


































































BENTHAM AND HOOKER’S 

SYSTEM OF ANGIOSPERM 

CLASSIFICATION



INTRODUCTION

• Classification denotes the arrangement of a single plant
or group of plants an distinct category following a
system of nomenclature, and in accordance with a
particular and well established plan.

• Some of the earlier systems of classification of
angiosperms were artificial systems, since they used
only certain superficial characteristics as the basis.

• With more and more detailed study on the
morphological, physiological and reproductive aspects
of angiosperms, the artificial systems of classifications

were replaced by the natural systems of classification.



• George Bentham and Joseph Dalton Hooker - Two English

taxonomists who were closely associated with the Royal

Botanical Garden at Kew, England have given a detailed

classification of plant kingdom, particularly the

angiosperms.

• They gave an outstanding system of classification of

phanerogams in their Genera Plantarum which was

published in three volumes between the years 1862 to

1883. It is a natural system of classification.

• They described 97,205 species of flowering plants grouped

into 202 orders (now recognised as families).

• The system has the advantage of being the first great

natural system of classification, which is very easy to

follow.



George Bentham

1800-1884

Joseph Dalton Hooker

1817-1911

http://en.wikipedia.org/wiki/File:GeorgeBentham.jpg
http://en.wikipedia.org/wiki/File:J.D._Hooker-72.jpg
http://www.lisisoft.com/imglisi/5/Screensavers/86683jtca0012.jpg




SUB-CLASS - POLYPETALAE 

petals separate

THALAMIFLORAE DISCIFLORAE CALYCIFLORAE

Parietales

Polygalineae

Caryophyllineae

Guttiferales

Malvales

Ranales Geraniales

Olacales

Celastrales

Sapindales

Rosales

Myrtales

Passiflorales

Ficoidales 

Umbellales

Series

Orders Orders Orders



THALAMIFLORAE
Many stamens in the androecium. 

Flower is hypogynous

Ranales

Ranunculaceae

Dilleniaceae

Calycanthaceae

Families

Parietales

Families

Polygalineae

Pittosporaceae

Tremandraceae

Polygalaceae

Families

Caryophyllineae Guttiferales

Elatinaceae

Hypericaceae

Guttiferae

Families Families

Malvales

Families

Sarraceniaceae

Papaveraceae

Cruciferae

Capparaceae

Resedaceae

Cistaceae

Violaceae

Frankeniaceae

Caryophyllaceae

Portulacaceae

Tamaricaceae

Malvaceae

Sterculiaceae

Tiliaceae

Annonaceae

Menispermaceae

Magnoliaceae

Berberidaceae

Nymphaceae Canellaceae

Bixaceae. 

Theaceae

Dipterocarpaceae

Sarcolaenaceae

Orders



DISCIFLORAE 
Hypogynous flowers with a cushion-like  disc around or below the ovary

Olacales

Olacaceae

Aquifoliaceae

Families

Sapindales

Families

Sapindaceae

Meliosmaceae

Anacardiaceae

Celastrales

Families

Celastraceae

Stackhousiaceae

Rhamnaceae

Vitaceae

Dichapetalaceae

Geraniales

Families

Linaceae

Humiriaceae

Malpighiaceae

Zygophyllaceae

Geraniaceae

Rutaceae

Simaroubaceae

Ochnaceae

Burseraceae

Meliaceae

Coriariaceae

Moringaceae

Orders



CALYCIFLORAE
Flowers epigynous or perigynous 

Thalamus is in the form of a cup 

Myrtales

Rhizophoraceae

Combretaceae

Myrtaceae

Families

Passiflorales

Families

Umbellales

Families

Umbelliferae

Araliaceae

Cornaceae

Rosales

Connaraceae

Leguminosae

Rosaceae

Families

Crassulaceae

Droseraceae

Saxifragaceae

Hamamelidaceae

Bruniaceae

Loasaceae

Turneraceae

Passifloraceae

Cucurbitaceae

Ficoidales

Cactaceae

Aizoaceae

Families

Haloragaceae

Melastomataceae

Lythraceae

Onagraceae

Begoniaceae

Datiscaceae

Orders



SUB-CLASS - GAMOPETALAE 

petals fused

INFERAE HETEROMERAE BICARPELLATAE

Rubiales

Asterales

Campanulales

Ericales 

Primulales

Ebenales 

Gentianales

Polemoniales

Personiales

Lamiales

Orders Orders Orders

Series



INFERAE

Flowers with inferior ovary

Campanulales

Families

Stylidaceae

Goodeniaceae

Campanulaceae

Asterales

Families

Valerianaceae

Dipsacaceae

Calyceraceae

Compositae

Rubiales

Families

Caprifoliaceae

Rubiaceae

Orders



HETEROMERAE
Flowers with superior ovary

Number of carpels - more than two

Ebenales

Families

Sapotaceae

Ebenaceae

Styracaceae

Primulales

Families

Plumbaginaceae

Primulaceae

Myrsinaceae

Ericales

Families

Ericaceae

Clethraceae

Epacridaceae

Diapensiaceae

Lennoceae

Orders



BICARPELLATAE
Ovary superior, with 2 carpels

Lamiales

Families

Myoporaceae

Verbenaceae

Labiatae

Personiales 

Families

Gentianales

Families

Oleaceae

Salvadoraceae

Apocynaceae

Asclepiadaceae

Loganiaceae

Polemoniales

Families

Polemoniaceae

Hydrophyllaceae

Boraginaceae

Convolvulaceae

Solanaceae

Gentianaceae

Scrophulariaceae

Globulariaceae

Lentibulariaceae

Gesneriaceae

Bignoniaceae

Pedaliaceae

Acanthaceae

Plantaginaceae

Orders



MONOCHLAMYDEAE

only 1 kind of perianth

Curvembryae

Nyctaginaceae

Amaranthaceae

Chenopodiaceae

Families

Multiovulate 

Aquaticae

Multiovulate 

Terrestris

Podostemaceae Nepenthaceae

Cyinaceae

Myristicaceae

Families Families

Microembryae

Piperaceae

Chloranthaceae

Myristicaceae

Monimiaceae

Families

Achlamydo

-sporae
Unisexuales

Loranthaceae 

Santalaceae

Balanophoraceae

Euphorbiaceae

Balanopaceae

Urticaceae

Ficoidales Platanaceae

Families Families

Ordines

Anomali

Salicaceae

Empetraceae

Ceratophyllaceae

Ficoidales Lacisternaceae

Families

Daphnales

Lauraceae

Proteaceae

Thymelaeaceae

Penaeaceae

Families

Batidaceae

Polygonaceae

Phytolaccaceae

Elaegnaceae
Leitneriaceae

Juglandaceae

Myricaceae

ficoidales Casuarinaceae

Betulaceae

Series



CLASS-MONOCOTYLEDONAE

1 cotyledon, flowers trimerous

Microspermae

Hydrocharitaceae

Burmanniaceae

Orchidaceae

Families

Epigynae

Families

Coronarieae

Roxburghiceae

Liliaceae

Pontederiaceae

Xyridaceae

Families

Nudiflorae Apocarpae

Pandanaceae

Cyclanthaceae

Typhaceae

Triuridaceae

Alismataceae

Najadaceae

Families Families

Glumaceae

Families

Calycinae

Flagellariaceae

Juncaceae

Palmae

Families

Scitamineae

Bromeliaceae

Haemodoraceae

Iridaceae

Amaryllidaceae

Taccaceae

Dioscoreaceae

Philydraceae

Commelinaceae

Mayacaceae

Rapateaceae

Araceae

Lemnaceae

Eriocaulaceae

Centrolepidaceae

Restionaceae

Cyperaceae

Gramineae

Series



RANUNCULACEAE

Delphinium amplibracteatum

Ranunculus laetus

http://swbiodiversity.org/images/vasc_herbarium_images/Scrophulariaceae/photos/Delph_ger_F_N8181.jpg


PAPAVERACEAE
Argemone mexicana

http://www.flickr.com/photos/davehalley/4093106127/
http://www.poppiesshop.com/poppies/a.html
http://botany.csdl.tamu.edu/FLORA/pic03/DSCN1770.JPG


Citrus 

aurantifolia

Murraya paniculata

RUTACEAE

Murraya koenigii

Citrus limon

http://www.hear.org/starr/images/full/starr-030415-0009.jpg


LEGUMINOSAE

Lathyrus odoratus

Pisum sativum

http://www.botany.hawaii.edu/Faculty/Carr/ofp/images2/lup_alb_1780b.jpg


ROSACEAE



UMBELLIFERAE

Coriandrum sativum -



COMPOSITAE



ASCLEPIADACEAE
Asclepias quinquedentata

Calotropis

http://swbiodiversity.org/images/vasc_herbarium_images/Asclepiadaceae/photos/Asclep_Asclepias_quinquedentata.JPG
http://s745.photobucket.com/albums/xx99/simplyCHER/?action=view%C2%A4t=flower2.jpg


SOLANACEAE Nicotiana 
glauca

Solanum nigrum

http://www.stridvall.se/flowers/gallery/Solanaceae_2/NIKA2556?full=1


LAMIALES

Ocimun



EUPHORBIACEAE

Euphorbia hirta

Euphorbia pulcherime



GLUMACEAE

Triticum aestivum Oryza sativa



DRAWBACKS

• Gymnosperms were placed between Dicots and 
Monocots.

• Many important floral characters were neglected.

• It is not a phylogenetic scheme.

• Some of the closely related families have been 
separated and placed under different cohotrs and a 
number of unrelated families put together.

• Some advanced families like Orchidaceae have 
been regarded as primitive by placing in the 
beginning.
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CROSSING OVER - FACTORS AFFECTING IT 

Crossing over 

Genetic recombination crossing over is the mutual exchange of the 

corresponding parts of the adjacent paternal and maternal chromatids of the 

pachytene of meiosis I, producing new combinations of genes. The chromatids 

resulting from the interchange of segments are known as the cross over 

recombinants and the chromatids that remain intact are called non-crossover 

parental chromatids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A :Single Crossing, B :Reciprocal Double Crossing Over, C and D: Complementary Double 

Crossing Over 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

It produces 50% parental and 50% recombinant chromatids 

Significance of Crossing Over 

a. It produces new individuals having new combinations of traits. 

b. Crossing over has helped in establishing the concept of linear arrangement of 

genes. 

c. The frequency of crossing over helps in the mapping of chromosomes. i.e., 

determining the location of the genes in the chromosomes. 

d. Selection of useful recombination by geneticists has brought about green 

revolution in our country.  

Stern’s Drosophila Experiments 

 In 1931, a few weeks after publication of similar experiments by Creighton 

and McClintock in Zea mays Stern reported work with Drosophila. 

 

 



 

There are 2 Linked traits:  carnation eye and bar-eye flies.Carnation is recessive, 

bar-eye is dominant. In B/B homozygotes, the eye is very narrow. In B/+ heteros, 

get “wide-bar”. 

 

Male had normal X chromosome, car +/Y and Female had 2 cytologically 

distinct X chromosomes. One X had a portion of the Y chromosome attached to it, 

making it longer than normal. This one was wild type for both genes.The other X 

was shorter than normal, and had the car and B alleles on it. 



 

 

 

 

 

 

 

 

The observed results require the above types of gametes to be produced by 

females. The key observation was that in every case of genetic recombination, 

there had also been recombination of the cytological features . The same type of 

results had been found in the corn experiments. Genetic recombination 

(phenotypes of the offspring) was always accompanied by recombination of the 

cytological features. Together, these two studies convinced the field of genetics that 



physical exchange of chromosome segments was the basis for recombination of 

linked genes.  

BUT, when did the crossing-over take place. Remember, at the start of 

meiosis, the homologues are already replicated, and already paired up. So, one 

plausible model is that crossing-over actually takes place during interphase, before 

replication. That is, when each chromosome pair would consist of 2 chromatids, not 

4 (not the tetrad stage). 

How to distinguish between the two models? 

  To distinguish between the two models a right model organism 

Neurospora crassa (a bread mold) was selected. 

 

 

Normally, it reproduces asexually and also sexually. There are two mating 

types:  A and a . The 2 haploid nuclei fuse to give a diploid nucleus, the only diploid 



phase to this life cycle. Meiosis produces 4 haploid spores within an ascus. 

Subsequent mitotic division produces 8 haploid, sexual ascospores in a linear 

arrangement. All the products of a single meiosis are found together in the ascus. 

and, the order of the 4 spore pairs is the same as the order of the 4 chromatids of 

each tetrad during Metaphase I. By capitalizing on the biology of our model 

organism, we can now rigorously test our 2 competing hypotheses:Does crossing 

over take place during the 2-chromatid phase, or during the 4-chromatid phase? 

To test, we need strains with mutations at 2 genes on the same 

chromosome. In Neurospora, there are many nutritional mutants are known. These 

are unable to make some essential nutrient on their own, and it must be supplied in 

their medium. met mutants are unable to synthesize their own methionine. his 

mutants are unable to synthesize their own histidine. 

 

All spores are recombinants. 



 

Note: 1/2 are parental, 1/2 are recombinant. Repeated experiments like this 

have shown that we get the second type of result. I.e., crossing over takes place at 

the tetrad stage (4 chromatids). They also show that the exchange is reciprocal: 

equal amounts of the 2 chromosomes are swapped. 

CHROMOSOME MAP  

( Linkage map / Cross over map / Genetic map) 

 
 The chromosome map may be defined as a line, on which the genes are 

represented by points, separated by distances proportional to the amount of 

crossing over.  

 The chromosome maps are also referred to as cross over maps since they 

are sketched by the amount of crossing over. 

 The percentage of crossing over is directly proportional to the distance of the 

alleles showing crossing over in the chromosome. 

 The chromosomes maps are the graphic representation of the genes in a 

chromosome.  



 The percentage of crossing over is calculated by test crosses. In mapping the 

genes, a unit of distance is used and it is called as map unit or Morgan unit.  

 The first chromosome map was made in 1911 by Sturtevant and soon after 

additional maps were made by Bridges and others.  

 Drosophila is the earliest material used by the scientists, for constructing 

maps.  

Procedure for the chromosome mapping  

 In fact genes are plotted on the chromosome on the basis of crossing over 

results between different pairs of linked genes. The actual distance between two 

genes is said to be equivalent to the percentage of crossing over between these 

genes.  

 When the % of crossing over between two genes is 5, then the distance is 5 

units. For example five genes A, B, C, D and E are to be plotted on a chromosome. 

If cross over results indicate that genes A and E have the highest percentage of 

crossing over, it means that these should be placed at the maximum distance.  

 In this example, the gene A can be taken as a starting point in the 

chromosome and can be represented by O. 

 Now if the gene A and B exhibit 7% crossing over, the gene B can be placed 

on the chromosome at a distance of 7 units.  

 If the gene C shows 8% crossing over with gene B and about 15% crossing 

over with gene A, it can be plotted on the chromosome at a distance of 15 units 

from gene A. 

 Similarly if gene A and E exhibit 20% and 30% crossing over with gene D 

and 5% and 10% with gene C these, are located on the chromosome 5 and 10 

units away from the gene C respectively.  

Construction of Chromosome map in Drosophila  



 In Drosophila the chromosome map is constructed with the help of test cross. 

In Drosophila grey colour is dominant over black colour; and the long wing is 

dominant over vestigial wing.  

 The F1 female hybrid is test crossed. Four types of individuals are formed. 

Out of four types, two types are parental type (G:L & B:V) and other two are non 

parental type (G:V & B:L) due to crossing over. Non – parental type is 17%. So the 

percentage of crossing over is equivalents to 17%. The distance between the two 

genes (G-L) is equivalent to the percentage of crossing over or percentage of non 

parental combination. So the distance between the gene G & L is equivalent to 17 

morgan units.  

 Percentage of non parental combination  = 17% 

 So the percentage of crossing over  = 17 

 So the distance between the Gene G & L = 17 map unit  

 In another experiment the F1 female grey red is test crossed with black 

cinnabar. The experiment shows 9% non parental combination individuals. So the 

distance between the Gene G & Cn is equavalent to 9 map unit.  

 In the same way the F1 female red long is test crossed with cinnabar 

vestigial. The experiment shows 9.5% non-parental combination individuals. So the 

distance between the gene Cn is equivalent to 9.5 map unit.  

 According to the first experiment the distance between G & L is equivalent to 

17 map unit. But the second and third experiment show 18.5 map units between 

the two genes. To find out the actual reason for this difference in the distance, 

conduct a 3 point cross. 

Three Point cross  
 

 In the three point cross all the three pairs of genes are considered in the 

experiment. The F1 hybrid female is test crossed. They produce 8 different types of 

individuals. Out of 8 types, two types are parental. Remaining six are non-parental.  



    Male   Female   

Parent :  Grey Red Long  Black cinnabar Vestigial  

  G Cn L  x  g cn l 

  Y-chromosome   g cn l 

     Normal 

F1   :     G Cn L 

      g cn l 

Back cross :   Female    Male 

  Normal   Recessive  

  G Cn L   x  g cn l 

  g cn l    Y – chromosome  

 

F2 Offspring  

 Parental combinations due to linkage = 658 = 82.25% 

 Non parental combination : Single cross over : 

a) Between G and Cn            g Cn L = 36 

   1. Black red long   g cn l         = 70  

   2. Grey cinnabar vestigial G cn l = 34 

     g cn l  

  

 

b) Between Cn and L  

    1. Grey red vestigial  G Cn l 



               g cn l    = 35 

                          = 66 

   2. Black cinnabar long g cn L   = 31 

     g cn l  

 Double cross over  

  1. Grey cinnabar long  G cn L  =  4 

    g cn l    =  6 

 2. Black red vestigial g Cn l   =  2 

    g cn l 

 Total c.o between G and Cn  =   70 + 6 = 76 = 9.5% 

    (includes double c.o)   

 Total c.o between Cn and L  = 66 + 6 = 72 = 9.0% 

    (includes double c.o) 

 Total c.o. between G and L   = 76 + 72 = 148 = 18.5% 

    (includes double c.o) 

 C.o between G and E   = 70 + 66 = 136 = 17% 

   (double c.o not included) 

 From these results, it is concluded that the gene cinnabar lies about half – 

way between  the genes for black body colour and vestigial wings. The total amount 

of crossing over between black body and vestigial wing is 18.5% rather than the 

17% expected on the basis of the first cross. The discrepancy (18.5 – 17 = 1.5) 

just noted, arises because of the occurrence of double crossing over, that is, of two 

cross overs occurring simultaneously in the same cell between these two loci. 



 As a final check on these results, it would be well to make a trihybrid or three 

point cross using all three pairs of genes at  once. When pure recessive flies are 

crossed with normal flies, all the F1 flies are normal phenotypically. When the F1 

females are back crossed to triple recessive males, eight phenotypes are obtained.  

 From the data obtained the relative position of the genes can be calculated. 

The distance between G and Cn is 9 units, the distance between Cn and L is 9.5 

units; the L gene could be to the right of Gn locus or to the left. If the first order 

(CnL) is correct, then the distance between G and L is 17 units. This small 

discrepancy is due to double crossing over. Based upon the above data, the three 

genes can be  mapped as follows :  

Chromosome Maps of Drosophila 
 The chromosome maps  of Drosophila include four linkage groups 

corresponding to four chromosome pairs. The genes present in the X chromosome 

constitute the first linkage group, those present in 2nd  and 3rd chromosome 

constitute 2nd and 3rd  linkage groups and those on the fourth chromosome form 

fourth linkage group. The fourth linkage group is the smallest of all.  

Chromosome maps of maize 

 Chromosome maps of maize have been drawn by R.A. Emerson. As there are 

10 pairs of chromosome 10 chromosome maps are seen.  

Factors affecting the mapping 
 Chromosome map can be constructed only with the help of crossing over 

percentage. The crossing over percentage is highly modified by the interference and 

coincidence.  

Interference  

 Normally the double crossing over frequency is very low. Because the 

crossing over and chiasma formation in the homologous non sister chromatids 

interferes with the crossing over and chiasma formation at other points nearby. 

This is called as interference. This was discovered by Muller (1911). The 

interference is inversely proportional to the crossing over percentage. The 



interference is maximum over a short distance and decreases as the distance 

increases.  

Coincidence  

 The coincidence is an inverse measure of interference. It is measured as a 

ratio between actual number of double cross overs and the expected number of 

double cross overs.  

        Actual number of double cross overs 

 Coindicidence =          Expected number of double cross overs 

 If the actual number of double cross overs is zero, then coincidence is zero 

and interference is complete. If the actual number of double cross overs is the 

same as the expected number, coincidence is said to be one, and interference is nil. 

It ranges from 0 to 1.  

 





























MALE STERILITY  (Kaul 1988) 
 
A. INFERTILITY VS. INCOMPATIBILITY 
 1. Sterility systems:  spores and gametes are absent or abnormal. Individual failed to produce 

functional gametes to produce offspring. 
 
 2. Incompatibility systems:  male and female gametes are normal and functional, but can only 

produce offspring when correct parents are mated; etc. self-incompatibility, cross-
incompatibility.  

 
 3. Male sterility is defined as the failure of plants to produce functional anthers, pollen, or 

male gametes. 
  a. 1st documentation:  1763--Kölreuter observed anther abortion within species and 

species hybrids. 
 
  b. More prevalent than female sterility: 

  i. Male sporophyte and gametophyte less protected from environment than ovule and 
embryo sac. 

ii. Easy to detect male sterility, because a large number of pollen for study available. 
iii. Easy to assay male sterility: staining technique (caramine, lactophenol or iodine); 

female sterility (fst) requires crossing. 
  iii. Male sterility has propagation potential in nature (can still set seed) and is important 

for crop breeding, fst does not. 
 
  c. Arises spontaneously via mutations in nuclear and/or cytoplasmic genes 
  
 
B. MANIFESTATIONS OF MALE STERILITY 

a.  Absence or malformation of male organs (stamens) in bisexual plants or no male flowers in 
dioecious plants. 

 b.  Failure to develop normal microsporogenous tissue- anther. 
 c.  Abnormal microsporogenesis--deformed or inviable pollen. 
 d.  Abnormal pollen maturation; inability to germinate on compatible stigmata.0 
 e.  Nondehiscent anthers but viable pollen,- sporophytic control. 
 f.  Barriers other than incompatibility preventing pollen from reaching ovule.  
 
C. CLASSIFICATION OF MALE STERILITY 
 1. Genetic male sterility:  

 a.  Phenotypic (table 1.2) 
 i. Structural male sterility:  anomalies in male sex organs (or missing all together) 

 
 ii. Sporogenous male sterility:  stamens form, but pollen absent or rare due to 

microsporogenous cell abortion before, during, or after meiosis 
 

 iii. Functional male sterility:  viable pollen form, but barrier prevents fertilization 
(anther indehiscence, no exine formation, inability of pollen to migrate to stigma or 



Male Sterility  2 

other factors that affect fertilization --e.g. extended style, pollen is glued together so 
can’t be released-soybean, peas) 

 
  b.  Genotypic (fig 1.1) 

 i.  Genic male sterility:  Mendelian inheritance due to nuclear not cytoplasmic genes 
1) Arisen as spontaneous mutants in most cases:- high frequency of mutation. 
2) Identified in 175 species.  
3) Few reciprocal differences observed. 

  3) ms (recessive--most) or Ms (dominant--few) 
  4) Many nonallelic genes are known in some species (e.g. 60+ in maize, tomato 

55, etc.) 
4) Recessive: single genes ~70%; multigenes~15 (monocot)-23 (dicot)%: rest is 

dominant mutants- 7 (dicot) 15 (monocot)%. 
 

 ii.  Cytoplasmic male sterility: Non-Mendelian inheritance - cytoplasmic  
1) Reciprocal differences observed. 
2) N (normal) and S (sterile) cytoplasms. 
3) Male sterility inherited maternally. 
4) Not very common. 

 
  iii. Gene-cytoplasmic male sterility: Both nuclear and cytoplasmic genes are involved 

1) N and S cytoplasm. 
2) Restorer of fertility (Rf) genes–distinct from geneic male strility genes. 
3) Rf requires to restore fertility in S cytoplasm. N rfrf = fertiles; SRf- = fertiles; S 

rfrf = male sterile. 
 
D. GENE-CYTOPLASMIC MALE STERILITY  

Reference: Schnable and Wise (1998), Levings (1993), and  Wise et al. (1999). 
    Mackenzie and McIntosh (1999). 
 

General features of CMS 
 1. Need both sterile cytoplasm and rf nuclear gene(s) to get male sterility expression–that is, S 

+ Rf or N + rf will be fertile 
 
 2. Rf mutations (i.e., mutations to rf or no fertility restoration) are frequent, so N-RfRf is best 

for stable fertility 
 
 3. Maize:  perhaps most well studied system: 
  a. Maize has a number of male sterile cytoplasms–T, S, and C are the most widespread 

and well characterized; see handout from Kaul, 1988, p. 561  
 
  b. T and other sterile cytoplasms differ from fertile or normal (N) cytoplasms in 
   i. mitochondrial RFLP 
   ii. mitochondrial RNA  
   iii. mitochondrial translation products 
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T cytoplasm in maize as model system for cms (cms-T) 
 
General information 
1. Texas (T) cytoplasmic male sterility discovered in 1940s; used extensively throughout the 

1960s. 
2. Highly stable under all environmental conditions. 
3. Characterized by failure of anther exertion and pollen abortion. 

 4. Plants bearing the T cytoplasm, but not others (S, C, or N) are susceptible to race T of the 
southern corn leaf blight - (Cochliobolus heterostrophus = Bipolaris maydis); the only 
previously identified race was race O, which wasn’t deemed a serious problem.  Race T is 
exceptionally virulent. Also susceptible to Mycoshaerella zea-maydis. Cause diseases by 
producing a toxin (β-polyketol). 

5. Widespread use of T-cytoplasm for hybrid corn production led to epidemic in 1970 with 
the widespread rise of Race T. 

6. Toxin produced by C. heterostrophus = T-toxin. 
7. Susceptibility arises in T cytoplasm due to mitochondrial sensitivity to T-toxin. 
8. Male sterility and sensitivity to fungal toxins- both are mediated by the same gene product. 

 
 

T-urf13 gene in T cytoplasm maize 
 
 Mitochondrial gene T-urf13 is a unique chimeric sequence  

1. Early studies in Prof. Leving lab (Forde et al. 1978) established that a 13 kDa 
polypeptide is observed in T-mitchondria, but not in N-mitochondrial.  

2. The gene encoding this polypeptide arose through mitochondrial recombination which 
produced a chimeric reading frame (Figure 6 of Dewey et al. 1987, PNAS 84:5574-
5378) and named urf13-T. 

3. The pcf gene in petunia and the orf107 gene in sorghum conferring CMS are also 
chimeric and encode a nonessential polypeptide (Figure 2 of Schnable and Wise 1998). 

4. T-urf13 encodes a nonessential polypeptide. 
5. Dewey et al. (1987) raised antibody and showed that amount of the polypeptide is 

reduced in presence of the Rf1 gene. 
6. Transcript of T-urf13 also regulated by restorer gene Rf1 and two others Rf8 and Rf* 

(Dill et al. 1997). Transcripts are truncated near the beginning of the ORF (e.g. start 
codon methionine is missing-presumably no translation = no T-urf13 product) (Figure 
14 of Wise et al. 1999). 

  7. Usual mitochondrial genes appear to be normal. 
   
 T-urf13 is probably cause of male sterility and disease susceptibility 

     1. Only present in T cytoplasm 
  2. Confers both male sterility and disease susceptibility 
  3. Encodes a 13 kDa polypeptide (URF13) associated with inner mitochondrial membrane 
  4. Plants expressing this gene are also sensitive to the insecticide methomyl. 

Toxin/methomyl interact with URF13 interaction to permeablize the plasma membrane 
(by creating pores). 

  5.   Premature degeneration of tapetum cells- metabolically active. 
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 E. coli transformation experiments 
  1. E. coli expressing T-urf13 are sensitive to methomyl and T-toxin, showing massive ion 

leakage, inhibition of glucose-driven respiration, and growth  suppression.  
  2. Phenotypic effects are similar to those seen in maize T mitochondria. 
  3. URF13 is associated with plasma membrane in E.coli, similar to location of activity in 

mitochondria. 
 
 cms-T revertants show T-urf13 responsible for male sterility and T-toxin sensitivity 
  1. developed in tissue culture can survive on toxin containing media. 
  2. Regenerants (that are revertants) from toxin resistant calli were all male fertile. 
  3. Most revertants show that T-urf13 is deleted from mitochondrial genome by 

recombination, resulting in a simultaneous loss of cms and disease susceptibility; some 
revertants due to mutations (frameshift mutation or premature stop codon) in T-urf13 
that make non-functional URF13 protein. 

   
  These data suggest the traits are inseparable. 
 
How does URF13 cause cms? 
 Effect of URF13 protein 
  1. Degeneration of the tapetum during microsporogenesis (see Fig. 3 in Wise et al., 1999) 
  2. Disruption of pollen development leading to male cell abortion 
 
 URF13 toxicity 
  1. URF13 only toxic to anther cells, even though it is expressed throughout the plant. 
  2. Some small effects on plant growth and development have been reported (Duvick 

1965)–statistically significant 1-3% reductions in plant height, leaf number, and grain 
yield. 

  3. URF13 may negatively affect callus cultures as well (Levings 1993). 
  4. Transgenic experiments show URF13 toxicity–E.coli, insect larvae and cell culture, 

tobacco, and yeast mitochondria–sensitive to T-toxin or methomyl (active ingredient of 
the insecticide Lannate) when expressing URF13 in transgenic plants, but only if 
targeted to the mitochondria. 

 
 Why would mitochondrial dysfunction specifically affect pollen development? 

1. Mitochondrial gene functions are essential to all cells–electron transfer, ATP formation, 
and translation of mitochondrial mRNA. 

2. Interruption of any of these functions would be expected to be lethal. 
          

CMS plants have essentially normal phenotypes, except for pollen fertility 
 1. They must have few or no agronomic effects in order to be used in crop breeding! (1-

3% reduction in crop yield, etc. Duvick 1965). 
  2. Therefore, CMS must not result from a lesion in a major mitochondrial gene. 
 
 Possible that a mitochondrial gene or its product can have an altered function in anther cells 
  If so, then the specific response seen with URF13 could occur. 
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Mode of action of URF13 
 Hypothesis 1: 
  1. Energy requirements are high in anthers at time of pollen development, resulting in a 

40x increase in mitochondria/cell in tapetum and 20x increase in sporogenous cells of 
the maize anther; an increase that has not been observed in other cell types. 

  2. Mitochondrial mutants like T-urf13 could interfere with mitochondrial replication, 
electron transport, or phosphorylation specifically in the tapetum. 

  3. URF13 is expressed in all cells (hence the susceptibilty to methomyl or T-toxin), but its 
effect on general mitochondrial functions isn’t severe enough to hurt growth and 
development–therefore, the tapetum may be more sensitive to subtle mitochondrial 
perturbations than the rest of the plant. 

 
 Hypothesis 2: (see Fig. 5 in Wise et al., 1999) 
  1. By the same mechanism that results disease sensitivity–that is, an anther-specific 

compound interacts with URF13 to permeabilize the inner mitochondrial membrane 
  2. This anther specific compound would have similar properties to T-toxins and 

methomyl, but must be limited to the anther so that other cells function normally. 
  3. However, the anther specific compound has not yet been isolated–though some 

evidence it exists (see Wise et al., p. 119). 
  4.  Trangenic tobacco failed to show male sterility even when URF13 targeted to the 

mitochondrial membrane- the factor may not be present to result the pore formation 
(Chaumont et 1995). 

  
Restoration of fertility through Rf1 and Rf2 
 Restoration of fertility 
  1. T cytoplasm will produce URF13, but the plant will have normal male fertility if 

dominant alleles occur at two nuclear genes, Rf1 and Rf2 (need dominant alleles at both 
loci to restore fertility) 

  
  2. Restoration of fertility in T-cytoplasm is a sporophytic restorer system (acts 

premeiotically) 
   a. Pollen from plants heterozygous at both loci is only ¼ Rf1-/Rf2- 
   b. If plant carries male-sterile cytoplasm, fertility is completely restored even in 

heterozygotes (sporophytic determination)–i.e., all pollen will be functional, even if 
it does not have dominant Rf alleles in its haploid genome.  Thus, if the plant is 
Rf1rf1Rf2rf2, ¼ of its pollen will have the genotype rf1rf2 yet be fully functional. 

   c. Note that S cytoplasm requires one gene, Rf3, and is a gametophytic system–if the 
plant has a sterile cytoplasm and is heterozygous Rf3rf3, then ½ of its pollen will 
sterile. 

  3. Nuclear genes must interact in some manner with the URF13 protein, T-urf13 
transcription, or T-urf13  transcripts in a manner to rescue the damage done potentially 
caused by the active protein. 

  
Can Rf1 and Rf2 lines restore resistance to the pathogens? 

i)   Restores fertility but show intermediate reaction to the pathogens.  
ii) N-cytoplasm is always immune to T-race. 
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Loci involved in fertility restoration 
  1. Rf1:   
   a. Maps to chromosome 2. 
   b. Not cloned. 
   c. Alters transcript profile of T-urf13 and decreases URF13 expression by 80%. 
   d. The Rf1 allele is rare among maize lines–indicating it only functions in male 

sterility restoration (i.e., it only arose in response to T-cytoplasm; otherwise, no 
selection was present to make it necessary). 

 
  2. Rf2 (Cui et al., 1996; Levings, 1996) 
   a. Maps to chr. 9   
   b. Has been cloned (transposon-tagging approach). 
   c. Homology to mammalian aldehyde dehydrogenases. 

d. The Rf2 allele is common among many maize lines, including those that have never 
been exposed to sterile cytoplasms–therefore, probably has a function in the cell in 
addition to its role as a nuclear restorer. 

 
  3. Duplicate loci for fertility restoration (Dill et al. 1997) 
   a. Rf8 and Rf* 
   b. Can each partially restore fertility in absence of Rf1. 
   c.  Edit urf13 transcripts- truncated at the 5’-end. (Wise et al. 1997 Figure 14). 
   d. Also rare in maize populations. 
 
Cloning Rf2 and its mechanism of action 
 
  1. Cui et al. (1996) used a transposon (Mu) tagging strategy 
  2. isolated a 2.2 kb cDNA containing a mitochondrial targeting sequence 
  3. 75% similarity to mammalian mitochondrial aldehyde dehydrogenases (ALDH) 
  4. Plant ALDH may be used to detoxify ethanol and acetaldehyde after brief periods of 

fermentation 
  5. Highest levels of accumulation of RF2 protein in tapetum 
  6. Numerous other plant ALDH have been cloned from maize and Arabidopsis; all have 

ALDH activity on acetaldehyde 
 

 
What does Rf2 do? 
 "Metabolic” hypothesis 
  1. In normal cells, RF2-ALDH produces energy by oxidizing fatty acids (this specifies a 

role for RF2 in normal cells) 
  2. This energy is essential when URF13 alters mitochondrial function. 

3. Alternatively, ALDH scavenges and detoxifies acetaldehyde in normal plants, so that 
RF2 prevents tapetum poisoning and death by metabolizing acetaldehyde. 

4. Elimination of acetaldehyde is essential if URF13 alters mitochondrial function toward 
more ethanolic fermentation, which produces lots of acetaldehyde and/or ethanol, both 
of which are toxic. 
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 "Interaction” hypothesis 
  1. RF2 interacts directly or indirectly with URF13 to diminish its deleterious effects. 
  2. ALDHs have broad specificities and diverse metabolic functions; therefore, RF2 could 

modify component(s) of inner mitochondrial membrane or the tapetum specific factor 
(if it exists). 

  3. If the anther/tapetum specific compound is an aldehyde, RF2 would oxidize it to 
eliminate the problem. 

  4. If it is not an aldehyde, then the metabolic hypothesis is favored. 
 

What do we now know about RF2 function? 
a. RF2 encodes mitochondrial aldehyde dehydrogenase (activity now measured) and 

involves in floret development (Liu et al. 2001). 
b. Rf2 (nuclear gene) encodes a mitochondrial protein. 
c. An aldehyde dehydrogensae and accumulates in the tapetal cell layer (handout). 
d. Development of lower florets is retarded in the rf2 mutant (handout). 

 
Other CMS systems 
 

1. Types of sterility genes: 
a. Identified also in many other crop species including green beans, sorghum, beet, carrot, 

onion, petunia, Brassica napus, rye, sunflower, and wheat.  
b. Results following mutagenesis experiments (mutation of restorer genes), wide crosses, 

segregation of nuclear restorer gene through crossing, inter-specific crosses. 
c. Most CMS associated genes are chimeric mitochondrial sequences–, (see review by 

Schnable and Wise 1998) –but few similarities exist among them. 
  b. Difference - In at least one well characterized system (Nicotiana sylvestris), CMS arises 

due to a deletion of an entire gene (Gutierres et al., 1997).  
 
 2. Mechanisms of the sterility development vary: 
  a. Maize and many others–need expression in the tapetum to get the sterility phenotype–

i.e., tapetal dysfunction/breakdown causes CMS. 
  b. Phaseolus–ORF239 protein appears to be toxic to microspores, whether or not it is 

mitochondrially targeted (He et al., 1996).  It is associated with the cell wall of 
microspores.  

  c. Nicotiana sylvestris–CMS mutants I and II show large deletions in the mitochondrion, 
with only the nad7 gene, involved in mitochondrial respiration, is missing.  This results 
in significant morphological deficiencies, including slower development, smaller 
plants, etc.  Results indicate respiration dysfunction to cause male sterility under low 
light (partial otherwise) (Gutierres et al., 1997). 

 
 3. Mechanisms of fertility restoration vary: 
  a. Loss of the mitochondrial sequence causing CMS 
   i. Phaseolus–in the presence of the nuclear Fr gene (fertility restorer, the 

mitochondrial sequence pvs (which includes orf239) that is responsible for sterility 
is lost. (ORF239 protein appears to be toxic to microspores). 
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  b. Alteration of transcript profiles of CMS inducing genes 
   i. Rf1 in maize with T-cytoplasm 
   ii. Restoration of Brassica napus pol and nap sterile cytoplasms is conditioned by 

different alleles of  the Rfp (Rfn) locus, which reduce the transcript of the chimeric 
genes orf224 (for the pol cytoplasm) and orf222 (for the nap cytoplasm) 
(Li et al., 1998).  The Rfn allele was not found in any of 51 varieties examined 
except those with fertility-restored nap cytoplasms, suggests that Rfn evolved with 
the nap cytoplasm. Similar to Rf1’s evolution-only with its specific sterile 
cytoplasm- for restoration of fertility. 

   iii. Restoration of sorghum fertility in the IS1112C cytoplasm requires the two locus 
gametophytic system (itself a rarity) of Rf3 and Rf4.  Fertile progeny exhibit 
increased transcript processing activity, in which full length transcripts of the 
sterility chimeric mitochondrial gene orf107, specific to IS1112C cytoplasm, are 
not produced (Tang et al., 1998). Similar mechanism observed for Rf1 in maize. 

iv. Restoration of fertility in maize S-cytoplasm requires the Rf3 nuclear allele 
(gametophytic determination); when present, it reduces the transcript lengths of two 
chimeric genes present in S-cytoplasm, orf335 and orf77, resulting in restored 
fertility (Wen and Chase, 1999).   

 
c.  Rf2 story described earlier. 
 
d. Post-transcriptional editing (RNA editing): 

i. In plant mitochondria changes C changed to U most commonly perhaps to creat 
new start/stop codons (UAA, UAG or UGA) by RNA editing. 

ii. It is possible that tissue-specific editing targeting only microsporoes can result male 
sterility. For example: atp6 editing (but not editing of other mitochondrial 
transcripts) in sterile sorghum is reduced relative to fertile plants in anthers but not 
in etiolated seedling shoots; progeny that have been restored to fertility have an 
increase in editing of atp6 (Howad and Kempken, 1997). Loss of RNA editing is 
associated with CMS. 
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E. GENIC MALE STERILITY (GMS)   
 (Chaudhury, 1993; Horner and Palmer, 1995) 
 
 1. Nuclear genes causing male sterility 
  a. ms genes in nucleus are the main class of male sterile genes 
  b. Genes such as apetela-3 (ap3), pistillata (pi), and antherless (at) in Arabidopsis which 

affect floral morphology produce structurally male sterile plants. 
  c. Genes which affect other characteristics in plants may have pleiotropic effects on male 

fertility–e.g., mutants of CUT1, an Arabidopsis gene involved in cuticular wax 
synthesis, cause male sterility because waxless pollen has problems interacting with the 
stigma–although this problem can be overcome if the pollen germinates in very humid 
conditions (Millar et al., 1999). 

  d. The flavonoid pathway is apparently important for normal pollen maturation.  An 
antisense  chalcone synthase gene was targeted to anthers in petunia, turning off 
pigment synthesis.  Plants with white anthers were male sterile because male 
gametophyte development was arrested (van der Meer et al., 1992). 

 
 2. Most GMS systems are sporogenous–i.e., they affect microsporogenesis or 

microgametogenesis–rather than structural. 
 
 3. Timing of GMS systems 

 a. Most ms genes act early in pollen development  
  b. Tapetum is primary tissue where many abnormalities occur 
  c. Tapetum is innermost wall of microsporangium–provides enzymes, hormones, food for 

developing PMCs and microspores 
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F.  ENGINEERING MALE STERILITY 
(Goldberg et al. 1993) 
  a. Anther development (Fig. 1) 
   i. Tapetum–stomium/circular cell cluster–microspores are the major targeting sites for 

manipulation 
   ii. Tapetum involved in microspore maturation. 
   iii. Stomium/ccc involved in dehiscence of pollen grains. 
 
  b. Two phases of development  
   i. phase 1: Histodifferentiation of various anther cell types (Fig. 3). 
   ii. phase 2: Cell degeneration and dehiscence (programmed destruction of 

CCC/connective and stomium leading to pollen release). 
 
  c. Temporal and spatial regulation of gene expression (Figure 5 and Table 2) and 

identification of suitable promoters for engineering male sterility.  
 
  d. Barnase/barstar system for engineered male sterility 

(p. 1226-1227 in Goldberg et al., 1993)] 
   i. Barnase is extracellular RNase; barstar is inhibitor of barnase (both from bacterium 

Bacillus amyloliquefaciens which uses barnase for protection from microbial 
predators and barstar to protect itself from barnase. 

   ii. Fuse the barnase and barstar genes to TA29 promoter–TA29 is a plant gene that has 
tapetum specific expression–good for a wide range of dicot and monocot crop 
plants. 

   iii. Plants containing the TA29–barnase construct are male sterile; those with TA29–
barstar are not affected by the transgene. 

   iv. Cross male sterile (barnase) with male fertile (barstar) to get hybrid seed, which 
now has both barnase and barstar expressed in tapetum and, hence, is fully fertile. 
Barstar is dominant over barnase. 
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 Male sterility is defined as the failure of plants to produce functional anthers, pollen, 

or male gametes. First documentation of male sterility came in 1763 when Kölreuter 

observed anther abortion within species and specific hybrids. It is more prevalent than 

female sterility, probably because, male sporophyte and gametophyte less protected from 

environment than ovule and embryo sac. Male sterility is easy to detect because a large 

number of pollen are produced and could be easily studied. It can also be easily assayed 

through staining technique (carmine, lactophenol or iodine); while detection of female 

sterility requires crossing. Male sterility has propagation potential in nature since it can 

still set seed and is important for crop breeding, while female sterility does not. Male 

sterility can be aroused spontaneously via mutations in nuclear and/or cytoplasmic genes. 

ANTHER DEVELOPMENT AND POLLEN PRODUCTION 
 Male reproductive processes or microsporogenesis in flowering plants take place in 

the sporophytic organ system called stamen. Stamen contains diploid cells that undergo 

meiosis and produce haploid male spores, or microspores. Microspores divide mitotically 

and differentiate into multicellular male gametophytes, or pollen grains, that contain the 

sperm cells. The stamen consists of two morphologically distinct parts the anther and the 

filament. The anther contains the reproductive and non-reproductive tissues that are 

responsible for producing and releasing pollen grains so that pollination and fertilization 

processes can occur within the flower (fig 1). The non-reproductive tissues include the 

epidermis, endothecium, tapetum, circular cell cluster, connective, stomium, and vascular 

bundle. The include microspores. Each of these tissues and cell types carries out 

specialized tasks. The stomium and circular cell cluster are involved in dehiscence, the 

tapetum plays a role in pollen wall formation, and the connective is responsible for 

anchoring the four pollen sacs together into a single anther structure. In addition to these 

diploid sporophytic tissues, the anther also contains reproductive tissues namely, haploid 

microspores that fill the pollen sacs and differentiate into pollen grains.  Different anther 

cell types and their functions are listed in Table 1.  The filament is a tube of vascular 

tissue that anchors the stamen to the flower and serves as a conduit for water and 

nutrients.
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Fig. 2. A generalized overview of anther development.  

The dashed line through the stage 1 anther drawn in the phase 1 portion of the figure 
represents the cross-section plane for anthers drawn schematically in phase 2. The 
vertical lines drawn through the endothecium at stages 11 and 12 represent fibrous cell 
wall bands. C, connective; CCC, circular cell cluster; E, epidermis; En, endothecium; 
PG, pollen grain; PS, pollen sac; St, stomium; T, tapetum; Td, tetrads; Th, theca; V, 
vascular bundle. 

 
 

Fig 1. The cellular structure of a fully matured anther 
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 Table 1. Functions of anther cell and tissue types 

Cell or Tissue type Major function 

Connective Join anther theca together; connect anther to 

filament; structure, support, and morphology 

Circular Cell Cluster  

(Also referred to as the crystal-

containing idioblasts, 

intersporangial septum, and 

hypodermal stomium) 

Dehiscence 

 

Endothecium Structure and support; dehiscence 

Epidermis Structure and support; prevent water loss; gas 

exchange; dehiscence 

Microspore Pollen grain and sperm cell development 

Middle Layer 

(Collectively known as the anther 

wall) 

Structure and support; dehiscence 

Stomium Dehiscence 

Tapetum Pollen wall components; nutrients for pollen 

development; enzymes for microspore release 

from tetrads 

Vascular Bundle Connection between anther, filament, and 

flower; nutrient and water supply 

 

 The development of anther can be divided into two general phases. During phase 1, 

histospecification take place, the morphology of the anther is established, cell and tissue 

differentiation occur, and microspore mother cells undergo meiosis. At the end of phase 

1, the anther contains most of its specialized cells and tissues, and tetrads of microspores 

are present within the pollen sacs (Fig. 2). During phase 2, a cell degeneration and 

dehiscence program is executed where pollen grains differentiate, the anther enlarges and 
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is pushed upward in the flower by filament extension, and tissue degeneration, 

dehiscence, and pollen grain release occur. The cellular processes that regulate anther cell 

differentiation, establish anther tissue patterns, and cause the anther to switch from phase 

l to phase 2 are not fully known. Cell differentiation and dehiscence events occur in a 

precise chronological order that can be correlated with floral bud size.  

 At the end of phase 1, a differentiated anther has several highly specialized cells and 

tissues that are responsible for carrying out non-reproductive functions (e.g., support and 

dehiscence) and reproductive functions (e.g., spore and pollen formation). The floral 

meristem consists of three "germ" layers, designated L1, L2, and L3, which give rise to 

different anther tissues following stamen primordia initiation. In most cases, individual 

tissues and cell types are derived from a single germ layer. For example, the L1 layer 

gives rise to the epidermis and the stomium; the L2 layer gives rise to the archesporial 

cells, microspore mother cells, endothecium, and middle-wall layers that lie between the 

epidermis and tapetum; and the L3 layer gives rise to the connective, vascular bundle, and 

circular cell cluster adjacent to the stomium. By contrast, both the L2 and L3 layers 

contribute to tapetum formation. Tapetal cells along the upper (inner) portion of the 

pollen sacs are specified from the L3-derived connective tissue, whereas those that line 

the lower (outer) portion of the pollen sacs are specified from the L2-derived archesporial 

lineage.  

MANIFESTATIONS OF MALE STERILITY 

 Male sterility is manifested in different ways depending on the nature of plant 

species. It can be the absence or malformation of male organs (stamens) in bisexual plants 

or production no male flowers in dioecious plants or failure to develop normal 

microsporogenous tissue in anther. In certain cases abnormal microsporogenesis causes 

the formation of deformed or nonviable pollen. Even if pollens are produced in certain 

plants, abnormal pollen maturation results in inability to germinate on compatible 

stigmata. In certain other cases sporophytic control of male organs produce non-dehiscent 

anthers containing viable pollen; and also barriers other than incompatibility preventing 

pollen from reaching ovule. 
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Cytoplasmic male sterility  

 Cytoplasmic male sterility as the name indicates is under extra nuclear genetic 

control. They show non-Mendelian inheritance and are under the regulation of 

cytoplasmic factors.  In this type, male sterility inherited maternally. This is not a very 

common type of male sterile system in the plant kingdom. In general there are two types 

of cytoplasm viz.., N (normal) and the aberrant S (sterile) cytoplasms. These type exhibits 

reciprocal differences observed. 

Cytoplasmic Genetic male sterility  

 This type of male sterility systems is common in many plant species across plant 

kingdom. The sterility is manifested by the influence of both nuclear and cytoplasmic 

genes. There are commonly two types of cytoplasms, N (normal) and S (sterile). There 

are also restorers of fertility (Rf) genes, which are distinct from genetic male sterility 

genes. The Rf genes do not have any expression of their own unless the sterile cytoplasm 

is present. Rf genes are required to restore fertility in S cytoplasm which causes sterility. 

Thus a combination of N cytoplasm with rfrf and S cytoplasm with Rf- produces fertiles; 

while S cytoplasm with rfrf produces only male steriles. Another feature of these systems 

is that Rf mutations (i.e., mutations to rf or no fertility restoration) are frequent, so N 

cytoplasm with Rfrf is best for stable fertility. 

 Because of the convenience to control the sterility expression by manipulating the 

gene – cytoplasm combinations in any selected genotype, cytoplasmic genetic male 

sterility systems are widely exploited in crop plants for hybrid breeding.  Incorporation of 

male sterility evades the need for emasculation in cross pollinated species, thus 

encouraging cross breeding producing only hybrid seeds under natural conditions. 
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MALE STERILTY IN HYBRID BREEDING 

 Hybrid production requires a female plant in which no viable male gametes are 

borne. Emasculation is done to make a plant devoid of pollen so that it is made female. 

 

 
Fig. 3. Schemes for maintenance of parent lines and hybrid seed production utilizing (A) 
genic male sterility, (B) cytoplasmic male sterility, and (C) genic-cytoplasmic male 
sterility. Solid lines indicate sexual crosses; dashed lines indicate seed source to maintain 
original lines. 
ms, recessive nuclear male sterility gene; MS, dominant nuclear male fertility gene; (S), 
male sterile cytoplasm; (N), male fertile cytoplasm; r, recessive fertility restorer gene 
(male sterile); R, dominant fertility restorer gene (male fertile); �, self-pollination.  
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 Another simple way to establish a female line for hybrid seed production is to 

identify or create a line that is unable to produce viable pollen. This male sterile line is 

therefore unable to self-pollinate, and seed formation is dependent upon pollen from the 

male line. Genic male sterility is used in hybrid seed production, but has limitations due 

to the need to maintain female parent lines as heterozygotes and the segregation of fertile 

and sterile plants each generation (Figure 3A). Cytoplasmic male sterility (CMS) is also 

used extensively in hybrid seed production. In this case, the sterility is transmitted only 

through the female and all progeny will be sterile (Figure 3B). This is not a problem for 

crops such as onions or carrots where the commodity harvested from the F1 generation is 

produced during vegetative growth. These CMS lines must be maintained by repeated 

crossing to a sister line (known as the maintainer line) that is genetically identical except 

that it possesses normal cytoplasm and is therefore male fertile. In genic cytoplasmic 

male sterility (Figure 3C) restoration of fertility is done using restorer lines carrying 

nuclear restorer genes in crops.  The male sterile line is maintained by crossing with a 

maintainer line which has the same genome as that of the MS line but carrying normal 

fertile cytoplasm. 
 

GENIC CYTOPLASMIC MALE STERILITY IN MAIZE 

 The most common example cytoplasmic genetic male sterility is reported in maize 

and is perhaps most well studied male sterile system, among crop plants. Maize has a 

number of male sterile cytoplasms –Texas (T), USDA (S) and Charrua (C) besides 

normal (N). These cytoplasms are the most widespread and well characterized. The sterile 

cytoplasms are found to differ from fertile or normal (N) cytoplasms in mitochondrial 

translation products, mitochondrial RFLP and mitochondrial RNA.  
 

T cytoplasm as a model system  

 Texas (CMS-T) cytoplasmic male sterility was discovered in Texas during 1940s. 

This sterility system was commercially exploited and used extensively throughout the 

1960s. CMS-T was highly stable under all environmental conditions. It was characterized 

by failure of anther exertion and pollen abortion. Owing to this by 1970’s almost 85% of 

all corn in the US had CMS-T cytoplasm. During 70s development of a new race, race T 

(the only previously identified race at that time was race O) of the southern corn leaf 
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blight pathogen, Bipolaris maydis (synonyms: Helminthosporium maydis, Cochliobolus 

heterostrophus), which was highly virulent on plants having T-cytoplasm devastated the 

entire corn fields in the Eastern USA. The T-cytoplasm had a pleiotropic effect, and was 

very sensitive to T-race toxin from the pathogen. Plants bearing the T cytoplasm alone, 

but not others (S, C, or N) were susceptible to race T.  Bipolaris maydis produces a toxin 

called, T-toxin to which the mitochondria of T- cytoplasm was highly sensitive. The 

mitochondrial sensitivity and the male sterility were under the control of a common gene, 

which was later termed as T-urf13.  Later it was also found susceptible to grey leaf spot 

pathogen, Mycosphaerella zea-maydis, which causes diseases by producing a toxin (PM 

toxin). 

 

T-urf13 gene in CMS-T 
 

 T-urf13 is a mitochondrial gene which was later found having unique chimeric 

sequences. It was earlier discovered that a 13 kDa polypeptide is present in T-

mitchondria, which was conspicuously absent in N-mitochondria. This polypeptide, 

URF13 was the gene product of the chimeric gene which was a non-essential polypeptide. 

The T-urf13 gene arose through a mitochondrial recombination event which produced a 

chimeric reading frame. In the presence of the restorer gene Rf, the amount of this 

polypeptide was found highly reduced. Transcript of T-urf13 was regulated by restorer 

gene Rf1 and two others Rf8 and Rf*, by truncating the transcripts at the beginning of the 

open reading frame (e.g. start codon methionine is missing with no presumable translation 

resulting in no T-urf13 product). Other than this all other usual mitochondrial genes 

appear to be normal. 

 

 Since, T-urf13 is only present in T cytoplasm and encodes URF13 protein associated 

with inner mitochondrial membrane conferring both male sterility and disease 

susceptibility, this gene shows pleiotropic effect for both the traits. Also, plants 

expressing this gene are sensitive to the insecticide methomyl. During susceptibility either 

the fungal toxin or methomyl interact with URF13 and make the plasma membrane 

permeable by creating pores. Degradation of plasma membrane results in massive ion 

leakage, inhibition of glucose-driven respiration, and growth suppression. As the tapetal 

cells are metabolically very active, membrane degradation cause premature degeneration 
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of tapetum resulting in no pollen production. Further evidences came from the absence of 

URF13 transcripts in tissue culture revertants for methomyl susceptibility, and they are all 

found to be male fertile.  Most of such revertants showed that T-urf13 is deleted from 

mitochondrial genome by recombination, resulting in a simultaneous loss of cms and 

disease susceptibility; some revertants arose due to mutations (frameshift mutation or 

premature stop codon) in T-urf13 that made non-functional URF13 protein. 
[ 

 Similarly it was also discovered that the pcf gene in petunia and the orf107 gene in 

sorghum conferring CMS are also chimeric and encode nonessential polypeptides. 
 

Mode of action of URF13 protein 

 

 URF13 protein contributes to the degeneration of the tapetum during 

microsporogenesis causing disruption of pollen development leading to male cell 

abortion.  URF13 is only toxic to anther cells, even though it is expressed throughout the 

plant.   
 

 However, some small effects on plant growth and development that is 1-3% 

reduction in plant height, leaf number, and grain yield also have been reported.  URF13 is 

reported to negatively affect callus cultures as well. Experiments on transgenics had 

shown that URF13 toxicity is extended to E.coli, insect larvae, cells in culture, tobacco 

and yeast mitochondria which are sensitive to T-toxin or methomyl.  In transgenic plants, 

expression of URF13 was limited to the mitochondria alone. 

[ 

 In plants, mitochondrial gene functions are essential to all cells in electron transfer, 

ATP formation, and translation of mitochondrial mRNA. Interruption of any of these 

functions would be expected to be lethal. In CMS plants, energy requirements are high in 

anthers at time of pollen development, resulting in a 40 fold increase in mitochondria/cell 

in tapetum and 20 fold increase in sporogenous cells of the maize anther. Such an 

increase has not been observed in other cell types. Mitochondrial mutants like T-urf13 

could interfere with mitochondrial replication, electron transport, or phosphorylation 

specifically in the tapetum. URF13 is expressed in all cells (hence the susceptibilty to 

methomyl or T-toxin), but its effect on general mitochondrial functions isn’t severe 
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enough to hurt growth and development–therefore, the tapetum may be more sensitive to 

subtle mitochondrial perturbations than the rest of the plant. 
 

 Another possible mode of action of URF13 is by the same mechanism that results 

disease sensitivity–that is, an anther-specific compound interacts with URF13 to 

permeabilize the inner mitochondrial membrane. This anther specific compound would 

have similar properties to T-toxins and methomyl, but must be limited to the anther so 

that other cells function normally. However, the anther specific compound has not yet 

been isolated–though some evidence it exists.  For example in trangenic tobacco, even 

when URF13 was targeted to the mitochondrial membrane, the plants failed to show male 

sterility, possibly due to the absence of the factor to cause the pore formation. 

 

Fertility restoration in CMS-T 
 

 Restoration of fertility in the CMS-T in maize is under the influence of nuclear 

genes, designated as Rf1 and Rf2, both in combination and in dominant condition produce 

fertile pollen under male-sterile cytoplasm. Yet another duplicate loci Rf8 and Rf* are 

also been known to restore fertility or influence fertility restoration.  
 

 Rf1 gene maps to chromosome 3. It is known to alter transcript profile of T-urf13 

and decreases URF13 expression by 80%. The gene is not yet cloned. The Rf1 allele is 

rare among maize lines, a possible indication that it only functions in male sterility 

restoration i.e., it only evolved in response to T-cytoplasm; and otherwise no selection 

was found to make it necessary. 
 

 Rf2 gene on the other hand, maps to chromosome 9 and has 75% homology to 

mammalian aldehyde dehydrogenase (ALDH) genes. The Rf2 allele is common among 

many maize lines, including those that have never been exposed to sterile cytoplasms–

therefore, probably has a function in the cell in addition to its role as a nuclear restorer. 

Highest levels of accumulation of RF2-ALDH protein was reported in tapetum. Rf2 has 

already been cloned using transposon (Mu) tagging technique by isolating a 2.2 kb cDNA 

containing a mitochondrial targeting sequence. In plants ALDH may be used to detoxify 

ethanol and acetaldehyde after brief periods of fermentation. 
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 One possible way of explaining Rf2 action is the "metabolic” hypothesis.  That is in 

normal cells, RF2-ALDH produces energy by oxidizing fatty acids.  This energy is 

essential when URF13 alters mitochondrial function. Alternatively, ALDH scavenges and 

detoxifies acetaldehyde in normal plants, so that RF2-ALDH prevents tapetum poisoning 

and death by metabolizing acetaldehyde.  Elimination of acetaldehyde is essential if 

URF13 alters mitochondrial function toward more ethanol fermentation, which produces 

lots of acetaldehyde and/or ethanol, both of which are toxic. 
[ 

 "Interaction” hypothesis refers to interaction of RF2-ALDH directly or indirectly 

with URF13 to diminish its deleterious effects. Since ALDHs have broad specificities and 

diverse metabolic functions; therefore, RF2-ALDH could possibly modify component(s) 

of inner mitochondrial membrane or the tapetum specific factor (if it exists). For example, 

if the anther/tapetum specific compound is an aldehyde, RF2 would oxidize it to eliminate 

the problem. 
 

 Another duplicate loci for fertility restoration, Rf8 and Rf* are also reported in 

maize. Located in chromosome 2L, they are either alleles of a one locus or tightly linked 

genes.  They can each partially restore fertility in absence of Rf1. These genes are known 

to edit urf13 transcripts- truncated at the 5’-end making it non-functional.  These are also 

rare in maize populations. 
 

 In the fertility restoration mechanism, even when the T cytoplasm produces URF13, 

the plant will have normal male fertility if dominant alleles occur at two nuclear genes, 

Rf1 and Rf2. The fertility is restored only if both the loci harbour dominant alleles.  

However, the fertility restoration is under sporophytic control and occurs premeiotically. 

Thus, in a plant which is heterozygous at both loci, produces only ¼ of pollen having 

Rf1Rf2. But if the plant carries male-sterile cytoplasm, fertility is completely restored 

even in heterozygotes (sporophytic determination)–i.e., all pollen will be functional, 

irrespective of their genetic makeup, in other words Rf1rf2, rf1Rf2 and rf1rf2 are 

functional. Thus, if the plant is Rf1rf1Rf2rf2, ¼ of its pollen will have the genotype rf1rf2 

yet be fully functional.  These nuclear genes must interact in some manner with the 

URF13 protein, T-urf13 transcription, or T-urf13 transcripts in a manner to rescue the 

damage done potentially caused by the active protein.  The Rf1 and Rf2 genes even 

though restores fertility, they show intermediate reaction to pathogens.                                                       
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 In the case of S cytoplasm, it requires one gene, Rf3 located on chromosome 2L. 

This gene shows gametophytic control of male fertility restoration. If the plant has a 

sterile cytoplasm and is heterozygous Rf3rf3, then ½ of its pollen will sterile.  
 

CMS systems in other plants 
 

 Other plant systems also show different types of genes influencing male-sterility. 

Common CMS identified in other crop species include green beans, sorghum, beet, carrot, 

onion, petunia, Brassica napus, rye, sunflower, and wheat. CMS can be of spontaneous 

origin or as a result following mutagenesis experiments (mutation of restorer genes), wide 

crosses, segregation of nuclear restorer gene through crossing and inter-specific crosses.  

Most of the CMS associated genes are chimeric mitochondrial sequences – but few 

similarities exist among them.  However, in at least one well characterized system of 

Nicotiana sylvestris, CMS arises due to a deletion of an entire gene. 

 

 Besides, mechanisms of the sterility development greatly vary from species to 

species. In maize and many others need expression of chimeric gene in the tapetum to get 

the sterility phenotype i.e., tapetal dysfunction/breakdown causes CMS. While in 

Phaseolus, ORF239 protein appears to be toxic to microspores, whether or not it is 

mitochondrially targeted. It is associated with the cell wall of microspores. In Nicotiana 

sylvestris, CMS mutants I and II show large deletions in the mitochondrial genome, with 

only the nad7 gene, involved in mitochondrial respiration, is missing. This results in 

significant morphological deficiencies, including slower development, smaller plants, etc. 

Results indicate respiration dysfunction to cause male sterility under low light (partial 

otherwise). 
 

 Similar to the action of genes and variable mechanisms contributing to male sterility, 

mechanisms of fertility restoration also vary among plants. In Phaseolus, in the presence 

of the nuclear Fr gene (fertility restorer), loss of the mitochondrial sequence pvs, which 

includes orf239 causing CMS is reported.  Similar to Rf1 in maize T-cytoplasm, alteration 

of transcript profiles of CMS inducing genes is present in many plants like Brassica, 

Sorghum etc. Restoration of Brassica napus pol and nap sterile cytoplasms is conditioned 

by different alleles of the Rfp (Rfn) locus, which reduce the transcript of the chimeric 

genes orf224 (for the pol cytoplasm) and orf222 (for the nap cytoplasm). The Rfn allele 
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was not found in common to B. napus genotypes except those with fertility-restored nap 

cytoplasms, suggests that Rfn evolved with the nap cytoplasm.  Restoration of sorghum 

fertility in the IS1112C cytoplasm requires a rare two locus gametophytic system of Rf3 

and Rf4. Fertile progeny exhibit increased transcript processing activity, in which full 

length transcripts of the sterility chimeric mitochondrial gene orf107, specific to IS1112C 

cytoplasm, are not produced. Also, restoration of fertility in maize S-cytoplasm requires 

the Rf3 nuclear allele with gametophytic determination. When present, it reduces the 

transcript lengths of two chimeric genes present in S-cytoplasm, orf335 and orf77, 

resulting in restored fertility. 
 

 Post-transcriptional editing (RNA editing) are also reported to cause male sterility in 

plants.  In plant mitochondria changes C changed to U most commonly perhaps to create 

new start/stop codons (UAA, UAG or UGA) by RNA editing.  It is possible that tissue-

specific editing targeting only microsporoes can result male sterility. For example, in atp6 

editing (but not editing of other mitochondrial transcripts) in sterile sorghum is reduced 

relative to fertile plants in anthers but not in etiolated seedling shoots; progeny that have 

been restored to fertility have an increase in editing of atp6. Loss of RNA editing is 

associated with CMS.  
 

GENIC MALE STERILITY (GMS) IN PLANTS 
 

 Among the nuclear genes causing male sterility, ms genes in nucleus are the main 

class of male sterile genes.  Genes such as apetela-3 (ap3), pistillata (pi), and antherless 

(at) in Arabidopsis which affect floral morphology produce structurally male sterile 

plants.  Genes which affect other characteristics in plants may have pleiotropic effects on 

male fertility–e.g., mutants of CUT1, an Arabidopsis gene involved in cuticular wax 

synthesis, cause male sterility because waxless pollen has problems interacting with the 

stigma–although this problem can be overcome if the pollen germinates in very humid 

conditions.  The flavonoid pathway is apparently important for normal pollen maturation. 

An antisense chalcone synthase gene was targeted to anthers in petunia, turning off 

pigment synthesis. Plants with white anthers were male sterile because male gametophyte 

development was arrested.  



 

 
160

 Most of the GMS systems are sporogenous i.e., they affect microsporogenesis or 

microgametogenesis rather than structural. Most ms genes act early in pollen development 

and tapetum is primary tissue where many abnormalities are found to occur.  Tapetum is 

innermost wall of microsporangium–provides enzymes, hormones, food for developing 

PMCs and microspores 
 

GENETIC ENGINEERING FOR MALE STERILITY 

 

 Genetic engineering for male sterility targets the two phases of anther development, 

viz., histodifferentiation of various anther cell type and cell degeneration and dehiscence 

i.e., programmed destruction of circular cell cluster/connective and stomium leading to 

pollen release.  Tapetum which in involved in microspore maturation and the 

stomium/circular cell cluster which regulate dehiscence of pollen grains are the major 

targeting sites for manipulation.  Understanding of temporal and spatial regulation of 

gene expression during the phases is essential followed by identification of suitable 

promoters for engineering male sterility. 
 

Barnase is an extracellular RNase produced by the soil bacterium, Bacillus 

amyloliquefaciens which uses barnase for self-defense from microbial predators. Barnase 

destroys the RNA by breaking down, and thus barnase is lethal to any cells to which are 

exposed to it. Like any other organisms, banase is lethal to B. amyloliquefaciens too, but 

it protects itself by producing another enzyme called barstar. Barstar is a specific 

inhibitor of barnase, and in the bacterial cell, barstar binds to barnase in a one-to-one 

complex, disarming the latter so it can do no harm.  
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Fig 4. Engineering genic male sterility using Barnase (A) and restoring fertility to F1 plants 
using Barstar (B) 
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              In tobacco, it has been discovered that for one tapetal-specific gene, designated 

as TA29, a region of ~120 bases 5' to the gene is sufficient and necessary to program 

tapetal-specific transcription (Koltunow et al., 1990). To generate a dominant male-

sterility gene ("genetic laser"), the TA29 gene tapetal-specific transcriptional control 

region is fused with the barnase gene. Genetically-engineered tobacco and canola plants 

containing the cytotoxic TA29/barnase gene were shown to be 100% male sterile as a 

result of selective tapetal cell ablation during a specific time interval of anther 

development (Mariani et al., 1990).  

To develop the restorer system for hybrid seed production and to maintain 

parental male-sterile lines, a dominant male-fertility restorer gene is developed by fusing 

TA29 gene promoter with the barstar gene. Introduction of the chimeric TA29/barstar 

gene into male-sterile canola plants containing the TA29/barnase gene lead to the 

formation of tapetal-cell-specific barnase/barstar complexes and restored fertility to 

genetically engineered male-sterile plants (Mariani et al., 1992). Since it has been found 

that the TA29 system holds good for many other crops lin4e dicots and monocots, it is 

possible to use the TA29/barnase male-sterility gene and the TA29/barstar male-fertility 

restorer gene to genetically engineer for male fertility control in crop plants thus  

 
Fig 5.  Using engineered male sterility in F1 hybrid seed production.  
Engineered genic male sterility is a dominant trait (BarN = Barnase). Female lines are 
maintained by crossing to a homozygous maintainer line. The BarN gene can be linked 
to a herbicide resistance gene to allow fertile plants to be removed easily from the 
segregating population. The remaining sterile (and herbicide-resistant) plants can be 
used as the female parent to produce F1 hybrid seeds. If the male parent line (C) carries 
the BarStar (BarS) gene, its product will inhibit Barnase activity and restore fertility to 
the F1 progeny.  
providing a novel new breeding strategy for hybrid seed production (Fig 5). 
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 Protoplast fusion has also been used to transfer CMS among species. For example, a 

sterile cytoplasm identified in radish (Raphanus sativus) has been transferred to Brassica 

oleracea plants. While this was done with difficulty by repeated backcrossing into the 

radish cytoplasm background, the resulting plants exhibited chlorosis due to 

incompatibility between the Brassica nucleus and the radish chloroplasts. By fusing entire 

cells of the two species, cells were created that had all combinations of nuclei, 

chloroplasts and mitochondria from the donor and recipient plants (Fig. 6). From this 

mixture, cells could be selected and regenerated into plants that contained the Brassica 

nuclei and chloroplasts, but the radish mitochondria that conveyed the male sterility trait. 

This CMS is more desirable for hybrid seed production than the self-incompatibility 

system, and is slowly being introduced into Brassica hybrid seed production. 

Yet another type of sterility control system also has been engineered into the crops 

which sterilises the seeds in the hybrid progenies or in the successive generations of the 

transgenic variety.  Here the farmer can not conserve his harvest to raise the next crop but 

should go back to the seed producer to get a new bag of seed. This technology better 

known as ‘terminator technology’ has invited wraths from many corners of the farming 

society across the world.  

 
Fig 6.. Protoplast fusion to transfer CMS between species.  
Cells are fused to mix the nuclei (Nuc), chloroplasts (chlpl) and mitochondria (mito) of 
the Donor (D) and Recipient (R) cells. During cell proliferation, these organelles sort 
into different cells, and some cells containing the desired combination can be selected 
and regenerated into male-sterile plants. 
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Engineered seed sterility using terminator technology 

There are two key components to terminator technology, which is being widely 

used, not only in plants but in animals as well. The first component is 'site-specific 

recombination', carried out by a recombinase, an enzyme that recognises specific 'sites', 

or short DNA sequences. Any stretch of DNA sequence flanked by two such sites will be 

spliced out by the recombinase.  One of the widely exploited site-specific recombination 

system is Cre/lox system originally isolated from the bacteriophage (bacterial virus) P1. 

The recombinase Cre catalyses recombination between two lox sites, splicing out any 

stretch of DNA in between.  

To engineer the line with terminator technology, the barnase gene is introduced 

into the line with its promoter sequence be blocked by a sequence flanked by sites 

recognised by a recombinase. The recombinase can be either engineered into the same 

GM line with the barnase gene for male sterility, or it could be introduced by crossing the 

GM line containing barnase with another that contains the recombinase to generate a 

hybrid. The recombinase is placed under the control of a promoter that responds to an 

external chemical, say, the antibiotic tetracycline. When tetracycline is applied, the 

recombinase is expressed, and splices out the blocking sequence in the barnase promoter, 

so barnase is expressed. By treating harvested seed with tetracycline before they are sold 

to the farmer, the company can ensure that the plants grown from the seeds will be pollen 

sterile. If female-sterility is required, the barnase gene could be placed under the control 

of a promoter that works only during ovule development, ie, in the female part of the 

flower, and the rest is similar.  

Another system of terminator technology is illustrated below: 

Terminator genes in the absence of the 

inducer. 

Terminator genes in the presence of the 

inducer. 

Gene I: Repressor 

A repressor gene produces a repressor 

protein. 

The same repressor protein is produced. 

Gene II: Recombinase 

Between the promoter and the recombinase gene, a DNA fragment which is a binding site 

for the repressor from Gene I is placed. 
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In the absence of the inducer, the repressor 

binds to the binding site and the plant 

cannot produce the recombinase enzyme.  

The inducer interferes with the repressor 

attachment to the binding site--thus 

allowing Gene II to produce recombinase. 

Gene III: Toxin 

A gene for a toxin lethal to embryos (Toxin Gene) is controlled by a late promoter (LP) 

that is active only during the late stage of seed development when the embryo is 

developing. Between the late promoter and the toxin gene, scientists place a piece of 

DNA called a Blocker flanked by splicing sites of the recombinase, which interferes with 

the ability of the promoter to turn on the gene. 

Without the inducer, there is no 

recombinase to snip out the blocker. 

 With the blocker in place, no toxin is 

produced. 

Recombinase from Gene II snips out the 

blocker and allows the late promoter to 

turn on production of the toxin gene late in 

the season. 

 

To produce viable seeds, the recombinase may be engineered into a GM line with 

the gene coding for barstar, which, when crossed with the male sterile GM line 

containing barnase, will produce a hybrid. The hybrid, treated with tetracycline, will 

produce plants that will still set seed, at least in theory, because the barstar inactivates the 

barnase.  
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Diatop_s can be seen in two 1•iew.s: under a microscope. 
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I . Pennate dia(oms (E.gJ Pinnulari~ . . ' 

/2. Cenry-tc_diatof!ISJ(E.~_Cyclotella / .. :· · · . 

. lnpennate diatoms, the sttiations o.r wall 1Tfarkings 11Te arranged in two rows one on 

e1theJ ~ide oft he axial strip. Bu(;in centric diatoms the striations-a.re radial/u disnosed . . 

I 
, I . . .. , .., r 

I . • 
: 

' I I ! . \ u+tttttl.l. . ; 

' I: I • 
I 

/ I 

d 
1 I I 
I 

PJnnu(Ja 
1
/ 1 

/ / r I • 

I I 

I 'r I I I. I ' ! . Cyclotella . 

/ 1, ' /1 1, lf;g.51.3: Pfnnate and cejtric diatoms.' . 

/ Inner.to tpe cell wall is a dense protoplasm J.iWl.nit~~ by_piasma membranG . I / : 

11ihe q'iJ>tpplasm h_:is a larg1 n,rcleus a/ its cl!nfrt. . . · ' / 

II.he nlicleus _is eukaryi(ic. It is .corect.ed ➔th sm.all _cytop_lasmic stra.n.~s ca-tied ; 

cy.toplasm;c bri'!iiiJ 1 . • • • _ • . • 

1 
T~p nucleus .has one or "'or-e 1ucle~/1 i11L 1 1 · ; · ! · 

A ilentriole 1S attached to U,e nuc/ear.membrrne. . I 

/ Inpennatediatoms, the·nfldeusis Jarg_eand'it•1s located in the.~ntreoftheprot~plasm. 

In centric diato~. U,ehucleusj.s found close to ilieinner.surfaC!Q[ptiµ.ina membrane. 

1 
The protcplasm cohtains one br two large c~romafop!tores. ! 

1 
I, 

1

,1¥ chromatophores are yellow brown 7r olivegr~en ~ colo~~-apd are /ohd.: I I 

I 
, 
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/ in centrales, lhe. chr~malophores are small an~~-:---... J 
Th hi-d. "d . Utnerous in)~~hl. ~ I 

ey '!lay :r , tsCO( or_g~a~ ular pi shape. · f ac cell. ; 
1 

There is a smglepyrehoirf ¢.side the chromatopho I I /' 

The chromatdph9res' contain pigm~nts such ·35 ;; l 
1 

fiucoxant'1in; nJofucoxanthin-a and -b fiato--anth,· 
1 

odrop~Yll-a and. = 
• • ' .... n an d d' c /J , 

The r~frvefood of'qiatorns are .o i, vo/utin and l f
0

•
111 oxa,,,~,.; ·c 1j 

distribute~ Ill thd cytoplasm! . ,. eucoc,,,, The res · 1J 
, , erve 1 -n 

, Nutrltion 1 
1 ~ 

Diatoms are autotropt,ic bl.Jc can utilize orgilnic h E 

- I .-'1 su sta,,ces. 1 

1 1 , Locomotion 1 

! The centric diatfms do ,not mpve indepdndently. /1,. I. i 

Some ofpefi,nat~ (iatpms shor,v spontane()us /ocomoti !!f(1 J 

Tnese penrfate diatoms have r1aphe. I on. 

. The mo_vement is by gliding or by a series ofjerks. I 

Accordmg {o Muller, the cytoplasm of1he diatom sh I · / 

causeforthejerks. . / ows c;Jclosis, which is , 

DLring cy1/19sis, tho. cytoplasm moves from a ol J I I 

hifurca!~ at_ thf rentrf.l noaul~ . p ar __ "odu/ 0 t/!fJ/ra/ hoa 

~stif'rn15centricdkto~. I 
I 

I . ~~ r I Highlight's 

Al-36 / 1 • 
' 

:1 



The connecling bands of the t\vo valves are firmly united to form a girdle. 

The overlappihg region of epitheca is called epidhgidum. I I 

The overlapping region ofhypotheca is Falled hypodittgulum. 

Each valve has a ~edian fissure called r~phe. 
1 

I 

The protoplasm is covered by a plasma membrane. ,. 1 Ii 

• The protoplasm has a lar.ge nudeus, chromatop'h0ire~•and aiPyrenoid. 

The ch~M\~tophor~s contain pigments such as chloroph'yll-a, .c; f3 ° carotem; 

fucoxa1.1thiu, ne~JucoxantJiir;-f!:;. b; diatoxantliiril and diadinoxanth'i11. /· 

• Reserve foods are·oil, volutirt and ltucocin. , 1 I . 

• Reproduction ~k~s place:or~e foll?wing meiliods. I 

I • Vegetadve r~producllon . l 

. • Asaual. reproductio_n I I t 

X 
.. ~e.nta! redpro~uc!~~n. l b . ' 11·•·,1· '. .. I I·· 

• eget.at1ve re pro u_cuon 141\.es.p ape y ~itotic/~~. ,.i~l!l:Sf P'.'·.1 - .. 

• sexual ireproduct1on tak;es place by m,crosporesan~:stplospores. 

• Micriospo,:es arefl'age/late 1,oospores produced by mitosis. The microspor'.e ' l 

grows into a new diatom. 1
• 

11
1 

• ·•• . , , 

• Stato.~pores are resting spor'es. During favourable condition it develpP.t f 

into a new diatom cell. · · t 

• In sexual repr9~duction the m.a!e diatom bbco:m'es the antl1eridium and ~ 

prod~es haplpia gametes·by meiosis. . i 

• The female diatom becomes the 9ogoriii:m an!i produ~s haploid egg 9"y ! 
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Then the protoplasm splits into two portions"along the median tine. 

Hence one daugl,ter prolop/asl lies in epitluca and the other lies in hypotheca. 

I ' 

Epitheca Hypolheca 

I 

I 
Nev.;ty formed 

hypotheca 

Nucleus 

Daughrei celld 
r-::;:::x:,L,.L.... I I 

I . 

1 Newli formed 

. hypotheca 

1' 
. I 

·'·· 
I 

meiosis. · 
I jl 

• Thd egg and sperm fuse together to form.:a_ ¢.[p!,J(d,zygou. . l · · 
• The zygote becomes an· f:ZUXOl"pO'!-e•·by-secretirJ~c~f.hlck wall I 

Fig.51.4: Diatoms - Cell division. I 

At lhi.s stage, one side of the prothplast has no ceil wa:Ji I I 

• The aux~spore·grows irfto a iiew.dij,lrJlt/idii:to'.fif~11. I Li .... 

TI1e life cycle of diatom:sbbws·alterriiz'tilfrldfi,l_#l_ratw~. 

"The ~iploidldi~to"! celf:~lt~r:nates with.the· ~ap~taganr(les. 

• The hfe cycle 1s dtplonflt; · · . ; 1 : ' · 

I 
I 

Reproductionijl · ; ,1 

In diatoms, reproductiof' takes place by three methods. 

• Vegetative reprod~ction I 

• Asexual reprodpction / j 1 

' : 

1 • ~e.xual reprpdub[ion · . I I I 
1 

, I 

egetat1ve Reprodu.9tlon ·, .1 i' · Ii l ' 1 
• 

. The vegetative reproduction in diatoms takes plac~ by simple .mi( otic cell iii vision or 

ISSIOlt. • I . : . . . . I : . . I. } I I 
By this cell dlvlf'"/', a di.atom gives fe to two daughter c;d ~! 1 , 

I 

It occurs during nigh~- , I 11 • · / . / 

Befojrc cell ~ivision tlle proloplast incieases in she, re:stjltfg fl a slijht ieparat'ion of 

alves. / J • . • • l . I I I, . 

The diploid nucleus d!Vldes 11Wot1cally mtol two Ja,Jghter ni4ciel i 

I ~; 1 •·. . '/' I I 

1, I ,1 I 

~he pr~.t~plast socretes ~ new valve, at its free surface.' 1 
& 

. The ong~nal valvrs (ep1theca a.pd hypolheca) serye as ~pitheca in daughter ~ells. 

I . 

I : 

'i 
I 

IT] 

I I , 

I, 
'I 

I / j 

I 

I 

·. ·· .· ,_: ';~ I\~ . Nt,11 ' 111 

1 . l:TI: ~CDITjfn0d'.J[,rl 
FJg.51.S: Diatoms -S. ·. >/ II d' . . j JI.. I 'r---'/ 
. . . ·. ~es~ c~ I ,vu,ons showzl gradlfal decrease n, tr.eWz1 of c~lls. 

I I • 
, ·, 

I ,, I 

II I 

I 
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3. In some cases, of the two gametes of one meiotic cell, one-is--active and the:other is 

passive. n.f. active gamete comes out of the frustule and fuses with the passive gam cte producing 

two diploid zygotes. _The zygo_tes1en_large and give rise to 1 rzuxospores. 

v::1/. The auxospore~ develop Uito dui,tom cells. . 

3. A Solitary Cell Gi_ves rise to One Auxospore I 
Here, a single diathm cell may give rise to two auxospo.res. · 

q~· om cell gets roun~ed b~ a mucilages~earlr . _.,·. 

jlTh diploif1nucleus urcr&rs meiosis to ]fonn 4 haploid nuclei a~ develop 4:hapfoid 

garnet . . , . 

Their fusion resu Its in two d,iploid zygote's. • ··,· . · 

Efa~h zy~ote is transformed ijo an auxospore which develops into a diatom. 

4. A Solitary cell Gives ri+eito Two1Auxosppr.es . , ·~ 

In forne ~iit~ms~ sir.-g,l.e auxospore is ffnned ~om. a sing/~ ~ell · · 

. H~re a diatom ce//·gets slirrou_nded by~ muc,f.age .sh eat~ . -

T~eld!ploid nu~leus ·di~ides meiotically to produce fhaproi<J"daugl,ter nuc[ei. <?f 

I 

I I 

the 4 rucl~1 tHl'f are disorganised. . ·. . · ~ 

inle pro top last divides into ~o- ljch protoplast enc)oses;,, h~ploid ~ucleus. The pro op last 

wtith th~ n~tlcus
1 
lfun:tio~ as ~e gaipetes. The tw~ ~ernetes ~ (oge:he~ to forni a diploid 1 1 

zygote.. "Jthe ztfbte gives nsT to an bhfµpore and 11 devf(ops znl~ a d,atom. . .' i 

. r ·, 1 • , . 

ri', , 11' I . ,,~,,.~\ 

, :, . ltl,~ ~, : , ._f.- ·i w&,•~::Jti''/ , . 
1 I : r.: · \ . r. -:: t 

11 I ,' : ~-·-:;;, . l:. ~;-}· 

~ · Fig.5 J .1 O: DiatonJ - Par11enogenetic development. 4 a·uxospore. 

s. T~o Cells -Give ris.~ tolrwo Auxospores wilhout ~~rslon 

J I 

; 

1 Dus type of auxospo.re is fo\llld ·ir;t Co.cconeisjPlacentul~. • • . · 

, ijere is no gametic union and auxospores are produced ~y'parth~nogen_es,s ( w,~thout . 

/us.ion). I · 1 • I . . • 

11 
Jlerl::, lV(O diatom cells get surro~~ed in~ co_mmon mudlage. l 
~ diploid nucleus in ~ch eell d1v1tles nutot,cally. · . . , . 

I There ·s no meiosi$. four daughter nucle{are formed~ each, three of which a~e . 

disorganise) . . , ; . 

To6 r~maining onefun-ctional diploid nurlei in ~ch cell g1~~ nsc. to nn.au.xosporr 

H 
e 'onned (one from each cell) withoul/us1on,parthenogend1cal{y. 

ere ~of UXOSpores.ar. ,, . . . . 

Thq kuxospore d~vclops 111to new diatoms. . 

I 

Chap. s 1: owciMs ' ' I, If !f,_-'i j 
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s·. Auxo~Pi~re Foq11ati'o~ In Centric Diat~ms 1 
· In ccntnc diatoms, auxospores arc fonncd by, j I J 

I . Autpgamy 

11 
~o~~ ~ 

1. AurospJ Form_apon oy Autogamy _ I I I i 
Au toga ! ur aux,ospo,e fTtion is found in Cyclotella meneghiniana., . : ~ 

' f !Mucilage .. ;s,.. ·,Diploid ,;uci~ 
Vefetative/,k U en.Jelope Z)%ote _ .. 

Daughter 

' t.:: l ' t , neck; ( j 
. I ?;: , , 

-- ;. • . ~ /: ,::a··: : I , Auxo~ Orel 

:i.Y.Jf ! ; :·, •• ~ f •;,~··:: J "\ J r i 

. \;,;'I I / 1, t:::·:~-l~ \:'.~~;/ ~~ 11 

Fig.51. I l: Di~torrts - For::ma~lon of a sil¼gle auxospore from a single, cell by autoga 

.I? !this diat~n~ the 1ip}did ~ucle~s ~ivyJes meiotic~lly to produ~e 4 haplq~d daug 

nuclei. I 1 , 1 
·i I 1 

I Oflhese 2 nuc, lei gel~ldisorg41lised and l",'O remain funct;onal. ,' · 

I . I I I 

·1 
I 

1 1 • Abo . Release of 
I , ! I rtive 1 

_j _ -~ 
1 

I • nucleus male gametes 

An~........,.,..,---,,...., I! ~~"""" ~ ~ 
'-:f:·;:·:.:_~y' ~ .. ~--"o ~·-::: ~-t6~ 

.~ .. :4t • .::- • '•' . . • I•~• ,~ • .,:, •• 

"'·· •• • .'L-5 ;.· ":rt:~ , f . 
:.,·-· .:. "'""" ~;:~~-; • '.. ··t:- -

Meiosis · Aoortive ovum · 

,--,.~--.r~ 
I 

~ -

Fjg.Sl,Ji· Auxosporeformution by oogamy. 

"I 



I 

6 I •. 

The two functional nuclei fuse together to fonn a diploid auxospore. 

I I 

Auxospore Formation by Oogamy _ ' j I 

nis typeofauxospor;e formation is found inMe/osir,i varians. He~ the cells net as malf 

• I 
I I 

~~~m~ 
. I . 

';-he diploid nucl~us of fe male gamtlangiun'r or oogonia~ cdi dividf m_eiotically 

o ,( daughter nucleL I 
j I . I 

Cut of these, thr~e are disorganised. The functional nucld4s with tJ-ie,protdplasm f evelops 

to an egg. 1 

i / 

The male cell, which is alsej called as spetmatanglum lor anth,erldium produces 128 

tikspermatotoids or antJrerotoids by 't'dotic d~ion. , I 

So the antherozoids ,r_e Etiploid. Each antherozoid or ~e-~te_is provided with a 

gci:u'm of then tinsel type. The antherozoids are set freefro~thema1e~1:'t by the separation I I 

f lhecae. . . . : 1 1 I 1 

_., 
" 

Jhespermaloloids reach the female cell through theg$ bet'feen its ','alv~. One of the . 

e garnet c fuse with t}!e egg, producing a diploid zygote. I · ! i I 
1 

• I 

The zygote enlar_ges ~nd develops aperiz.4nium r-round it to f<;mn al) aukospore. 

r . I . I 'I I I 

I ~ 
:-'~:::·--... .~7'~, i~=•f.~ If :t."""'''•1;.l 

I I !' .,:~·7:· -~- .:;° 0- . "· I .,,:: ii ·':', . I ~. ·,; :~ 

f ?\; 1 t ~, /: ] l 1?:. l . f ~t:~ , -
f • • -· - :•. :ct ~J :• ,, '· ·o .: ,. - f 

I / 
\ ;._;::• / -~~ \•;:.: f "::, ,.,• '.-t i~ \ ~ f: 
•. ., ,. ., '<I .. ,, ·~ •.,. : 

. I ,,, .. ;=· -❖_,,,,, l''·''~ 1":L~!,,'!•~•.f 

I .,!_. .. ~. •-~ ,... 
I I . , I 

).~--. -~~ 
,., .!"l·.., =~ I ; '1 

·1 ' · · :. -.;. Auxospore ·1 

J ;i •. _: .:~ I I : I 
~ · 'If 

/i" 
,{ ~~ •. -i:.::\, -;i l ':.' ; ··: >:: .,! 

t~ . ·:. •,: § . 'i. '':~.~?,: -~• ! I ; 

,j,_ : ,:,· .:-, ~-::) ····.:l-·"! Frustut. / Ii ' I 
•. ,r :1... -- -·· "1' I I 
~(". .•=' .. .;: ... - ·.,• 

•;:.:,{·~·· . . I I I ' i i I ! 
I Fhd,.51./3~ Formation of auxospore by Paedogaml. 

i 

1 
C~mcluslp~ / . . . . . 

There is a clear al;ur.atlon of diploid and haploid stages m the ~ifr cy_de of ~,atoms. 

Diatom is unic~llul:u; m~r.ro~copic)yel/ow b~o-~n alga~ ,pie flia~hms,are dlf'~old: It 

undergoes J ~-oa of reprod:1c!1:1ns, r.a!nely vegdat:Vl rlprodhctior,!asexual reprod1,u:t1on 

f~ 
I 

and so::t,al r :pfyductio,.._. t I 1 
· ' 

VegJ!atlve reproduction t~kes place by cell divis~('- i t 

Asexual reproduction is carried-out by mlcrospores and~tatospor.ts. . • 

Sexual reproduption is a ch3.ractcristiq feature· of diatom~ a r~ of SyXUal reproduction 

a11xosporesiare formed. :' ~ ' I ' 1 
1 f I I · 

i 
jl 

11 

I I 
I 
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l;)uring oogamous type of sexual !cproduclion, the ma:t al( or anthtn.dium upMrgocs 

mtlo(ic division and produces haploid male gamel~s or ~P_d:m atotoids. 1 tJ 

The female cell or oogonium un<1ergocs rcduclton d1V1Sl')n :ind produces a ~ingle haploid 

e'gg pr female gamete. . . · 1 , 

. The spennatozoid fuses with the pgg to form a d1p/01d zy~ote. , 1 

; The zygote secretes a wall caJJddperitonium aroun_d 1t lo form an auxospor,~. The 

auxospore grows into a new dip'4ld diatom ce111 
I . , 

' In the life cycl: of ~iatom, hizp/oM stage is rcprcsen!ed Qnly by ~e male and fem:ile garetcs. 

So lhe life cycle of diatom is. known as diplo11tic typi oflalter11at1on of generation . I 
I I 

!1 I 

I 
I I 

' : 
I 

Amfospore 

(2~ 

Ji I 
I I : ti · C-ell divisJ 

· ; : I , 

Vegetative // 
1 
I 

Reproduction 
. I 

Diatom 

(2Nf ~ 

I I ~ I· ,~ I 

I . An!beooium , I 

Oogorutm,\ (2N) \ 
(2N} . . 

· 1 I~ I -I 

Sexual U U 
· Auxospore 

eiosis ,
1 

eiosis
1 

Rtproduction 

\

(2N) 
I , I 

1 ' E / (N) Antherozoid 

. : • Z"'Ote /gg / (NJ 1

1 

'Jo Fusibn · 

(~N) _=-<-~· --

Fig.SJ. H: Diatoms - Graphic-life cycle. 
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Highlights 

i' 
1 

1 Auxosp res . :· .. ; . . 
A ~Xftores re the products of sexual reproduction formed from the zygote in 

d,atb s. I . I 
• I A C,~pore ,.-neans grow{h spoAes. ; . ·, 

• Th9y arq t:Nploi~ spores. t' / 
• They are also called rcjuve esc4nt cells. ' I . ' 
• They piC fonn~ by conj gaffo~, aurogamy1 oogamy, paedotamy or 

1 

partlw1ogenes1S. L I . , I . : . 
• / o/1 'toVi)l;'Cftlon two .cths cooj~g~te to produce ~:single «µxospore. 
• t~ aurogamf, the diploid nucleus divides meJ~(ica/Jy to produce 4 haplo{p 

daµg/irer n11cleL I / 'f_ , · · . 
• Of thcstJI 2 nuclei get_ di~organized ~nd two remain functional. The t)V.O 

fu.nctional hucl.oi _fµse _t_bgether to fonh a diploid auxospore. 
• ln oogarlious type o(sexual rewoductiJn the mal~ and-female ga!"l1etes fu~c . 

togctli~r to form a diploid zy~ok The zygote tlevelops into.an alixospore. 1 

~ l.nparihenogenesis, auxpspores are formed pkthenogenitically. • 

I 

i I 

I I 

l lnpacdogamy, the sisterga'metqs fuse together to fonn if zygoie. The zygote ; 1 

'develops into.an adxoJpore. I I · 
• I The zygote grows rapidly and secretes a fhin membrane calledperizonium f , 

~roundl it. It grows into a large cell called 'c.uxospore. . , 
1 

• 'Th~ aux')s~ro.~eci;_etes _freshfr:ustul~ wilhin th~ perizoiiiu~.. I : 
• Thq formiill61i'.ofnew d1a~om from an auxj:>$pore 1s_ calledfirstlmg. 

"j 
I 

' 
Highlights, 

I .. I ·. · 

, ' Ufe .Gy.el~ 0.f. J?)iat.oms 
• Tpe life cycl~pf ~iatom.is dip1~ji'tic type. '

1 

• 
1
1 Diatbms·t~e gglden b~"Wlt a_lgae, . 

, They llv~.~o!1!Jnfres~~~t_~ and -sea~ater. , . 
• They arevmr,.,cflu/ar ancl. mu:rosCPp!f· .. . . 
• The diatom ci:,11 cons is~ _of a c{J/ waif, plasma membrane and protop/asht. 

• ThG fll:watt_ls•f?adf. ~p of p.ectitt an4~i/ica. . ~ . • ! The ep.csit@r of s,1,_ca produces typical markmg.s on ~he surface of ~II 
wall· . · 

• The w~U~Qg$ arel~Jle4,V.ri!ttid(ts. 
~ 1 1jhe ceil wail~~f diatom is caifed fruit.ule. . ~- · 
• 

1 

Ea.,h frustul9JS ~de~P. of ~o fqual overlapping lialves-call.ed valves. 

• The outer vaf.v,e.1s. caJled ·epuh eca. 
• The i~cr v~v.e is called li,p~_tb.~~- . 
~ .. 1 The pro.topl~~m is covered bra p1as'mi1 membrane. 
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. " re pr#.oplasm has a large nucleus, c/,romalophores• apyrt:noul d 
I {ods• lilc9 ril, wlufin and I ,ucocln. 1 

' • an '"'"" 
' • eprodu9111n taJes place b>, the followiQg methods. . I 

i 1'eg;tbll\je repr~dudtion 
• Af:'al ~eprdduftion 1 / / 

• S -ual reprpduation 
• ~e v~ge afe_ r~produftion takbs place by simple mifotic cell d/·vis:on. 

o ~u.~ter cel,ls aie fonne~ frorp a single cell. . I / · 
• Asexup/ r'dpri_o"dfiion takes place by · ·/ · 

I . 

I • Micros ores I I I 
,• Sf_atos '9res I I 1 

1 

I I 
I 

1 I I I Auxospore ! 
I I I I (2N) 

I I . I ·I 
I I I I • t 

tjell di~ion I 

Vegetative 
Reproduction 

I 

Diatom .·· 

(2N) ~ 

--~ - ~ 

I. 

. Antheridium 

(2N) . I 7 
Oogonium (2NJ \ t". 

+ ·· 
Se.xual Auxospore Meiosis _Meiosis 

(¥.f) Reproduction• t 
I\' ! 11 I 'Egg(N) AnJ.l~ I 
·~ /'Y~_).1 

/ Zygote /. 
FN) ~"T-__ Fusion I 

Fi' .51./5: ~_iatoms. Gri1p '_fc life eye(~. 
I ! 

I 
I I 

I /' 
I 

J 
)t 

: ' 

J.. 
3. 
4. 
s. 
6. 
7. 
8. 
It 
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• - Mic· vsporerarejlagd/ate 1,oospores produced by m'itosis. Th.. o microspore 
grows in'to ajnew illatom. • . . . . . 

• Statosp~res are tl,ick walled resting·spores. Dunng favoura\>le cond1tH;>n Jt 
develops into a new diatom. I 

,... Sexual repreductiop_is ot>gamous type. 
c- The male cell is.caHed antheridium . 
.- 1he female cell is ~lle~h,ogon·Jum. 
~ Antheri_dt\1~ pr~uces lj,_rjj!()id·male gametes by.nfeiosis. 
• <;>o·g,'9qf~P!%~ ii Ji ·.··~': h'a.J).wid!eg:g.by-m·#_osis_. , 
'" :t)l~J.P.~~{Q.~~~ ~~-: . • ~-th.~.;C~·td-f.o~·a.4~pto,d-9-1got~. . 
• ~ri§.~~~t~i~~-f ~ <tr· .. called p~r.1:nn,u.m:,hlound ll ~-0 fam\an 

(/Jffe/)§_J,{~f.~~ , ., · • ·;. r,. • I I 
,. t,h'~~~q,~, . · ...... ~- . '.m ·:_··1J~~fif.P.J.ohfl!ia_J<f,nrce.l(. I · 
, Ii{t,e. ~-Q..iro: · . .:. . . (#f lfiJiitson,j,fg~ti•,ft'btiptt$~ -;-• 

· Tfir•.':dlit~iiis.- · · · - ,:,. · .. -
: I}ui'~o:--i,#rt~t~7ifd_~.~ ·?.~- . i 

1
• . l '. l 

• The·~Jp1~1.~·g~~~~-og~~ates w1th_the ltaplo\d gene~ts;on. I , 
• The ~tfv cy~l.e 1~/iJ,!ji~iJ ... ~pt. . I , . _ 

\JJ~ Eco·r:1on1'1tj lt11_portar1ce 9-f Dlatorps 
U _toms arc of great economic lmpory_ance. ' I I I 
1 

e ~ _rtant uses of ~iatobs are given below: I ~ 1 
I. Diatoms form basic ifof d for aquatic apimal~J -Thus t'hey jndireclly forrp 
_ food for man. • .. , · 11 I 1 

· ?- Diat~~ ha.ve cle;ar?nir.ute wall markings on lpe~ vdlvesi As1 tho'y have .fine I 
. marking~ di3torb h~vc been used·to t~t-th~micro.tcoj,e lensei1 

1 
_.•. The dead c1{s bf_ diato.n_i~ sin~ in water ~nd get depqfited 1bt the ~ttom. ~f 

. the reservor Thts sbd,m1enl IS called ' maceo~s ,earth or didtom,u. 
• Dlat4(1'ite-is·por11.r ~'ld light in weigh~. It is r whitish·in~rt. :Jbstdncd 

'he~nportant~~ofdiatomUearegivenbelow:-1 I . 1 · 1 i ./' 
~. Fire-proof bric.ks bdng used~ blas:-fur1aces are.~ae. fror:19fat9~e. 

J. Since dx~~mite h.ls rnad:ed porosity, it is used~-'~s fillerfrg '('rdU,m for oils 
~ ~dso{ _'f{ifS and 3;5_ c;!eanln~ a~en( for somc-~lutapns. I i ! 
J •. D1_atonut~is.uscd as _a catalyst-m h;:drog1!11'1lltft of.vegeta~!e loµs1· I 
4. -It~ used_m the'lnsu_!at~on c/refrigeratiJrs,.boilers, pipes, etc. 

1 
i 

5. It ~ used 1:1 the ~~..ru~don ~~eat-p~oof and sound-proof rooms.. I _ .
1 6. _It~ use:d in m~la/ !'o/:sh/ng 1ndz.s~~I~-

1 
I I I : J . 

7. It~ employed m wlnelmakf:rgand mp:zper-inaking. I Ii: 
S .• It unproves the cementing actwn of cements. · 7 · I i I 

~·It is also usqd jn the ~~ufacture of tooth powdusi bleachlngP.owdJ1', dj,riJniteand 
fps,:cks:...) fr\A f"' I . ' I l ' 

II I , , I I i 

I I I . S<)l<)jl:) i ' ' I I 

, I 

f 

I I 

I I 

I 



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



Scanned by TapScanner



(a) l•.<.·ological ,ignificancc: 

( I) l>ionctr colonil'l.'r<,: 

I ichl'lb ,lr(' -;aiJ f() hL: the pioneer.., 111 61ablish111g \ egetation llll h .. u-..: llH.:b area-... 1 litlw,1.·rl'J. 

I 111.:: .m: 1he Jir"t membeP::, to coloni.1e the bam:n rock: area. Durin~ Jc.>\ c.>lorrnl.'nt thl.': ,, m~ 

ahot1t the ,fo,integration of rock stones (biological \\eathenn;, b: formin; ac:LJ-; -='-~-- n,.d,c .1.: Li 

.:,irhonic at:iJ etc. Thus. the) pla: an important role in nmure in the 't"rm.:ithHl t'f ,l1 I 1 1 

11henomen<)l1 calkd pedogenesis). 

<ii) Role in rnYironmental pollution: 

: 1..:licns are \er: sensi ti\e to atmospheric pollLttanl'- such a-; -;u lphur dio,iLk I he: :rn: t:: " ', 

~ n,, in tn\\ ns. cirie, a nd around industrial sites such as uii rt>fineries and brid.,,L)rl-..-.... "l · · 111. 

li1.h1.'n-... can he u.-,ed as reliable hic,ln~ical indicators of pollution. B: -.;tuJ_> ing lit:hen, ()11 tr1.·1.·, .1 

qu~llitati, e scale has been de\ i-,eJ for the estimation of mean '>0~ le, el m n g1, en -....1.'a-...lin I i111, 

lichens arc. used as pollution monitors 

(h) Food and Fodder: 

I hi.' I ichen" serve as imp0rtant source or food for in, l'l1ebratcs .. \ large numhcr l'r an i m~il, i; ,, 

c-...arnpk. mites. caterpillars. termites. snails. slugs ct~. l'ecd pun!) or completcl: on ii,:hcn-.... 

Lichens as food have also been used b, man during ran::nes. fhe:: Jrc rich in pnl: ,acch:iride,. 

ct-rtai n enzymes and some, itamins. 

Cctraria islandica (Iceland moss) is taken as food in ~,,eden. \:or"a). Scandinm1an c,)untric,. 

kelnnd etc-. L.ecunora esculenrn is used as food in Israel and L1rnbilicari::i e,cuknta in .lc1p~1n 

"'rc('it's of Parn1dia (known as rathapu or 'rock flo,, er• in Tdgu l are used ~is u1rr~ r•)\\ ,kr 111 

l11dia. In France the lichens ::ire used in confectionar) for making chocolmes and pastn1.'s. 

( iaJ()nia rangiferina (Reindeer moss) is the main food for reindcers (a kind of decr1 in p,1!:11 

.:nu,itrics. Cetraria islandica is also used as fooder for horse~. Species of Stcre()caulon. h erni.i 

Parn1ciic1 and Lecanora are also used a5 fodder. 

(c) Source of Medicines: 

'i1nce \ er: earl) times the lichens are used ro cure _jaundice. fen:-r. diarrhl,ea. cpik11":. 

h: drophobia and\ arious skin diseases. Various lichens arc of great medicinal 



value: 

\) Lobar a pumonar a and ~e.:rar a n r~ ra:orv c 5case5 pa-:.::u ar i 

siand ca 

( 1) U::nea tx,rbata 

I. IJ X<fltha- .a pcwettna 

(•(1 C cdonia spp 

(v) Pe c gero can na (dog 

\'/IJ Rocce la montagne1 

(vu) Pcrme .·a saxat hs 

chen) 

cuboercu os s 

Fee srrengthe11 ng ha r ano ;er uter ne 

a11ments 

For 1aund,ce 

For whoop ng cough 

For hydrophob a 

In angina, a ser,o•Jsheart d ,sease 

FOf epilepsy 
\v ) Spec :es of Evem ia, Cladon a and -o contro1 fever 

P occe ta 

A yellow substance usnic acid is obtained from species or Usnca and Cladonia. It is a broad 
spectrum antibiotic and is used in the treatment or various infections. It is effective against gram 
positive bacteria. Some lichen compounds e.g .. lichenin. iso lichenin ha,e anti-tumour prope11ics. 

Protolichesterinic acid, a compound obtained from some lichens. is used in preparation or anti
cancer drugs. Erythrin obtained from Roccella montagnei. is used to cure angina. Man) 
antiseptic creams such as Usno and Evosin are available in the market and are well known for 
their antitumour, spasmolytic and antiviral activities. 

(d) In Industry: 

(i) Tanning and dyeing: 
Some lichens are used in leather industry. Cetraria islandica and Lobaria pulmortaria sho\,\ the 
astringent prope1iy. This astringent substance is extracted from the thallus and is used in tannin 
industry. Lichens are also used in preparing natural dyes. Orchil, a blue dye obtained from 
Roccella and Leconara, is used to dye woollen articles and silk fabrics. 

It is purified as orcum and used as a a biological stain. A brown dye is obtained from Parmelia 
spp. whereas Ochrolechia spp. yield a red dye. Litmus used as a acid-base indicator. is also a dye 
and is obtained from Roccella tinctoria and Lasallia pustulata. 

(ii) Cosmetics and perfumes: 
Evernia, Ramalina, Pseudorina are reported to have perfumed volatile oils. Due to the aromatic 
substances present in the thallus, the lichens are used in the preparation of various cosmetic 
a1iicles, perfumery goods, dhoop, hawan samagris etc. 



(iii) Bn·" ing, and distillation: 

--;nrnc specie-; or lichen for exam ple. Cetrarin is landica con win carboh) dratcs in· the 1·nrm q' 

li,.:l1L·ni11. 111 S\\L'ckn and Russia alcohol is produced from these lichens. I hes~ lichl'ns ,lrL .ti"'' 
used in confcctionar). 

(i\) Minerals: 

! ecanora csculcnta 1s found in lime stone deserts and yields large amount or calcium O\.~ilalt.' 

er) st~tl--.. I hcsc nrc 60°/o of its di) weight. 

1c) ~atural products: 

Lichens are known to produce over 550 natural products. Some important natural 
products are: 

Product Produ ceil From 

Salaz i7 ic acid Ramalina siliquosa 

Squ am atic Ac cl Cladon ia crispate 

Lecanoric ac'd Par metia Subr 1.1decta 

(1) Poison from Lichens: 

Some lichens are poisonous due to presence of various substances in them : 
Liche n 

Poiso nou sd ue to 

Lethar~ v u 'phina (wolf m oss) Vulpinic acid (used as poison for W otv es) 

C et rar iajunper 'n a Pin a:t rinic ac jj 

Parm eHa r, olliusrn !a Seeniurn 

Xanthor ia pariet h a Be ry lium 

Everm a furfuracea Chlor ine 

B. Harmful Aspects: 

(._t) Lichens gro\, ing o n yo un g fruit trees and sandal trees are harmful to the plant. 

(h) During hot season some species o f li chens (e.g. , Usnea barbarata ) become so dr: and 

111llammable that the) o ften he lp in spreading forest fire . 

( c) Some I ichcns act as a ll ergens. 



(d) The commercial value of glass and marble stone is reduced because of itching of their surface 

by lichens. 

(e) Some lichens e.g., Cladonia rangifera, Cetraria islandica accumulate large quantities of 

radioactive strontium (Sr90
) and caesium (Cs 137

) from atomic fall-outs. These may be 

incorporated in the food chain, lichen - reindeer - man, leading to their accumulation in 

human tissues. 
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F1 hybrids have an appearance somewhat           
in between the phenotypes of the two 
parental varieties.

Carl Correns Crossed 4’O Clock Plant (flower)

red (RR)  x  white (rr)

RR = red flower

rr = white flower
r

r

R R
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Rr

Rr

Rr

Rr

r

r

R R

All Rr = pink
(heterozygous pink)

produces the
F1 generation
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Both the alleles can be 
expressed

Eg. Red cows crossed with 
white will generate Roan 
cows.

Might seem to support 
blending theory.

But F2 generation 
demonstrate Mendalian 
genetics (1:2:1)
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Two alleles are expressed in heterozygous 
individuals.

Example: blood type

1. type A =  IAIA or IAi
2. type B =  IBIB or IBi
3. type AB =  IAIB

4. type O =  ii
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In humans, there are four blood types: A,B,AB
and O

Blood type is controlled by three alleles:
A,B,O

O is recessive, two O alleles must be present
for the person to have type O blood

A and B are Codominant. If a person receives
an A allele and B allele, their blood type is
AB type

Crosses involving blood type often use an I
to denote the alleles
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X

Dominance

complete

X incomplete

X codominance



15

A lethal gene causes death of individual in the
appropriate genotype before they reach
adulthood.

Lethal are generally recessive, resulting in the
death of the recessive homozygote.

- Some lethals are dominant.

In 1904 French geneticist Lucien Cuenot,
discovered a recessive lethal affecting coat
colour in mice.
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He observed that yellow colour is dominant;

But while crossing 2 yellow mice, he got only 2:1
ratio.

While he crossed yellow with recessive wild type 
(grey) found that all are yellow. 

Concluded all yellow mice were heterozygotes.
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Later it was suggested that homozygosity for
yellow is lethal, and that these individuals died
in utero, a fact observed by histological
studies.
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Manx Cat – Tailless cat is 
another trait caused by an 
allele that has dominant 
effect in heterozygous and is 
lethal in homozygotes. 

The Manx and normal alleles 
are denoted by M and m 
respectively 

Mm X Mm



20

Other example is achondroplasia,
the most common form of
dwarfism, with a normal length
body trunk but shortened limbs.
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Many genes have alleles that affect the rate
of mortality but are not lethals.

In general these are termed as deleterious or
detrimental alleles.
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- Impact of a single gene on 
more   than one characteristic

- Sickle-cell disease

- Most common inherited 
illness among black people

- RBCs are sickle-shaped

Can cause many problems

RBCs:  Sickle-cell disease

Normal RBCs
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Under conditions of low oxygen 
tension, hemoglobin S will 
precipitate, causing cells to 
sickle

Mutations in same amino acid

Some individuals die in 
childhood;       
Some individuals have mild 
symptoms

HbA: V – H – L – T- P – G –G

HbS:  V – H – L – T- P – V–G
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Sickle cell anemia may be the result of a genetic
mutation that happened in malaria-prone
regions like Africa thousands of years ago.

People with sickle cell trait may have been more
likely to survive malaria epidemics - and
because they survived when others did not, this
allowed the trait to be passed down through
generations.













So, instead of only 2 
alleles contributing to 
a trait, there can be 4 
or 6 or 8, etc. alleles 
contributing to a trait.  

Skin color: the more 
dominant alleles for 
each gene, the darker 
the skin

AABbCc = darker skin

aaBbCc = lighter skin









CA Ca cA ca

CA

Ca

cA

ca ccaa



Supplementary Gene interaction

2 or more non allelic dominant gene interact to produce a 

character – both gene express separately and in 

combination they produce new offsprings

For eg., Comb in Fowls

Four varieties – Rose, Pea, walnut & single Comb 

Rose due to dominant gene R, Pea due to dominant gene 

P, Single due to recessive gene r p,  Walnut if both 

dominant gene combine
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Single

Pea
Rose

Walnut

Parents: Pea        X     Ross

(PPrr)             (RRpp)

Walnut (PpRr)



RP Rp rP rp

RP

Rp

rP

rp rrpp
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A typical dihybrid ratio in the case of single 
character, Viz Comb shape in poultry. 

Genotype Ratio : 9:3:3:1

Where, 

9: Walnut

3: Pea

3:Rose

1: Single



Duplicate Gene interaction

2 or more non allelic dominant gene independently 

control a single character 

For eg., Seed shape in a common weed (Bursa)

TTDD – triangular & ttdd - Oval

If make a cross like TTDD x ttdd – TtDd (Triangular)

In F2, TtDd x TtDd – 15:1 



TD Tt tD td

TD

Td

tD

td ttdd
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The non-floating habit in 
rice is controlled by two 
genes A1/A1; A2/A2

Like that floating habit is 
controlled by a1/a1; 
a2/a2
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Here, the presence of a single dominant allele
of any of the two genes governing the trait
produces the dominant phenotype (non-
floating). The recessive genotype (floating
habit) is produced only when the genes are in
the homozygous recessive state. The genes
that show duplicate interaction is called
Duplicate gene action.



44

A/A;B/B A/A;B/b A/a;B/B A/a;B/b

A/A;B/b A/A;b/b A/a;B/b A/a;b/b

A/a;B/B A/a;B/b a/a;B/B a/a;B/b

A/a;B/b A/a;b/b a/a;B/b a/a;b/b

A;B A;b a;B a;b

A;B

A;b

a;B

a;b

15      : 1       

Non Floating

Floating 
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In this gene interaction, the dominant allele of one 
gene produces a phenotypic effect.

The dominant allele of the other gene does not 
produce any phenotypic effect on its own;

But when it is present with the dominant allele of 
the first gene, it modifies the phenotypic effect 
produced by the first gene. 
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Parents: 

RRPrPr             X          rrprpr

(Purple)                        (White)

Gametes:

RPr rpr

F1 RrPrPr

(Purple)
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In maize, the development of colour is governed 
by two completely dominant genes R and Pr. 

The dominant allele R is essential for (red) 
colour production 

Homozygous state of the recessive allele r (rr) 
prevent the production of red colour.

Phenotypic ratio: 9:3:4

(Purple: Red: White) 
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RPr Rpr rPr rpr

RPr

Rpr

rPr

rpr

9      : 4      : 3  

• Modified ratio

• Still 1/16ths

9:Purpl
e
3:Red
4: 
White       
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One dominant inhibitory gene prevents the 
expression of other dominant gene.

E.g. , 
There are two varieties of white comb which are 

genetically different. 
One variety is called Leghorn represented by IICC, 

which carries a colour gene C, and other gene I, 
that inhibits the expression of the colour gene C

The other white var. called  Wyandotte is recessive 
to the two genes viz., iicc and so it is white or 
colourless
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When cross made btn 2 white var. Leghorn
and Wyandotte, F1 hybrid also white, When
this F1 allowed to self fertilize there was a
segregation of 13:3 ratio of white and
coloured respectively.

Parents: 
IICC             X          iicc

White (Leghorn)            White (Wyandotte)
Gametes:

IC ic

F1 IiCc
(White)
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IC Ic iC ic

IC

Ic

iC

ic

13      : 3       
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In barely, seed colour is governed by two 
dominant genes B and Y. 

The allele B produces black colour, while  

Allele b produces white colour

The dominant allele Y produces Yellow

While, allele y produces white colour
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Parents: 

BByy             X            bbYY

(Black)                        (Yellow)

Gametes:

By bY

F1 BbYy

(Black)
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A/A;B/B A/A;B/b A/a;B/B A/a;B/b

A/A;B/b A/A;b/b A/a;B/b A/a;b/b

A/a;B/B A/a;B/b a/a;B/B a/a;B/b

A/a;B/b A/a;b/b a/a;B/b a/a;b/b

A;B A;b a;B a;b

A;B

A;b

a;B

a;b

12      : 3      : 1  
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In Polymeric gene action, two completely
dominant genes controlling a character produce
the same phenotype when their dominant alleles
are alone.

But when dominant alleles of both the genes are
present together, their phenotypic effect is
enhanced as if the effect of the two genes were
cumulative or additive.
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In barley, two completely dominant genes A 
and B affect the length of awns (the 
needle like extensions of lemma).

Dominant allele of the gene A or B alone 
(e.g., Aa bb, AA bb, BB aa, Bb aa) give rise 
to awns of medium length .

Thus the phenotype of A is same as that of 
B.

But when A and B together they produce 
long awn. 

Where as aa bb are awnless. 
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Parents: 

AABB             X            aabb

(Long Awn)                   (Awnless)

Gametes:

AB ab

F1 AaBb

(Long Awn)
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AB     Ab      aB      
ab

AB

Ab

aB

ab

9: Long Awn
6: Medium 

Awn
1: Awnless
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In additive gene action, each positive allele of the 
two genes governing a trait produces equal and 
identical effect on the character. 

Therefore the genes showing additive gene action 
are called multiple factors or more commonly 
Polygenes
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Each polygene has two alleles: one allele of 
each polygene produces a +ve effect in the 
character governed by the gene. – Positive 
allele.

The other allele of each gene has no effect on 
the character and is negative allele
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Seed Colour in tetraploid wheat is governed 
by two polygenes R1 and R2, and 
determining the  colour, where as r1 and r2
do not produce any colour. 

Each R1 and R2, allele produces a small 
amount of colour. 

Therefore the total intensity of colour 
depends on the total number of positive 
alleles of the two genes present. 

Thus,R1R1R2R2 produces dark red colour; 
R1R1R2r2 generate medium dark red and 
R1r1R2r2 yield medium red and so on. 
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Parents: 

R1R1R2R2 X       r1r1r2r2

(Red)                           (White)

Gametes:

R1R2 r1r2

F1 R1r1R2r2

(Medium red)
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1: Dark red

4: Medium dark red

6: Medium red

4: Light red

1: White
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It is generally accepted that gene has two
alternative forms called Allele.

Usually, one of the two alleles of a gene is
dominant over the other, which is recessive e.g,
Tall (TT)

But in many cases, several alleles of a single gene
governing the concerned trait and is known as
Multiple alleles.
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Both prokaryotes and Eukaryotes show 
multiple alleles.

Examples:

1. Human ABO

2. Rh and other blood group

3.Fur colour in rabbits and other mammals. 

4. Drosophila eye colour















 



























 



















 





























































‘Green’ biotechnology
• Introduction
• DNA, Chromosomes, Genomes
• Plant Transformation
• Modern Plant Breeding
• Plant tissue culture 
• Molecular Marker



Plant breeding:

the science of improving the 
heredity of plants for the benefit of 
humankind



The transition 
form wild 
plant to a 
cultivated 
plant started 
early in the 
history of 
mankind

7000      6000    5000   4000   3000     2000  1000v.u.Z. 0       1000    2000



Wild  form

Cultivated form



Where Crops were Domesticated
• Five areas where crops were domesticated 

independently are:
• Southwest Asia (Middle East): 

– wheat, pea, olive



Where Crops were Domesticated

• China: Rice, Millet



Where Crops were Domesticated

• Mesoamerica: corn, beans, squash



Where Crops were Domesticated

• Andes: potato



Where Crops were Domesticated

• America: sunflower



Often areas of most intense production are not 
where domestic crops originated.

Global Potato Production



Difference in:
- yield
- content
- germination synchronity
- maturaion
- resistance

T. monococcum T. aestivum

Wild plant versus cultivated plant



Development of yield
Y

ile
d 

in
 %

 c
om

pa
re

d
19

00

(example USA, 1900-1997)

Due to:
more favorabel cultural conditions (soil nutrients, water supply, 
pest control) and improved genetic potential of cultivars (plant 
breeding 20 – 30%)

Tomato

Potato

Maiz

Wheat
Soybean



Breeding objectives

• Yield
• Resistance to lodging (bending or breaking over of plants before 

harvest) and shattering (fall out of seeds before harvest) 

• Winter hardiness (to survive winter stress)

• Heat and drough resistance
• Soil stress
• Resistance to plant pathogens
• Resistance to insect pests
• Product quality



Highligths of plant breeding

• 1865 Mendelian genetic principles
• 1923 first hybrid corn
• 1960 ‚Green Revolution‘

– breeding, plant management (fertization, pest 
control..)

• 1983 first transgenetic plants



Plant Breeding:  the process of 
selectively mating plants

• A basic type of plant breeding is Selection.

• Selection is when plants with desirable 
traits are chosen from a population and then 
reproduced.



Selection breeding



Introgression breeding

• Important for transferring genetic material 
from one species to the other

• Some might be adaptively important
• Some might be neutral genes



Introgression breeding

Briggs & Walters, Plant 
variation and evolution. 1997.



Modern breeding methods
examples:

- Mutation breeding

- Breeding of polyploids

- Generation of haploids



•1927: Muller produced mutations in fruit 
flies using x-rays

•1928: Stadler produced mutations in barley

• Mutation breeding became a bandwagon 
for about 10 years 

(first claim to “replace breeders”)

Mutation breeding



Inducing Mutations
• Physical Mutagens (irradiation)

– Neutrons, Alpha rays
• Densely ionizing (“Cannon balls”), mostly chromosome aberrations

– Gamma, Beta, X-rays
• Sparsely ionizing (“Bullets”), chromosome aberrations & point mutations

– UV radiation
• Non-ionizing, cause point mutations (if any), low penetrating

• Chemical Mutagens (carcinogens)
– Many different chemicals

• Most are highly toxic, usually result in point mutations

• Callus Growth in Tissue Culture
– Somaclonal variation 
– Can screen large number of individual cells

• Chromosomal aberrations, point mutations
• Also: Uncover genetic variation in source plant



Mutation Breeding

The gamma field is a circular field of 100m radius with 
88.8TBq Co-60 source at the center. 



Gamma Greenhouse for chronic irradiation of sub-tropical 
plants. Cs137 source (4.81TBq, 130 Ci) is used in the 
octagonal greenhouse with 7 m radius at the Institute of 
Radiation Breeding, NIAR, Ibaragi, Japan.



“Gold Nijusseiki”
resistant to black 

spot disease. 

Asian pear improved by radiation breeding

“Nijus-
seiki”

suscep-
tible to 
black 
spot 

disease 

Institute of Radiation 
Breeding
Ibaraki-ken,  JAPAN 
http://www.irb.affrc.go.jp/



Mutation breeding

• Today there are three groups of breeders:
– Mutation breeding is useless, we can 

accomplish the same thing with conventional 
methods,

– Mutation breeding will produce a breakthrough 
given enough effort,

– Mutation breeding is a tool, useful to meet 
specific objectives



Breeding of Polyploids
* Produced by:-

a) doubling of chromosomes in 1 species 
(autopolyploidy)

b) doubling after hybridization of 2 species 
(allopolyploidy)

* Common in plants (80% of species) - many 
commercially important examples.

* Rarer in animals (some fishes, flatworms, shrimp, 
amphibians). Triploid oysters (sterile)



Polyploids

Autopolyploids
• between genetically very 

similar plants
• parents the same species
• chromosomes homologous
• at meiosis quadrivalents

Allopolyploids
• between genetically 

dissimilar plants
• parents different species
• chromosomes not 

homologous
• at meiosis bivalents



Allopolyploidy - doubling after hybridization of 2 species 

Species A                         Species B

(diploid)

F1-Hybrid

(haploid)

doubled 
Chromsome set



Polyploidy typically increases cell size 
which results in larger tissues.

2n       8n

2n                         4n

Stomatal cells in tobacco



Allopolyploidy in Brassica



Somatic Allopolyploidization

Diploid Protoplast 
of Species B.

Diploid Protoplast 
of Species A.

Use polyethylene glycol to 
mediate fusion

Hybrid 
Tetraploid Cell Grow up to 

Tetraploid plant.



Single protoplasts

Protoplasts after fusion



Possible changes taking place
between the component genomes
following    allopolyploidyzation

• gain and loss of coding or uncoding DNA 

• structural rearrangements at the chromosome
level

• changes in gene expression - gene silencing or
activation



Haploid plants 

A. Reduce time for variety development, e.g. 10 to 6 years or less

B. Homozygous recombinant line can be developed in one 
generation instead of after numerous backcross generations

C. Selection for recessive traits in recombinant lines is more efficient 
since these are not masked by the effects of dominant alleles

Agricultural applications for haploids - Rapid generation of 
homozygous genotypes after chromosome doubling

Haploid - gametic number of chromosomes



Processes Leading to Production 
of Haploid Plants

Androgenesis – haploid plant derived from male gamete, 
most common method in vitro

Parthenogenesis - from unfertilized egg

Chromosome elimination - chromosome 
elimination in somatic cells, most common method used 
with plant breeding



Production of Haploids through 
Anther and Microspore In Vitro Culture

Anther and microspore (pollen) culture - haploid plants 
are derived from microspores (pollen) cultured 
individually or in anthers 

Background – micro-sporogenesis and micro-
gametogenesis leading to pollen development



Vegetative
Generative

Similar Nuclei

Germination

Haploid    Proembryo

Haploid    Embryo

First Mitosis

Microspore   Tetrad

Microspore   Mother    Cell



Features of Anther/Microspore Culture



Anther/Microspore Culture Factors
• Genotype

– As with all tissue culture techniques
• Growth of mother plant

– Usually requires optimum growing conditions

• Correct stage of pollen development
– Need to be able to switch pollen development from 

gametogenesis to embryogenesis

• Pretreatment of anthers
– Cold or heat have both been effective



Production Haploids through Chromosome 
Elimination and Embryo Rescue

Production of haploids by chromosome elimination - There 
are numerous examples, primarily achieved by wide crosses 
and embryo culture

eg.: oat, wheat, barley, potato



zygote (hybrid 
phase)

haploid embryo

x

Generation of haploids by wide crosses

Elimination of 
paternal

chromosomes

fertile doubled
haploid (induced

chromosome
doubling)

species
z

species
y



Day 0 - emasculation

Day 2 - pollination with H. bulbosum pollen

Day 3 (to 5) - 40% of the embryonic cells are haploid, endosperm 
abortion occurs, GA3 treatment enhances retention of florets

Day 11 - 94% of the embryonic cells are haploid

Day 14 (to 16) - embryos are dissected and cultured in the dark at 
18 to 22 C, embryos develop in vitro

Day 22 (to 28) - embryos are transferred to light for seedling 
development

Monoploid Production of Barley (H. vulgare)



Embryo rescue

15 days

30 days

50 days 80 days



How does the elimination of chromosomes occur?

Mitosis-dependent elimination
• parent-specific centromere defects

• asynchrony of mitotic cycle times

• results in formation of micronuclei



Crosses

female male

wheat x pearl millet
(Triticum aestivum)                              (Pennisetum glaucum)

barley x wild barley 
(Hordeum vulgare)                           (H. bulbosum)



DAPI                         pearl millet-signals  
whole mount genomic in situ hybridization (GISH) on 6 day old embryos

Number and 
location
of pearl millet-
positive cells 
varied between 
embryos at the 
same stage

-outside

-inside



Pearl millet chromatin occupies a distinct 
interphase territory

3D-reconstruction

- mainly at the peripheryGISH
pearl millet - green
wheat - blue



Cells containing micronuclei

Elimination of pearl millet chromatin is sequential



Pearl millet chromosomes –
structurally rearranged and size reduced

red  - pearl millet centromere
green  - pearl millet genomic DNA



Loss of paternal chromosomes during mitosis

wheat  x  pearl millet barley  x  H. bulbosum

• parent-specific centromere defects
• asynchrony of mitotic cycle times



‘Budding’ –
mitosis-independent formation of micronuclei

wheat  x  pearl millet

barley  x  H. bulbosum



blue - wheat DNA

green - pearl millet DNA

red - pearl millet centromere

Composition of micronuclei varies

80%

5%0.05%

1%



Chromatin structure
differs between both
types nuclei

M

complete                                        partial heterochromatinization      

disintegration   



TdT adds nucleotides (digoxigenin-labeled)
to the free 3‘ OH ends of DNA fragments

Labeled nucleotides - detected by anti-DIG
antibodies

detection by microscopy

TUNEL assay - in situ detection of DNA fragmentation



DAPI TUNEL GISH merge

Fragmentation of micronucleated DNA –
the final step of uniparental genome elimination

N         M



Mitosis-dependent

Mitosis-independent

hetero-
chromatinization
and 
disintegration

imperfect segregation

spatial
separation
of
parental
genomes

uniparental-specific ‚budding‘ 
of nucleus 

Gernand et al. 
Plant Cell (2005)

Proposed mechanism of uniparental genome elimination



Modern breeding

Mutation breedingMutation breeding

Breeding of Breeding of polyploidspolyploids

Generation of haploidsGeneration of haploids



01. Aims and objectives of Plant Breeding 

 

Plant breeding is an art and science, which tells us ways and means to change the genetic 

architecture of plants so as to attain a particular objective. Plant breeding can be accomplished 

through many different techniques ranging from simply selecting plants with desirable 

characteristics for propagation, to more complex molecular techniques Plant breeding has been 

practiced for thousands of years, since near the beginning of human civilization. It is now 

practiced worldwide by individuals such as gardeners and farmers, or by professional plant 

breeders employed by organizations such as government institutions, universities, crop-specific 

industry associations or research centers. 

 International development agencies believe that breeding new crops is important for 

ensuring food security by developing new varieties that are higher-yielding, resistant to pests and 

diseases, drought-resistant or regionally adapted to different environments and growing 

conditions. 

 

The objectives may be 

a) Crop improvement 

b) Improved agronomic characters 

c) Resistance against biotic and abiotic stress 

1. Increased yield 

 Majority of our breeding programmes aims at increased yield. This   is achieved by 

developing more efficient genotypes. The classical examples are utilization of Dee Gee Woo 

Gen in rice and Norin10 in wheat. Identification and utilization of male sterility 

2. Improving the quality  

 Rice -milling, cooking quality, aroma and grain colour 

 wheat- milling and baking quality and gluten content. 

 pulses -Protein content and improving sulphur containing amino acids 

 oilseeds- PUFA content  

 

3. Elimination of toxic substance  

 HCN content in jowar plants   

http://en.wikipedia.org/wiki/Government
http://en.wikipedia.org/wiki/Food_security


 Lathyrogen content in Lathyrus sativus (βN oxalyamine alanine BOAA) 

 Erucic acid in Brassicas 

 Cucurbitacin in cucurbits 

4. Resistance against biotic and abiotic stresses  

 Biotic stress: Evolving pests and diseases resistant varieties there by reducing cost of 

cultivation, environmental pollution and saving beneficial insects. 

 Abiotic stress: It is location specific problem. Soil factors and edaphic factors some times 

poses severe problems. Breeding resistant varieties is the easy way to combat abiotic 

stress. 

5. Change in maturity duration – Evolution of early maturing varieties  

6.  Improved agronomic characters    -Production of more tillers – E.g. Rice, Bajra, 

7.  Reducing the plant height to prevent lodging – Rice 

8.  Photoinsensitivity – Redgram, sorghum 

9. Non-shattering nature – Green gram, Brassicas 

10. Synchronized maturity – Pulses 

11. Determinate Growth habit –determinate growth – Pulses 

12. Elimination or introduction of dormancy –Groundnut 

Scope of plant breeding 

 Since the cultivable land is shrinking and there is no scope for increasing the area under 

cultivation, the only solution to meet the food requirement is by increasing the crop yield through 

genetic improvement of crop plants. There are two ways by which yield improvement is 

possible. 

1.  Enhancing the productivity of crops 

This can be done 

a) By the proper management of soil and crops involving suitable agronomic practices and 

harvesting physical resources. 

b) By using high potential crop varieties created by appropriate genetic manipulation of 

crop plants. 

 



2.  Stabilizing the productivity achieved 

 This is done by using crop varieties that are bred especially for wide adaptation or for 

specific crop zones to offset the ill effects of unfavorable environmental conditions prevailing in 

the areas. 

Plant breeding, the past, present and future scopes 

 Indian agriculture remained stagnant particularly during early sixties. Long spells of 

severe drought and serious out break of disease in some parts of the country led some 

futurologists to state that a possible doom in India by the end of the decade. However, we 

achieved  break through in crops such as rice, wheat, pearlmilelt, jowar and maize. 

The indica x japonica cross derivative ADT 27 is the first high yielding rice of Tamil 

Nadu. The identification of Dee Gee Woo Gen and release of Wonder rice IR 8 (peta x DGWG) 

changed the scenario from poverty to problem of plenty.Like wide identification of dwarfing 

gene in Japanese wheat variety Norin-10 by Borlaug and breeding of Mexican dwarf wheat 

varieties led to the release of wheat varieties life Kalyan sona in India. 

In pearl millet, breeding by male sterile line Tift 23A at Tifton, Georgia by Burton and 

his coworker and later on its introduction to India led the release of hybrid bajra HB1 to HB4, 

which increased bajra production many fold. In Jowar, breeding of first male sterile line 

combined kafir 60A and its introduction into India led to the release of first hybrid sorghum CSH 

1 (CK 60A x IS 84) during 1970s. 

 At present we are in search of alternate source of cytoplasm in almost all crops to breed 

hybrids with new source of cytoplasm to prevent the possibility of appearance of  new pest and 

diseases. Thus, the future of plant breeding is a challenging task. The deployment of innovative 

breeding techniques will be a new tool to assist the conventional breeding techniques.     

Undesirable effects of Plant Breeding 

1. Genetic erosion: Disappearance of land races due to introduction of high yielding varieties. 

Eg. Introduction of IR 20 rice led to disappearance of land races of samba rice. 

2. Narrow genetic base: Genetic vulnerability to pest and diseases. 

 Tift 23A          - Bajra - Susceptible downy mildew 

 T cytoplasm  - Maize - susceptible to Helminthosporium 

3. Minor disease and pest become major due to intensive resistance breeding 

 RTV (Rice Tungro Virus) 



 Grey mold in Bengalgram 

4. Attainment of yield plateau: No more further increase in yield. 

History of Plant Breeding 

It started when man first chose certain plants for cultivation.  There is no recorded history 

when the plant breeding started. 

 As early as 700 BC Babylonians and Assyrians artificially pollinated the date palm. 

 In 1717 Thomas Fairchild produced the first artificial hybrid. 

 Joseph Kolreuter, a German made extensive crosses in Tobacco and Solanum between 

1760 and 1866 and studied the progenies in detail. 

 Thomas Andrew Knight (1759-1835) was the first man to produce several new fruit 

varieties by using artificial hybridization. 

 Le Coutier, a farmer published his results on selection in wheat in the year 1843. He 

concluded that progenies from single plants were more uniform. 

 Patrick Shireff a Scotsman practiced individual plant selection in wheat and oats and 

developed some valuable varieties. 

 Vilmorin (1857) proposed individual plant selection based on progeny testing. This was 

known as “Vilmorins principle of progeny testing’.  He proposed this progeny testing in 

sugar content in sugar beets (Beta vulgaris). But this method was ineffective in wheat.  

This clearly demonstrated the difference between effect of selection in cross and self-

pollinated crops. 

 Nilsson and his associates in Sweedish Seed Association, Svalof Sweeden (1890) refined 

the single plant selection. 

 In 1903 Johansen proposed the famous ‘pure line theory’ which states that a pure line is 

progeny of a single self fertilized homozygous plant. He proposed this theory based on 

his studies in Phaseolus vulgaris. 

 G.H. Shull work in maize is the forerunner for the present day hybrid maize programme. 

He described in detail about the effect of inbreeding. 

 During 1960’s Norman Borlaug, the Nobel laureate developed Mexican semi dwarf 

wheat varieties, which paved the way for green revolution in wheat. The dwarfing gene 

was isolated from wheat variety Norin 10. Later on this Mexican dwarf were introduced 



in the India by Dr. M.S.Swaminathan and a number of high yielding wheat varieties like 

Kalyan Sona, Sharbathi Sonara were developed. 

 In rice the identification of dwarf Dee Gee Woo Gen from a tall rice variety by a Taiwan 

farmer revolutionized rice breeding.  Using this DGWG at IRRI during 1965 the wonder 

rice IR 8 was released. 

 Nobilisation in sugarcane by C.a. Barber and T.S.Venkataraman is another monumental 

work in plant breeding. 
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Lecture No: 1 

   Definition, Aim, Objectives and Scope of Plant Breeding 

Definition : 
 Plant breeding can be defined “as an art and science” and technology of improving the 

genetic make up of plants in relation to their economic use for the man kind.  

or 
 Plant breeding is the art and science of improving the heredity of plants for the benefit of 

mankind. 

or 
 Plant breeding deals with the genetic improvement of crop plants also known as science 

of crop improvement. 

or 
 Science of changing and improving the heredity of plants 

Aim : 

 Plant breeding aims to improve the characteristics of plants so that they become more 

desirable agronomically and economically. The specific objectives may vary greatly depending 

on the crop under consideration.  

Objectives of Plant Breeding : 

1. Higher yield : The ultimate aim of plant breeding is to improve the yield of “economic 

produce  on economic part”. It may be grain yield, fodder yield, fibre yield, tuber yield, 

cane yield or oil yield depending upon the crop species. Improvement in yield can be 

achieved either by evolving high yielding varieties or hybrids.   

2. Improved quality: Quality of produce is another important objective in plant breeding. 

The quality characters vary from crop to crop. Eg. grain size, colour, milling and baking 

quality in wheat. Cooking quality in rice, malting quality in barley, colour and size of 

fruits, nutritive and keeping quality in vegetables, protein content in pulses, oil content in 

oilseeds, fibre length, strength and fineness in cott on. 

3. Abiotic resistance : Crop plants also suffer from abiotic factors such as drought, soil 

salinity, extreme temperatures, heat, wind, cold and frost, breeder has to develop 

resistant varieties for such environmental conditions.    

4. Biotic resistance : Crop plants are attacked by various diseases and insects, resulting in 

considerable yield losses. Genetic resistance is the cheapest and the best method of 

minimizing such losses. Resistant varieties are developed through the use of resistant 

donor parents available in the gene pool. 
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5. Change in maturity Duration / Earliness : Earliness is the most desirable character 

which has several advantages. It requires less crop management period, less insecticidal 

sprays, permits new crop rotations and often extends the crop area.  Development of 

wheat varieties suitable for late planting has permitted rice-wheat rotation.  Thus 

breeding for early maturing crop varieties, or varieties suitable for different dates of 

planting may be an important objective. Maturity has been reduced from 270 days to 170 

days in cotton, from 270 days to 120 days in pigeonpea, from 360 days to 270 days in 

sugarcane. 

6. Determinate Growth :  Development of varieties with determinate growth is desirable 

in crops like mung, pigeon pea (Cajanus cajan), cotton (Gossypium sp.), etc. 

7. Dormancy : In some crops, seeds germinate even before harvesting in the standing crop 

if there are rains at the time of maturity, e.g., greengram, blackgram, Barley and Pea, etc.  

A period of dormancy has to be introduced in these crops to check loss due to 

germination. In some other cases, however, it may be desirable to remove dormancy. 

8. Desirable Agronomic Characteristics : It includes plant height, branching, tillering 

capacity, growth habit, erect or trailing habit etc., is often desirable.  For example, 

dwarfness in cereals is generally associated with lodging resistance and better fertilizer 

response. Tallness, high tillering and profuse branching are desirable characters in fodder 

crops. 

9. Elimination of Toxic Substances : It is essential to develop varieties free from toxic 

compounds in some crops to make them safe for human consumption. For example, 

removal of neurotoxin in Khesari –  lentil (Lathyruys sativus) which leads to paralysis of 

lower limbs, erucic acid from Brassica which is harmful for human health, and gossypol 

from the seed of cotton is necessary to make them fit for human consumption.  Removal 

of such toxic substances would increase the nutritional value of these crops. 

10. Non-shattering characteristics: The sha ttering of pods is serious problem in green 

gram. Hence resistance to shattering is an important objective in green gram.   

11. Synchronous Maturity : It refers to maturity of a crop species at one time. The 

character is highly desirable in crops like greengram, cowpea, castor and cotton where 

several pickings are required for crop harvest. 

12. Photo and Thermo insensitivity: Development of varieties insensitive to light and 

temperature helps in crossing the cultivation boundaries of crop plants. Photo and  

thermo-insensitive varieties of wheat and rice has permitted their cultivation in new 
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areas.  Rice is now cultivated in Punjab, while wheat is a major rabi crop in West 

Bengal.  

13. Wider adaptability: Adaptability refers to suitability of a variety for general cultivation 

over a wide range of environmental conditions. Adaptability is an important objective in 

plant breeding because it helps in stabilizing the crop production over regions and 

seasons. 

14. Varieties for New Seasons : Traditionally maize is a kharif crop.  But scientists are now 

able to grow maize as rabi and zaid  crops.  Similarly, mung is grown as a summer crop 

in addition to the main kharif crop.  

Scope of plant breeding (Future Prospects) 

 From times immemorial, the plant breeding has been helping the mankind. With 

knowledge of classical genetics, number of varieties have been evolved in different crop plants. 

Since the population is increasing at an alarming rate, there is need to strengthened the food 

production which is serious challenge to those scientists concerned with agriculture. Advances in 

molecular biology have sharpened the tools of the breeders, and brighten the prospects of 

confidence to serve the humanity. The application of biotechnology to field crop has already led 

to the field testing of genetically modified crop plants. Genetically engineered rice, maize, 

soybean, cotton, oilseeds rape, sugar beet and alfalfa cultivars are expected to be commercialized 

before the close of 20th century. Genes from varied organisms may be expected to boost the 

performance of crops especially with regard to their resistance to biotic and abiotic stresses. In 

addition, crop plants are likely to be cultivated for recovery of valuable compounds like 

pharmaceuticals produced by genes introduced into them through genetic engineering. It may be 

pointed out that in Europe hirudin, an anti-thrombin protein is already being produced from 

transgenic Brassica napus. 

Undesirable effects 
 Plant breeding has several useful applications in the improvement of crop plants. 

However, it has five main undesirable effects on crop plants.   

 

1. Reduction in Diversity : Modern improved varieties are more uniform than land races. 

Thus plant breeding leads to reduction in diversity.  The uniform varieties are more prone 

to the new races of  pathogen than land races which have high genetic diversity. 

2. Narrow genetic base : Uniform varieties have narrow genetic base. Such varieties 

generally have poor adaptability.   
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3. Danger of Uniformity : Most of the improved varieties have some common parents in 

the pedigree which may cause danger of uniformity.   

4. Undesirable combinations : Sometimes, plant breeding leads to undesirable 

combinations. The examples of man made crops having undesirable combination of 

characters are Raphanobrassica and Pomato. 

5. Increased susceptibility to minor diseases and pests : Due to emphasis on breeding for 

resistance to major diseases and insect pests often resulted in an increased susceptibility 

to minor diseases and pests. These have gained importance and, in some cases, produced 

severe epidemics. The epidemic caused by Botrytis cinerea (grey mold) in chickpea 

during 1980-82 in Punjab and Haryana. The severe infection by Karnal bunt (Tilletia sp.) 

on some wheat varieties, infestation of mealy bugs in Bt cotton.  
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History and development of plant breeding 
- About 10,000 years ago when man is believed to have started agriculture.  

- Plant breeding began when man first choose certain plants for cultivation. 

- The process of bringing a wild species under human management is referred to as 

domestication  

- Domestication may be the most basic method of plant breeding  

- All other breeding method become applicable to a plant species only after it has been 

successfully domesticated.  

- Domestication continuous today and is likely to continue for some time in future 

- Ex : In case of timber trees medicinal plants, microbes  

- During the long period of historic cultivation natural selection has definitely acted on the 

domesticated species. 

- Movement of man from one place to another brought about the movement of his 

cultivated plant species 

- 700 BC - Babylonians and Assyrians pollinated date palm artificially  

- 17th century - several varieties of heading lettuce were developed in France 

- 1717 - Thomas Fair Child - produced the first artificial hybrid, popularly known as 

Fair Child’s mule, by using carnation with sweet William 

- 1727 - The first plant breeding company was established in France by the vilmorins. 

- 1760-1766 - Joseph koelreuter, a German, made extensive crosses in tobacco.  

- 1759-1835 – Knight was perhaps  the first man to use artificial hybridization to develop 

several new fruit varieties.  

- Le couteur and Shireff used individual plant selections and progeny test to develop some 

useful cereal varieties 

- 1873 - the work of Patrick Shireff was first published.  

- He concluded that only the variation heritable nature responded to selections, and that 

there variation arose through ‘natural sports’ (= mutation) and by ‘natural hybridization’  

(= recombination during meiosis in the hybrids so produced).  

- 1856 - Vilmorin developed the progeny test and used this method successfully in the 

improvement of sugar beets.  

- 1900 - Nilson-Ehle, his associates developed the individual plant selection method in 

Sweden.  

- 1903 - Johannsen proposed the pureline theory that provided the genetic basis for 

individual plant selection. 
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- The science of genetics began with the rediscovery of Gregor Johan Mendel’s paper in 

1900 by Hugo de veris, Tshermark and Correns which was originally published in 1866.  

- The modern plant breeding methods ha ve their bases in the genetic and cytogenetic 

principles. 

- Numerous workers who determined the various modes of inheritance have contributed to 

the development and understanding of plant breeding.  

- The discovery of chromosomes as carriers of genes has led to the development of 

specialized plant breeding methods for chromosome engineering.  

- The totipotency of plant somatic and gametic cells allows regeneration of complete plants 

from single cells. This, coupled with the development of recombinant DNA technology, 

has enabled the transfer of desirable genes from any organism into plants. Crop varieties 

developed in this manner are already in cultivation in several countries. 

 

History of plant breeding in India 

- 1871 – The Government of India created the Department of Agriculture 

- 1905 – The Imperial Agricultural Research Institute was establish in Pusa, Bihar 

- 1934 – The buildings of the institute damaged in earthquake  

- 1936 – Shifted to New Delhi 

- 1946 – Name was changed Indian Agricultural Research Institute 

- 1901-05 – Agricultural Colleges were established at Kanpur, Pune, Sabour, Llyalpur, 

Coimbatore   

- 1929 – Imperial council of Agricultural Research was established 

- 1946 – Name was change to Indian Council Agricultural Research  

- 1921 – Indian Central Cotton Committee was established – Notable researches on 

breeding and cultivation of cotton. Eg : 70 improved varieties of cotton 

- 1956 – Project for intensification of regional research on cotton, oilseeds and millets 

(PIRRCOM) was initiated to intensify research on these crops – located at 17 different 

centres through out the country 

- 1957 – All India Coordinated maize improvement project was started with objective of 

exploiting heterosis  

- 1961 - The first hybrid maize varieties released by the project 

- ICAR initiated coordinated projects for improvement of the other crops  

- 1960 – First Agricultural University established at Pantnagar, Nainital, U.P.  
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Scientific contributions of eminent scientists 

Name of the Scientists   Contributions  

Allard  and Bradshaw - G x E interaction 

Recurrent Selection for SCA - Hull 

Recurrent Selection for GCA - Jenkins 

Dominance hypothesis - Davenport 

Gene for gene hypothesis - Flor 

Pureline concept - Johannsen 

Backcross method - Harlan and Pope 

Double cross scheme - Jones 

Cytoplasmic Genetic Male sterility  - Jones and Davis 

Ear to row method  - Hopkins  

Colchicine - Blackslee and Nebel 

Single Seed Descent Method - Goulden 

Self incompatibility  - Lewis 

Vertifolia effect - Van Der Plank 

Centres of diversity, Law of homologus series - Vavilov 

Grater initial capital hypothesis  - Ashby  

Progeny test - Vilmorin 

First artificial hybrid - Thomas Fairchild 

Triticale - Rimpau 

Mutation - Hugo de Vries 

Sprophytic System of self incompatibility - Hughes and Babcock 

Bulk method - Nilsson & Ehle  

Raphano brassica - Karpenchenko 

Heterosis - Shull 

Male sterility - Jones and Davis 

Father of hybrid rice - Yuan Long Ping 

Self incompatibility classification - Lewis 

Mechanism of insect resistance - Painter 

Modified bulk method - Atkins 

Components of genetic variance classification  - Fischer 

Male sterility in maize - Rhoades 
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Microcentre - Harlan 

Chemical mutagen - Aurbach 

Multiline concept - Jenson 

Green revolution in India  - M.S. Swaminathan 

Semidwarf rice varieties at IRRI - T.T. Chang 

Forage breeder - G.W. Burton 

Forage breeder - T.J. Jenkin 

Soyabean breeder - E.E. Hartwig 

 

Some Indian Plant Breeders and their contributions  

T.S. Venkatraman - An eminent sugarcane breeder, he transferred thick stem and 

high sugar contents from tropical noble cane to North Indian 

Canes. This process is known as noblization of sugarcane.  

B.P. Pal - An eminent Wheat breeder, developed superior disease resistant 

N.P. varieties of wheat. 

M.S. Swaminathan - Responsible for green revolution in India, developed high 

yielding varieties of Wheat and Rice 

Pushkarnath - Famous potato breeder 

N.G.P. Rao - An eminent sorghum breeder 

K. Ramaiah - A renowned rice breeder 

Ram Dhan Singh - Famous wheat breeder 

D.S. Athwal - Famous pearlmillet breeder 

Bosisen - An eminent maize breeder 

Dharampal Singh - An eminent oil-seed breeder 

C.T. Patel - Famous cotton breeder who developed world’s first cotton 

hybrid in 1970 

V. Santhanam - Famous cotton breeder 
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Lecture No: 1a  
Concepts of breeding Self pollinated, Cross pollinated and asexually 

propagated crops  
 
 The mode of pollination and reproduction play an important role in plant breeding. Based 

on this, crop plants are divided into three groups viz.  

1. Self Pollinated 

2. Cross pollinated  

3. Vegetatively propagated  

Self Pollinated Species: 

 These are all self fertilizing species. In these species development of seed take place by 

self pollination (autogamy). Hence self pollinated species are also known as autogamous species 

or inbreeders. Various plant characters such as homogamy, cleistogamy, chasmogamy, 

bisexuality etc. favour self fertilization. 

 Some important features of autogamous species are  

1. They have regular self pollination 

2. They are homozygous and have advantage of homozygosity, means they are true 

breeding.  

3. Inbreeders do not have recessive deleterious genes, because deleterious genes are 

eliminated due to inbreeding by way of gene fixation. 

4. Inbreeding does not have any adverse effects on inbreeders. 

5. In autogamous species, new gene combinations are not possible due to regular self 

pollination.  

6. Inbreeders are composed of several component (homozygous) lines. Hence variability is 

mostly among component lines. 

7. Inbreeders have generally narrow adaptation and are less flexible.  

Methods of Breeding in Autogamous  Species  

1. Plant introduction  

2. Pureline selection  

3. Mass selection 

4. Pedigree method 

5. Bulk method 

6. Single seed descent method 

7. Backcross method 

8. Heterosis breeding 



 14 

9. Mutation breeding  

10.  Polyploidy breeding 

11.  Distant hybridization  

12.  Transgenic breeding 

Four breeding appr oaches viz., recurrent selection, disruptive selection, diallel selective 

mating and biparental mating are used for population improvement.  

Cross pollinated species 
 This group refers to cross fertilizing species these species produce seed by cross 

pollination (allogamy) hence, referred to as allogamous species or out breeders. Various plant 

characters which promote cross pollination which include dichogamy, monoecy, dioecy, 

heterostylely, herkogamy, self incompatibility and male sterility.  

 Some important features of out breeders are  

1. They have random mating. In such population, each genotype has equal chance of mating 

with all other genotypes 

2. Individuals are heterozygous and have advantage of heterozygosity 

3. Individuals have deleterious recessive gene which are concealed by masking effect of 

dominant genes. 

4. Out breeders are intolerant to inbreeding. They exhibit high degree of inbreeding 

depression on selfing.  

5. Cross pollination permits new gene combinations from different sources. 

6. In these species, variability is distributed over entire population.  

7. They have wide adaptability and more flexibility to environmental changes due to 

heterozygosity and heterogenety.  

Methods of Breeding Allogamous species 

1. Plant introduction 

2. Mass and progeny selection  

3. Back cross method. 

4. Heterosis breeding 

5. Synthetic breeding 

6. Composite breeding  

7. Polyploidy breeding  

8. Distant hybridization 

9. Transgenic breeding 

10.  Mutation breeding (rarely)  
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Three breeding approaches viz., recurrent selection, disruptive mating and biparental 

mating are used for population improvement.  

Asexually propagated species 

 Some crop plants propagate by asexual means i.e. by stem or root cuttings or by other 

means. Such species are known as asexually propagated species or vegetatively propagated 

species. Such species are found in both self and cross pollinated groups. Generally asexually 

propagated species are highly heterozygous and have broad genetic base, wide adaptability and 

more flexibility.  

Methods of breeding Asexually propagated species 

1. Plant introduction  

2. Clonal selection 

3. Mass selection (rarely used) 

4. Heterosis breeding 

5. Mutation breeding 

6. Polyploidy breeding 

7. Distant hybridization  

8. Transgenic breeding  

BREEDING POPULATIONS 
 The genetic constitution of plants is determined by mode of pollination. Self pollination 

leads to homozysity and cross pollination results in heterozygosity to exploit homozygosity in 

self pollinated crops and heterozygosity in cross pollinated species, because inbreeders have 

advantage of homozygosity and outbreeders have advantage of heterozygosity. Based on genetic 

constitution, breeding populations are of four types viz.,  

1. Homogenous  

2. Heterogenous  

3. Homozygous  

4. Heterozygous  

1. Homogenous population 

 Genetically similar plants constitute homogenous populations. Examples of 

homogeneous populations are pure lines, inbred lines, F1 hybrid between two pure line or inbred 

lines and progeny of a clone. Pure lines and inbred lines generally have narrow adoption. 
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2. Heterogenous populations  
 Genetically dissimilar plants constitute heterogenous populations. Examples are land 

races, mass selected populations, composites, synthetics and multilines. Heterogenous 

populations have wide adaptability and stable performance under different environments.  

3. Homozygous populations  
 Individuals with like alleles at the corresponding loci are know as homozygous. Such 

individuals do not segregate on selfing. Thus non-segregating genotypes constitute homozygous 

populations. Examples are pure lines, inbred lines and mass selected populations in self 

pollinated plants. Thus pure lines and inbred lines are homozygous and homogeneous and mass 

selected varieties of self pollinated crops and multi lines are homozygous and heterogenous, 

because they are mixtures of several pure lines.  

4. Heterozygous populations 
 Individuals with unlike alleles at the corresponding loci are referred to as heterozygous. 

Such individuals segregate into various types on selfing. This includes F1 hybrids, composites 

and synthetics. Thus F1 hybrids are heterozygous but homogeneous and composites and 

synthetics are heterozygous and heterogenous population. Such populations have greater 

buffering capacity to environmental fluctuations.  

Different types of genetic populations in plant breeding 
population Brief description / definition Examples 

Homogeneous  Genetically similar population Purelines, inbred line, F1 hybrids 

progeny of a clone 

Heterogeneous  Genetically dissimilar population Land races, composites synthetics 

and multilines.  

Homozygous  Non-segregating populations Purelines, inbred lines mass selected 

autogamous varieties and multilines  

Heterozygous  Populations segregate on selfing F1 hybrids, composites, synthetics 
and a clone 

COMBINATIONS   
Homogeneous and 

Homozygous  

Genetically similar and non 

segregating populations  

Purelines and inbred lines  

Homogeneous and 

heterozygous  

Genetically similar but segregating 

on selfing 

F1 hybrids between inbred lines and 

progeny of a clone 

Heterogeneous and 

homozygous 

Genetically dissimilar but non 

segregating populations  

Multilines and mass selected varieties 

in autogamous species 

Heterogeneous and 
Heterozyous 

Genetically dissimilar and 
segregating populations  

Composites and synthetics  
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     Lecture No. 2  
Study in respect of origin, distribution of species, wild relatives an d forms and major 

breeding procedures. 
 

RICE (Oryza sativa ) 2n = 24 
 
 Rice is the world’s most important food crop grown in more than hundred countries of 

the world.  

Origin: S.E. Asia 

Distribution:  

 It is grown in humid tropical and subtropical climate and 90 per cent of the rice is 

produced and consumed in S.E. Asia. Rice producing countries are China, India, Japan, Korea, 

Pakistan, Bangladesh and other S.E. Asian countries. In India A.P, Karnataka, Tamilnadu, Orissa 

etc.  

Rice is one of the oldest cultivated crops. The two cultivated species of rice are  

i) Oryza sativa - Asian rice  

ii) O. glaberrima - African rice.  

Origin of cultivated rice.  

The views regarding the origin of rice can be grouped in to two classes viz.,  

a) Polyphyletic origin  

b) Monophyletic origin.  

i.Polyphyletic: Originated 

from several species. 

According to this theory, 

the two forms of 

cultivated rice viz., Asian 

rice O.sativa and African 

rice O.glaberrima have 

evolved independently in 

their respective regions 

from several specie s. 

 

 

  South & South East Asia                           Tropical Africa  

Perennial  

 

Annual                                     Weedy annual  

 

 

 

 

Indica     japonica            javanica  

 

Common ancestor  

O.rufipogon O.longistaminata  

O. nivara  O. barthii  

O. spontanea  

O. sativa 
O.staffii 

O.glaberrima
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ii. Monophyletic : According to this 
theory both Asian rice and African rice 
arose from a common parent 
(O.perennis). This view is the most 
accepted one because both Asian rice and 
African rice are similar except in glume 
pubescence, ligule size and colour of 
pericarp which is red in African rice.  

 

 

 

 

 

According to polyphyletic origin the present day rice varieties have originated from 
several species. According to monophyletic origin a single species has given rise to all varieties 
of cultivated rice. viz.,  
Oryza sativa  
Oryza glaberrima  
most of the modern rice workers believe that origin of cultivated rice monophyletic. From oryza 
perennis rose the Asian rice in South East tropical Asia and African rice in the upper valley of 
Niger River in Africa.  
CLASSIFICIATION  
 The three sub species or races of cultivated Asian rice (Oryza sativa) are  

i) Indica  

ii) Japonica (Sinica)  

iii) Javanica.  

S. 
No. 

 INDICA JAPONICA JAVANICA 

1 Distribution  Tropical Ex. Asia 
India 

Sub-tropical to warm 
temprate Ex. Japan 

Intermediate Sub-
Tropical Ex. 
Indonesia  

2 Leaves Broad, Light green Narrow, Dark green Broad, Stiff  
3 Tillering  Profuse Medium Low 
4 Height  

(Stature) 
Tall Short Plant Tall 

5 Grains Slender-Flat Short-Roundish Broad, thick 
grains 

6 Resistant    
a) Temperature Sensitive  Resistant  Resistant 
b) Drought Resistant Intermediate Sensitive 

 
Species in the genus oryza:  

According to the latest view the genus oryza include 20 wild species. Out of these two 
are cultivated diploids viz. O.sativa and O.glaberrima and rest are wild species which include 
both diploid and tetraploid forms.  

 
Botanical name  Chromosome 

No. 
Genome  Origin  

O.sativa  24 AA Asia  
O.nivara  24 AA Asia  
O.meridionalis 24 - Australia  
O.longistaminata 24 AA Africa 

O.perennis  

O.glaberrima  O.sativa  



 19 

O.rufipogan 24 AA Asia  
O.glumaepatula  24 - America 
O. grandig lumis 48 CCDD America 
O.glaberrima  24 AA Africa 
O.barthii 24 AA Africa 
O.australiensis 24 EE Australia  
O.latifolia 48 CCDD America 
O.alata  48 CCDD America 
O.eichingeri 24 CC Africa 

            48 BBCC 
O.minuta  48 BBCC Asia  
O.punctata  48 BBCC Asia  
O.officinalis 24 CC Asia  
O.granulata 24 - Asia  
O.meyeriane 24 - Asia  
O.ridleyi 48 - Asian 
O.longiglumis 48 - New Guninea 
O.brachantha  24 FF Africa 
O.schlechter - - New Guinea 

RICE  

Related species of rice and their contributing characters in rice improvement.  

Species Genome Useful traits 
O.alata  CCDD High biomass production 
O.australiensis EE Drought tolerance, BPH 

resistance 
O.barthii AA Drought avoidance, BLB 

resistance 
O.brachyantha  FF Yellow stem borer and leaf 

folder resistance 
O.eichengeri CC BPH, GLH, WBPH 

resistance 
O.grandi glumis CCDD High biomass production 
O.granulata  unknown Shade tolerance, adaptation 

to acrobic soils 
O.latifolia  CCDD High biomass production 
O.longistaminata  AA Drought tolerance 
O.meridionalies AA Elongationa bility 
O.meyeriana  Unknown Shade tolerance, adaptation 

to aerobic soils 
O.minuta  BBCC BPH, GLH, WBPH, BLB 

and blast resistance 
O.nivara AA Grassy stunt virus 

resistance 
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O.officina lis CC,BB,CC BPH, GLH, WBPH 
resistance BPH resistance 

O.prnetate BB, BBCC BPH resistance 
O.ridleyi unknown Shade tolerance, stemborer, 

blast and BLB resistance 
O.rufipogon  AA Source of CMS 

BREEDING OBJECTIVES: 

1. High yield potential  
 

2. Adaptability and stability of yield  
 

3. Maturity early, medium and long   
 

4. Resistance to lodging and shattering  
 

5. Resistant to cold temperature.  
 

6. Resistant to salinity and alkalinity  
 

7. Resistant to diseases like blast, stem rot, Tungro, sheath blight etc.   
 

8. Resistant to pests like stem borer, gall midge, BPH etc 
 

9. Improved grain quality  

a) Grain sha pe and size  

b) Texture of Endosperm and quality of starch in Endosperm  

c) Aroma & Cooking quality (Basmathi type) 

d) Colour of kernel  

e) Milling out turn  

10.  Breeding for alternate source of dwarfing gene.  

11.  Breeding varieties suited for direct seeding  

12.  Breeding varieties for dry lands  

13.  Breeding varieties for deep water conditions  

14.  Breeding varieties for export - scented rice  

15.  Breeding varieties to control wild rice  

16.  Breeding varieties to suit any other local conditions . 
BREEDING PROCEDURES  

1. Introduction :  

All the IRRI Rice varieties from IR 8 to IR 72. Other Examples are Basmati from Punjab, 

Ponni (mahsuri) from Malaysia, CR 1009 (Ponmani) from Orissa.  

2. Pure line selection :  
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3. Hybridization and Selection :  

a) Pedigree method  

i) Inter varietal:  

ii) Inter-racial  

Japonica x indica cross ADT 27 (Norin 10 x GEB 24)  

Ponni (Mashuri) (Taichung 65 x ME 80)  

iii) Inter specific crosses  

Co 31 (O.perennis x GEB 24) Drought resistance.  

IR 34 Complex cross, one of the parent is O.nivara  

b) Back Cross Method of breeding  

4. Mutation breeding:  

a) Spontaneous mutation  

GEB 24   

ADT 41 - Dwarf mutant of Basmati 370.  

b) Induced mutation :  

Jagannath rice from Orissa. Semi dwarf.  

Parbhani - from Maharastra  

5. Heterosis Breeding (Rice Hybrids)  

 APHR – 1  (IR 58025A X Vajram)  

 APHR – 2  (IR 62829A X MTU9992)  

 KRH1   (IR 58025A X IR 9761-10-IR)  

 CORH – 2  (IR 58025A X C 20R) 

HYBRID RICE  

The utilization of the dwarfing gene (d1) from the mutant variety Dee-Geo-Woo-Gen 

(DGWG) discovered in Taiwan in 1960s led to the development of Semidwarf, high tillering, 

nitrogen responsive, high yielding varieties of rice throughout the world. Consequently the yield 

level of rice in the tropics raised even 

8-10 t/ha. Close observation of the yield performance of HYVS had revealed that the realised 

yield in such varieties are showing a plateauing trend (De Datta, 1990; Pingali et al; 1990). 

Among the various strategies proposed to break the yield plateau in rice productivity, 

exploitation of heterosis through the development of rice hybrids had been proved to be 

successful.  

Heterosis in rice was reported by Jones in USA as early in 1926 and Ramaiah in 1933. 

But the research work on hybrid rice was initiated in 1964, in China by Yuan Long Ping (Father 
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of hybrid Rice). The identification of ‘Wild Abortive’ or ‘WA’ type cytoplasmic male sterility in 

1970 was a breakthrough in hybrid rice breeding. In 1971 China accepted Hybrid Rice Research 

as a national cooperative project and in the year 1976, hybrid rice became a reality in China, for 

the first time in world, by the release of commercial rice hybrids suited for sub-tropical and 

temperate zones. Since then many of the rice growing countries had accepted the strategical 

approach of exploitation of heterosis through the development of commercial rice hybrids and as 

such rice hybrids were released in countries like Vietnam (for subtropical zone), Korea (for 

temperate zone); besides these countries, research on hybrid rice is progressing in countries like 

Philippines, Indonesia, Malaysia, Thailand, United States, Egypt, Colombia and Brazil.  

Although research on the commercial utilization of heterosis in rice has made tremendous 

gains during the last 20 years, it is still in its infancy stage because the high yield potential of 

hybrid rice has not been fully tapped yet. And hence various approaches are adopted in major 

rice growing countries of the world to maximize the yield potential advancements of hybrid rice 

production.  

Breeding techniques for developing hybrid rice involve the following:  

a) Three -line method or CGMS system  

This system now a days known as CMS system, involving three lines viz- cytoplasmic, 

genic male sterile line (A), maintainer line (B) and restorer line (R) is the most commonly used 

method in China and outside. Until 1985, more than 95% of the CMS lines used in the 

commercial indica rice hybrids, were of CMS-WA type which make the hybrid rice vulnerable to 

biotic and abiotic stresses. And hence attempts to identify new sources of male sterile cytoplasm 

led to the identification of CMS system like GA (Gambiaca), Di (Disi), DA (Dwarf wild rice), 

BTC (Chinsurah Boro II) and IP (Ido Paddy 6). Mechanism of male sterility maintenance and 

hybrid seed production in three-line system given in figure-1.  

Many years experience had undoubtfully proved that the CGMS system involving 

sporophytic and gametophytic male sterility is an effective way of developing hybrid rices and 

will continue to play an important role in the next decade. However there are some constraints 

and problems in such a system. The most serious is that yields of existing hybrid rice varieties 

including newly developed ones, have stagnated (Yuan, 1994). They have already reached their 

yield plateau, and are unable to increase the yield potential through this approach and hence new 

methods and materials were adopted. In this regard two-line hybrids are promising ones, to raise 

the yield ceiling in hybrid rice.  

 

b) Two-line method of rice breeding  
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Two-line hybrids can be evolved through  

- Mechanical means  

- Application of gametocides  

- Use of cytoplasmic male sterility (CMS)  

- Use of genic male sterility (GMS)  

- Use of environmentally induced genic male sterility (EGMS)  

In rice EGMS system is commonly used. In EGMS systems two kinds of rice lines are made use 

of viz.  PGMS (Photosensitive Genic Male Sterility) and TGMS (Thermosensitive Genic Male 

Sterility) which had been developed successfully in China. In this system male sterility is mainly 

controlled by one or two pairs of recessive nuclear genes and has no relation to cytoplasm. 

Developing hybrid rice varieties with these system has the following advantages over the 

classical CMS system, as given below.  

- Maintainer lines are not needed.  

- The choice of parents for developing heterotic hybrids is greatly broadened.  

- No negative effect due to sterile cytoplasm  

- Unitary cytoplasm situation of WA will be avoided.  

In this system the exploitation of heterosis can be achieved by developing intervarietal and 

intersubspecific F
1 

hybrids. In 1991, China had released hybrid combinations using this 

approach, and some of these combinations out yielded the best existing hybrids by 10-20% 

(Yuan, et al; 1994)  

Detailed studies about physiological and ecological requirements of EGMS lines had been made 

in China and Japan. Work is progressing in India and International Rice Research Institute, in 

Philippines to identify best suited rice hybrids through this approach, for commercial 

exploitation. TGMS system is considered useful in tropical and subtropical regions where as 

PGMS system is useful in temperate regions.  

Other possible approaches to develop two-line hybrid breeding system includes identification of 

a genic male sterility system which would revert to male fertility response to application of 

growth regulators and also the chemical induction of male sterility.  

c) One -line method of rice breeding  

Rice hybrids can be developed and popularized through the following concepts  

- Vegetative propagation  

- Micro propagation  

- Anther culture hybrids  



 24 

- Apomictic lines  

Among the above for large scale cultivation, apomictic lines and anther cultured materials will 

be economical.  
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CGMS SYSTEM IN RICE  
A line  
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  Fertile F1 hybrid rice  

B reeding Centers: 

• IRRI – International Rice Research Institute Philippines  

• CRRI – Central Rice Research Ins titute Cuttack (orissa)  

• DRR Directorate of Rice Research Hyderabad. (A.P)  

 

Name of the released varieties for different breeding objectives 

1. High Yielding Varieties  Swarna, Vijetha, MTU1000 (cottondorasannalu) 

Jaya.  

2. Early maturity  Cottondorasannalu, Tellahamsa, Jagtial Sannalu, 

IR-64 

3. Resistant to lodging and 

shattering  

MTU 1061 (Indra) 

MTU 1064 (Amara)  

4.  Resistant to cold temperature  Tellahamsa, Erramallelu  

5. Resistant to salinity  Vikas, CSR-30 (Yamini), Swarnamukhi 

(NLR145 CSR 29) Swarna  

6. Resistant to diseases  Blast: NLR-145, Somasila Swathi, Shravani  

7.  Resistant to pests  BPH: Vajram, Vijetha Deepti, Krishnaveni 

Gall midge : Kavya, Surekha Jagtial sannalu  

8. Aroma Short slender: Chittimutyalu, Kala namak 

Long slender: Pusa Basmati1, Pusa 1121, 

Vasumati, Sumati  

9.  Red rice  Heera 

10. Deep water PLA 1100 

11. Dryland conditions  Rasi, MTU 9993 Erramallelu  

 

 

Lecture No. 3  
WHEAT – (Triticum aestivum) 2n = 6x = 42  

 
Wheat is the most important cereal in the world, giving about one -third of the total 

production, followed closely by rice. In temperate regions it is the major source of food. The 
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chief use of wheat is, the flour for making bread.  Wheat is grown in all the continents except 

Antartica. It is the staple food of the 1/3rd of the world’s population. 

 

Place of origin:  

Diploid (2n=14)  :  Asia minor  

Tetraploid  (2n=28) :  Abyssinia, North Africa  

Hexaploid (2n=42)  : Central Asia  

Distribution:  

 USA, Canada, Latin America, Europe, China, Japan, Argentina, Mexico, India, Pakistan 

– Every month of the year a crop of wheat is harvested some where in the world. In India 

extensively cultivated in North West India, Eastern part, Central plain to some extent Southern 

peninsular zone.   

Classification:  
 

Ploidy level  Specie s  Common name  Genome  
Diploid  
(2n=14) 2 species  

T.boeticum 
(T.aegilopoides)  
T.monococum  
 

Wild einkorn  
Einkorn  

AA  
AA  

Tetraploid  
(2n=28) 7 species  

T.dicoccoides  
T.dicoccum  
T.durum  
T.persicum  
T.turgidum  
T.polonicum  
T.timopheevi  

Wild Emmer  
Emmer  
Macaroni wheat  
Persian wheat  
Rivet wheat  
Polish wheat  
-  

AA BB  
AA BB  
AABB  
AABB  
AABB  

Hexaploid  
(2n= 42) 5 species  

T.aestivum  
T.compactum  
T.sphaerococcum  
T.spelta  
T.macha  

Common or bread wheat  
Club wheat  
Dwarf wheat  
Spelt wheat  
Macha wheat  

AABBDD  
AABBDD  
AABBDD  
AABBDD  
AABBDD  

 

 

Fourteen species of wheat according to Vavilov: 
1. T.boeoticum  
2. T.monococcum  
3.  T.dicoccoides 
4. T.dicoccum 
5. T.durum, 
6. T.persicum, 
7. T.turgidum 
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8. T.polonicum,  
9. T.timopheevi, 
10.  T.aestivum, 
11.  T.sphaerococcum, 
12.  T.compactu m, 
13.  T.spelta, 
14.  T.macha . 

 

Origin of diploid wheat:  

(Wild einkorn) T.boeticum (T.aegilopoides)  

 
Natural mutation and selection  

 
T.monoccocum Cultivated diploid  

AA (2n = 14)  

 
T. boeoticum is probably the ancester for all the cultivated wheats:  

 
Origin o f Tetraploid wheats: 
 

T .monoccocum   x  Unknown species  (Aegilops spelltoides) 
Wild  Diploid    Diploid 
 (2n = 14)    (2n=14)  
          AA     BB  
   F1 hybrid  
   Diploid (2n=14)  

 AB  
   Sterile  
 
     Chromosome doubling  
 
   Triticum turgidum  
   Amphidiploid / Allotetraploid  
   (2n=28)   
   AA BB  
   Fertile  
 
 

 
Origin of hexaploid wheat  

 
 Triticum turgidum            x  T. tauschii  
  Tetraploid     Diploid  
  2n = 4x = 28     2n = 2x = 14  
  AA BB      DD 
     F1 hybrid  
     Triploid  
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     2n = 3x = 21  
      ABD 
     Sterile  
 

       Doubling of chromosome  
 

    Triticum aestivum  
       Hexaploid  
    2n = 6x = 42  
    AA BB DD  
      Fertile  
 

Breeding objectives  
1. High yield  
High yield depends on  
a) The number of heads / unit area  
b) The number of grains / head.  
c) The average weight of grain  

While breeding for high yielding varieties all the above three components must be looked 
into. Omitting any one of them may not yield results. Further while breeding for high yield it is 
necessary to combine into a variety a favourable combination of genes influencing all yield 
process.  

 

2. Breeding non- lodging varieties:  
This is achieved after the identification of dwarfing gene in Japanese variety Norin 10. 

Most of our dwarf wheats are two gene dwarfs. E.g. Sonara 63, sonara 64, kalyan sona. 
Emphasis is now on triple gene dwarfs. 

  

3. Breeding for disease resistance  
Rust is the major disease. Both stem rust and leaf rust are important ones. There are 

different races of rust. So while breeding for rust resistance horizontal resistance is to be looked 
into. Back cross method of breeding and development of multi lines are the methods.  

 

4. Breeding for insect resistance  
Hessian fly is the major pest. Resistance in most varieties is thro’ Antibiosis.  
 

5. Breeding for quality.  
Different wheat varieties vary greatly in their chemical composition which is 

considerably influenced by environment. The varieties of hard wheat or bread wheat which have 
higher gluten content. The soft wheat contain lesser gluten content which is suitable for cake 
making, pastries etc. The durum wheats are unsuited for either cakes or bread but they are 
suitable for making macaroni.  

So depending upon the use the quality breeding objective is to be fixed.  
 

 
BREEDING PROCEDURES:  
1. Introduction :  

Semi dwarf wheat from Mexico, Sonara 63, Sonara 64, Mayo 64, Lerma Roja 64  
 

2. Pure line selection :  
Earlier varieties like P

4
, P

6
, P

12 
evolved at Pusa institute are result of pure line selection 

from local population.  
 

3. Hybridisation and selection  
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a) Inter varietal:  
A number of successful derivatives were developed at IARI New Delhi and Punjab. NP 

809 - New pusa multiple cross derivative.  
 

However all these varieties were lodging and poor yielder when compared to other 
countries. Hence the wheat hybridization programme was changed by  
Dr. M.S. Swaminathan during 1963. Borloug was invited to our country and he suggested for 
introduction of semi dwarf varieties from Mexico. As a result four commercial spring wheat 
varieties viz., Sonara 63, Sonara 64 Mayo 64 and Lerma Roja 64 were introduced. However they 
had red kernel hard wheats. These were utilised in our breeding programme and amber colour 
wheat varieties like Kalyan Sona, Safed Lerma, Sharbati Sonara were released, these are double 
gene dwarfs.  

 

b) Inter specific crosses  
To get Hessian fly resistance. So also for rust resistance.  
 

c) Back cross method of breeding  
Rust resistance in Chinese spring from Thatcher.  
 

4. Hybrid wheat :  
At Kansas Agri. Expt. Station USA male sterile lines were identified by crossing 

T.timophevi x T. aestivum Bison variety By repeated back crossing a male sterile line resembling 
Bison was evolved. At present USA and Canada are doing work on this.  

 

5. Mutation breeding  
Dr. M. S. Swamina than did extensive work on this with gamma rays.  

Sharbati Sonara with increased protein content was evolved.  
 

6. Development of multilines  
Borlaug developed multilines against rust. MLKS 15 was developed at IARI.  

Multiline is a mixture of pure lines which are phenotypically similar but genotypically dissimilar. 
Each line is produced by separate back cross method of breeding. Each line having resistance 
against a particular race of a disease.  
 

B reeding centers: 
- International Maize and Wheat improvement Centre (CIMMYT) Mexico.  
- Directorate of Wheat Research (DWR), Karnal. 
- All India Coordinated Wheat Improvement Project (AICWIP) – Karnal (earlier New. 

Delhi) 
 

Practical Achievement:  
 The semi dwarf varieties of wheat have been developed through the use of Japanese line 
Norin 10 as a source of dwarfing gene which led to “green revolution” in wheat production. The 
productivity of Semi dwarf varieties is about two and half times more than old tall growing 
varieties. More over these varieties are highly resistant to lodging and are highly responsive to 
fertilizer doses.  
 

:Lecture No. 4  
MAIZE (Zea mays) 2n = 20 

Corn is the queen of cereals and it is the important crop next to rice and wheat with 

regard to total area and production. It is studied to a much wider range of climatical conditions 

than rice and wheat, because of its greater adoptability.  

Origin:  Central America  
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Distribution:  USA, China, Russia, Canada and many south Asian countries 

Progenitors:  Zea tunicata  

  Z. teosinte  

 It belongs to the tribe Maydeae of family gramineae.  

Wild relative: Teosinte: There are three species of teosinte of which Zea mexicana is annual 

diploid (2n = 20) like maize.  

Gamma grass another close relative belongs to genus Tripsacum  

 The genes Zea characterized by male terminal inflorescences with paired staminate 

spikelets and lateral female inflorescences with single or paired pistil late spike lets  

Genus Zea contains four species  

1. Zea mays   (2n = 2x = 20) = Corn 

2. Zea mexicana   (2n = 2x = 20) = Annual teosinte  

3. Zea perennis   (2n = 4x = 40) = Perennial tetraploid teosinte  

4. Zea diploperennis  (2n = 2x = 20) Perennial diploid teosinte  

B reeding objectives :  

1. Yield :  

Complex character controlled by polygenes. Attention is to be paid to have ideal plant 

type. Varietial hybridization as a maize breeding method did not gain popularity. The main 

reason for this is difficulty in getting superior segregants.  

2. Breeding for pest and disease resistance :  

Shoot fly, Stem borer, Heliothis are major pests. Mexican varieties are resistant. Downy 

mildews, leaf blight and helminthosporium are major diseases. Co1, CoH 2 are resistant. Taiwan 

lines are resistant to downy mildew.  

3. Breeding for high protein :  

Composed of two fractions. a) Protein in endosperm known as Zein which is nutritionally 

not balanced since it is lesser in lysine and tryptophan. 80% protein found in endosperm.  

b) Protein in germ (embryo) 20% balanced one. By increasing the embryo size we can increase 

protein content.  

4. Breeding for increased oil content.  

12-15% in germ. By increasing the embryo size we can increase oil content.  

5. Alternate sources of cytoplasm  

CMS - T. susceptible to helminthosporium, C and S Resistant.  

6. High yielding baby corn.  
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Zea mays. variety sachharata , Sweet corn. The green cobs can be eaten as salad. The 

cobs can be harvested 45 days after sowing. CoBc 1 is latest variety of baby corn.  

B reeding methods:  

1. Introduction :  

Initially the varieties were all introduced one.  

Sikkim primitive 1  

Sikkim primitive 2.   

Mexican line were first introduced during 16th century by Portugeese  

2. Mass Selection : Prior to 1945 mass selection was the only method used for maize 

improvement.  

KT 1 - U. P.  

RAS 1 - Rajasthan.  

By adopting mass selection technique it is possible to get yield increase by 19% per cycle.  

3. Ear to Row Selection :  

First proposed by Hopkins for improving oil and protein content of maize. This method 

involves selection of a number of phenotypically desirable ears out of a population grown in 

isolation. The selecte d cobs are harvested on single plant basis and keeping part of the seeds and 

remaining sown in rows. Based on the best performing rows during next season the reserve seeds 

are sown.  

This method is suitable for characters having high heritability like oil content and protein 

content. But it was not helpful to get increased yield.  

4.Modified Ear to Row method :  

Proposed by Lonquist.  

I.  Best ear heads from population selected (100 No.) and harvested on single plant basis. 

And threshed individually.  

II.  The single heads harvested are raised in progeny rows in more than one location 

representing different environment with local checks.  

III.  In the main station the progeny rows are used as crossing block. Pollen from best plants 

are collected, mixed and used for crossing the rows.  

Select best five plants from each rows and harvest them separately record the yield.  

On the basis of performance of over all locations only top 20% progenies are selected. 

These 20% will include the five plants selected.  

IV.  The seeds from 5 plants selected are sown in progeny rows and cycle is repeated.  

5. Hybridization and Selection  
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Not popular since isolation of superior recombinants was not made.  

6. Heterosis breeding :  

Instead of using CGMS lines, detasseling the female inbred line is followed in India. 

Since use of CGMS line is costlier compared to detasseling it is not followed.  

Crossing the inbreds of indigenous x exotic origin resulted in release of best hybrids.  

Indian x Indian   -   24 to 43% yield increase.  

Indian x U.S. dent  –  58 % yield increase  

Indian dent x Caribbean Flint –  47 to 54 % yield increase  

1. Single cross hybrid  

2. Three way cross hybrids - Ganga -5, Trishulatha   

3. Double cross hybrids - CoH 3  

4. Double top cross hybrid - White kernel hybrids - Ganga safed 2, Histarch, Ganga 4.  

7. Population Improvement:  

Recurrent selection technique was initiated by Dhawan in 1963. The initial synthesis of 

composites were done from high yielding inter varietal crosses which exhibited minimum 

inbreeding depression.  

Kisan, Jawahar, Vikram, Sona, Vijay, Amber.  

 

VARIETIES / HYBRIDS RELEASED IN MAIZE 

 
Lecture No: 5  
 
 

SORGHUM (Sorghum bicolor) 2n = 2x = 20  
Sorghum is one of the most important food crops in a semi – arid tropics.  

 Origin: S.E. Africa 

Distribution:  

 A number of land races, wild forms found in S.E. Africa, says the origin Ethiopia in 

Africa from there it spread to other parts of world. It is grown in Africa, south and central India, 

China, Argentina, Australia and south and central plains of US.  

Progenitor of sorghum  

1. S.arundinaceum  

2. S.verticilliflorum  

3. S.sudanense  

4. S.aethiopicum  
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Classification :  

Right from 16
th 

century there were number of classification for the genus Sorghum. The 

famous among them is Snowden’s classification (1936) later refined by Garber (1950) and by 

Dogget (1970).  

SORGHUM 

  

Section I         Section II  

Sorghum (True Sorghum)     Para sorghum (other Sorghum)  

S.versicolor  
S.introns  
S.purpureosericeum 

Sub section           Sub section              S.nitidum 
Arundinaceae (2n=20)   Halepensia (2n=20, 40)   S.plumosum  

S.halepense     
S.miliaceum 
  

Series    Series    S.almum  
Spontanea(grass)  Sativa (grain)   S.propinquum  
S.sudanense    S.vulgare   S.radolphianum  
S.aethiopicum   S.subglabaesence  
S.virgatum   S.dochna  
S.verticillifolium  
S.stapfii  
 
The latest classification was done by Harlan and De Wet (1972).  

1.Bicolor (B): Grain elongate, glumes clasping the grain which  
may be completely covered or ¼ exposed.  
2.Guinea (G): Grains flattened dorso-ventrally.  
3.Caudatum(C): grains asymmetrical, glumes 1/2 the length of 
the grain.  
4.Kaffir (K): Grains symmetrical (spherical), glumes clasping in 
varying length.  
5.Durra (D): Grains rounded obovate, wedge shaped at the base 
and broadest slightly above the middle; glumes very wide.  

 

According to them, the cultivated sorghum Sorghum bicolor is divided in to five basic 

races based on the coverage of glume on the grain  

B reeding objectives 

1. High grain yield  

2. High forage yield 

3. Breeding for non-lodging sorghums.  



 35 

4. Dual purpose genotypes with high grain and fodder biomass potential per unit time. 
5. Early maturity  

6. Resistance to biotic stresses (diseases like grain mold, downy mildew, rusts, leaf blight, 
leaf spots etc. 

7. Resistance / Tolerance to insects like shoot fly, stem borer, gall midge etc. 

8. Resistance to abiotic stresses like salinity, drought with resistance to low HCN content  
9. Breeding for quality characters like bread making, redgrain for biscuit making protein 

and lysine content. 
10.  Breeding for special traits like sweet sorghums and striga resistance.  

11.  To isolate alternate sources of cytoplasmic genic male sterile lines  

B reeding Procedure:   

Sorghum is often cross pollinated crop. So to maintain varietal purity isolation distance of 

400 meters is necessary. Compared to other often pollinated crop like red gram, maintenance of 

inbreds is easy in sorghum. By putting brown paper and selfing the genetic purity can be 

maintained.  

1. Introduction : Varieties of milo and kafir sorghum introduced from USA are used in 

conversion programme to convert the local long duration photo sensitive varieties to short 

duration, non-photo sensitive lines.  

2. Selection : Old varieties like Co1, Co2, Co4 are all selection made from local land races.  

3.Hybridization and selection  

a) Inter varietal  

(IS 4283 x Co 21) x CS 3541, Three way cross derivative Co 25  

(MS 8271 x IS 3691) - Single cross derivative Co26  

b) Inter specific  

Co 27 Sorghum. (Co11 x S.halapense)  

4. Heterosis breeding :  

Use of CMS lines.  

CSH 5 2077 A x CS 3541  

5. Mutation breeding :  

X ray mutant from CSV 5 (148)  

Co 19 is a natural mutant from Co 2  

6. Back cross method :  

By following backcross method of breeding sorghum conversion programme was 

initiated. The long duration photosensitive germplasm was converted in to photo insensitive 

short duration sorghums. This was done at USA Similar programme was done at ICRISAT also.  
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7. Population improvement :  

With the use of cytoplasmic genetic male sterility as well as genic male sterility we can 

go for population improvement. The local land races can be used as pollinators and by half sib 

family selection, we can isolate lines. We can follow recurrent selection idea to develop superior 

inbreds.  

8. Use of Apomictic lines :  

Some apomictic lines have been identified which can be utilised in breeding programme 

and by vegetative propagation we can fix up heterosis. E.g. R473 from Hydrabad. 

B reeder centers:  

 International sorghum improvement work is carried out by ICRISAT (International Crop 

Research Institute for Semi Arid Tropics)  

 In India at Directorate of Sorghum Research (DSR), Hyderabad  

Practical Achievements:  

 Hybrids are developed by using cytoplasmic genetic smale sterility combined kafir 60 
Varieties: CSV1 CSV-2, CSV-4, M35-1, CSV-13  
Hybrids: CSH-1, CSH-2, 3 etc for kharif  and CSH 7, 12, 13 for Rabi  
 
 

Lecture No. 6 
PEARL MILLET (Penisetum americanum)  

(Bajra – Bulrush Millet) (2n=14)  
 
 Pearl millet is also known as Bajra, is an important food crop of semi arid tropics. It is 

also grown as fodder crop  

Origin: W. Africa 

Distribution:  

 Africa, India, Pakistan, South East Asia, USA and Europe  

Taxonomy : The genus Pennisetum is having more than 140 species. Stapf (1954) has divided 

the genus Pennisetum in to five sections viz.,  

1. Gymnothrix  

2. Eupennisetum  

3. Penicillaria  

4. Heterostachya  

5. Brevivalvula  

The cultivated Pennisetum glaucum belongs to the section penicillaria.  

Progenitors :  
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1. Pennisetum purpureum  

2. P.qumulatum 

3. P. orientale 

Origin and putative parents.   

Stapf included 32 species is Penicillaria. Of these 32 species found is Africa, six annuals 

are considered wild and probable ancestors of the cultivated one. They are  

1.  P perottettii  

2.  P. molllissimum  

3.  P. violaceum  

4.  P. versicolor  

5.  P. adonense  

6.  P. gymnothrix  

The cultivated specie s of pennisetum is believed to have originated thro’ hybridization with in 

these six species.  

 

 

 

Breeding objectives :  

1. Breeding for high grain yield  

To get high yields the following plant characters are necessary  

a) more number of tillers  

b) well filled, compact, long panicle.  

c) heavy grains.  

d) Uniformity of ripening.  

Under irrigated conditions photo insensitivity and early maturity are essential for multiple 

and relay cropping.  

2. Breeding for improved grain quality.  

It can be achieved by incorporating yellow endosperm to improve vitamin A content or 

white endosperm to improve protein content.  

3. Breeding for drought tolerance :  

This can be achieved thro’ evolving lines having shorter duration so that they can escape 

drought, lines with more adventitious roots, lines with high leaf water potential and high 

chlorophyll stability index are to be evolved.  
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4. Breeding for disease resistance  

Downy mildew is the major disease. Ergot and smut comes next. Of late, rust at late stage 

is also becoming a major problem.  

Lines having Local Bellary cytoplasm (732 A) are observed to be downy mildew resistant.  

5. Breeding for alternate source of cytoplasm in male sterile lines.  

Original Tift 23 A evolved at Tifton, Georgia is highly susceptible to downy mildew. 

Because of this the HB series went out of cultivation. The indigenous 732 A obtained from 

Bellary is resistant. Similarly L 111A of Ludhiana is also tolerant.  

A
1
, A

2
, A

3 
and A

4 
are there 732 A belongs to A

4 
cytoplasm.  

6. Breeding for to have high forage value :  

The forage cumbu must have following characters.  

a) high sugar content in the stem juice  

b) Increased leaf number with more breadth.  

c) Digestibility.  

 

 

Breeding Procedures  

1. Introduction : Hybrid bajra from Punjab.  

           Tift 23 A from USA  

2. Selection : Pure line selection : Co 2, Co 3,  

3. Hybridisation and selection  

Interspecific hybridisation.  

Pennisetum glaucum           x  P.purpureum  

 

Cumbu napier hybrids.  

4. Heterosis breeding : Hybrid bajra  

In earlier days before the identification of male sterile lines utilising the protogynous 

nature hybrids were released. The hybrids were produced by sowing both parents in the ratio of 

1:1.  

After the discovery of cytoplasmic genic male sterile line Tift 23A by Burton in Tifton, 

Georgia led to development of hybrids. Earlier hybrids of India viz., HB1, HB2 to HB5 were 

produced utilising Tift 23 A. But due to susceptibility to downy mildew they went out of 

cultivation. Even before the discovery of CGMS lines by Burton it was discovered by Madhava 
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Menon and his coworkers at Coimbatore. Unfortunately due to failure of publishing it was not 

recognised.  

To over come the problem of downy mildew male sterile lines L 111A and 732 A were 

isolated and at present used in breeding programme.  

There are number of CMS lines developed by private agencies like  

Nath seeds, Mahyco, Mahendra.  

5. Population improvement :  

ICRISAT entry WCC 75 is an example for population improvement. This was developed 

from world composite by recurrent selection method. It was developed from derivatives of 

numerous crosses between diverse sources of germplasm and Nigerian early maturing land races 

known as ‘Gero’ millets. Another example is ICMV 155 of ICRISAT.  

6. Synthetic varieties :  

Synthetics are produced by crossing in isolation a number of lines tested for their GCA. 

E.g. ICMS 7703.  

It is a result of crossing between 7 inbred lines of India x African crosses  

7. Mutation breeding  

At IARI Tift 23 A was gamma irradiated and 5071 A resistant to downy mildew was 

evolved. With this the hybrid NHB 3 was evolved (5071 A x J 104)  

B reeding centers: 

International Crops Research Institute for Semi Arid Tropics (ICRISAT,) Hyderabad  

All Indian Pearl Millet improvement project (AIPIP) Jodhpur (Rajasthan)  

Practical achievements 

 Varieties: PS B – 8,  PSB 15, mukta 

 Hybrids : HHB 45, HHB 50 from Hissan GHB 30, GHB – 27 from Gujarat 



 40 

FINGER MILLET (Elusine coracana) (2n = 36)  
Ragi  

 

 The common name finger millet to derived from finger like branching of panicle –  Ragi 

is derived from Sanskrit worel Ragika.  

Origin: According to vavilor – Africa 

  According to Decandole –  India  

Distribution: India, Africa, Pakistan.  

Progenitors : E. indica is wild in India and Africa 

  E. stricta is wild only in Africa 

Wild relatives :  

The genus Eleusine comprises of 11 species of which 6 are diploids and 5 are tetraploids.  

1. Eleusine indica  

2. Eleusine oligostachya  

3. E.tristachya  

4. E. poranansis  

5. E. jaegeri  

6. E. flacifolia  

(2n = 36)  

1. Eleusine coracana  

2. E. africana  

3. E. longipoides  

4. E. verticillata  

5. E. cagopoides  

Breeding objectives: 

1. Higher yields 

2. Early maturity  

3. Better quality  

4. Resistance to diseases 

5. Resistance to pests 

6. Resistance to Abiotic stress 

 

 

B reeding techniques  
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1. By introduction  

Indaf 5 Ragi from Karnataka.  

2. By selection  

Pure line selection. Earlier varieties were all evolved by pure line selection.  

3. Hybridization and selection  

The African types are with long fingers, bold grain with stiff straw. Further they are 

photosensitive and have un even grain maturity. Because of this character they are not 

recommended for cultivation in India. The Indian types are with short fingers, small grains and 

photo insensitive. The African types are utilised in hybridization programme, to develop extra 

long fingered varieties coupled with disease and drought resistance. The Indian African cross 

derivatives are known as Indaf varieties which are interspecific.  

Other state varieties  

E.g. Indaf 5 cauvery x IE 929  

Indaf 9  

4. Heterosis breeding :  

Artificial induction of male sterility through use of gametocide, GA3, 2-4-D are being 

attempted.  

5. Mutation breeding : T20 - mutant from AKP - 7. 

 

Practical achievements:  

 Varieties saroda, Kalyani, Simhadri, Padmavathi, Ratnagiri, Godavari, Gauthami  

 

 Lecture No: 7  
Sugarcane (Saccharum officinarum) 2n = 80  

 

Origin: India  

 The word sugarcane is derived from Sanskrit word ‘sharkara’ meaning sugar. It includes 

3 cultivated species like S. officinarum, S. barberi, and S. sinense.  

Wild species  

1. S. spontaneum, 

2. S. robustum. 

Cultivated species: 

S. officinarum (2n = 80)  

S. sinense (2n = 118) 

S. barberi (2n = 82 – 124) 
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S. officinarum is also known as noble cane. The term noble was given by Dutch scientists 

in Java to tall, handsome, large barelled and colourful canes of this species. The canes of this 

species have thick stem, soft rind, low fibre, high sugar content, high cane yield, and resistance 

to smut. 

1. S. robustum   S. officianarum  (New Guinea)  

2. S. officinarum      X  S. spontaneum  S. barberi and S. sinense (North India).  

Origin of cultivated species:  

 The wild progenitor for S. officinarum is S. robustum  

  S. officinarum  x S. sponataneum 

     Mutation, selection, hybridization  

   S. spontaneum  

 

   S. barberi.  

Distribution : India, Brazil, Cuba, China, USA, Mexico, France, Germany and Australia. In 

India, Uttar Pradesh, Maharashtra, Haryana, Andhra Pradesh, Tamilnadu, Karnataka, Bihar and 

Punjab. India stands first in sugar and sugarcane production in world.  

B reeding objectives:- 

1. High cane yield / height of stem, thickness, tillering capacity, no of villable canes / plant 

and weight of individual cane.  

2. Moderate high sucrose content  

3. Early to full season maturity  

4. Resistance to diseases. 

a) Red rot  b) Smut  c) Wilt  d) Mosaic   

e) Ratoon – stunting disease  f) Grassy – shoot  

5. Resistance / tolerance to insect pests 

a) Shoot borer  b) Cane borer  c) Pyrilla  d) Mealy bugs  

e) White flies    f) Termites  g) White grub 

6. Tolerance to abiotic stresses 

a) Drought  b) Salinity  c) Flooding  d) High temperature  

7. Wider adaptability  

B reeding procedures:  

1. Hybridization: 3 basic types of crosses are made  
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i) Biparental crosses:- These are the crosses resulting from 2 known parental clones. 

This is easily achieved by bringing together the two parents in an isolated area or under 

lanterns 

ii) Area crosses: In this system several male sterile female clones are pollinated by one 

male parent in an isolated area. 

iii) Melting pot crosses: Melting pot crosses or polycrosses are made by bringing together 

arrows of large number of superior / potential parental cultivars in an isolated area. 

Natural cross pollination is allowed. This procedure allows the evaluation of breeding 

behaviour of a large number of clones at a minimum expense.  

2. Breeding for resistance to diseases:-  

1. Red rot:- It is a major problem in sub-tropical countries. The major sugarcane varieties which 

are found to be resistant to this disease are  

Co 1148, 1336, 6304, Co 5659, CoS 698 etc.  

Smut: Serious disease in many sugarcane growing countries resistant commercial varieties in 

India are  

Co 449, 527, 853, 1148, 1336. 

3. Mutation Breeding:  

According to Heinz x-ray - Irradiation to induce mutations in sugarcane were carried out in 1927. 

Many mutation breeding programmed with x – rays and gamma – rays were started during early 

sixties in India.  

- Mutation breeding in sugarcane aims at creating economic mutants for higher cane yield, 

non – flowering and resistance to various diseases such as redrot, smut, downy mildew 

and to various insect borers. 

- Gamma-rays as well as chemical mutagens such as EMS are applied mostly on buds.  

4. Abiotic stress tolerance / reistance:-  

- Common abiotic stresses for sugarcane as in other crops are drought, flooding, salinity, 

high temperature freezing temperature  

- According to Zobel, they are following 3 basis steps for breeding stress resistance 

cultivars. 

(i)  Identifying and characterizing crop traits that are needed for resistance against a 

particular stress 

(ii) Identifying and characterizing the genotypes that are capable of filling the needs are 

determined under step I above.  
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(iii) Manipulating genes to pr oduce an adapted variety that has the required characteristics 

and fills other specific needs.  

5. Biotechnology:  

- Regeneration of sugarcane plant from callus has been possible. 

B reeding centres:-  

1. Sugarcane breeding institute, Coimbatore 

2. Indian Institute of Sugarcane Research, Lucknow  

3. State sugarcane research stations, such as shahjahanpur (UP), Seorali, (Deoria) (UP), Pusa 

(Bihar), Padegaon (Maharashtra) and Anakapalli (AP).  

 

Drought   :  Co 285, Co 740, Co 997, Co 1148 

Frost   : Co 1148, N Co 310 

Salinity   : Co 453, Co 62125 

Lodging   : Co 6304, Co 7117, CoS 7918 

Water logging  : Co 1157, Co 975, Co 785, Bo 91, Bo 104, Bo 106, Bo 109 

Top borer  : Co J 67, Co 1158 

Inter nodal borer : Co C 671, Co 975 

Red rot  :  Co 7627, Co J 64, CoR 8001. 

 

Lecture No: 8 
PULSES  

 
The pulse crops in general give lower yields than the cereals. Pulses are rich in protein and it 

takes more energy weight for weight to synthesise protein than carbohydrates. When you 

compare the energy requirement of various metabolic pathways. one gram of glucose can give 

rise to 0.8g of carbohydrate but on an average only about 0.5 g protein and even less of oil.  

The protein from pulses are incomplete. Legumes are good source of lysine, tryptophan and 

theonine but are low in suphur containing amino acids methionine, cystine and cystene which are 

adequate in cereals. So a mixture of cereals and pulses are recommended for food. Many grain 

legumes contain toxic inhibitors which are removed while cooking.  

Further maintenance of nitrogen fixation in roots require prolonged use of photosynthate and 

thus may reduce the energy available for storage in seeds.  

Main reasons for low yield compared to cereals   

1. Indeterminate growth habit  
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2. Long continued natural selection 

3. Cultivation on poor soils 

4. Inadequate use of fertilizers 

5. Inadequate plant protection measures 

6. Rainfed cultivation 

7. Photo sensitiveness  

 

RED GRAM (Cajanus cajan) (2n = 22)  
  Pigeon pea / Red gram is an important pulse crop next to chickpea in India. India is a 

largest producer i.e. 90% of the  world’s production  

Origin: Africa and India  

Distribution: India, Uganda, Kenya, West Indies, Burma etc. In India, Maharashtra, Uttar 

Pradesh, Madhya Pradesh, Karnataka, Gujarat and Andhra Pradesh and under irrigated belt in 

Punjab, Haryana and Rajasthan.  

Progenitor: Cajanus cajanifolius  

  Atylosia lineate   

Genus Cajanus and Atylosia and have many similarities. Cajanus has more than 30 

species. The view is that Cajanus arose from Atylosia . In western ghats, West Bengal and Orissa, 

Atylosia species are known as wildtur. Now this genes has been included in Cajanus.  

Breeding objectives:  
1. Evolution of long duration high yielding variety suitable for rainfed to replace the local 

land races :  

SA1 - Released during 1940  

2. To evolve short duration (105 days) varieties suitable for irrigated / mixed crop with 

ground nut.  

ICPL 87 - ICRISAT  

3. Breeding for bold grain type with desirable seed coat color  

HY 3C long duration variety with dull white seed coat and bold grains.  

4. Breeding for vegetable type  

Green pods with bold seeds are used as substitute for green peas in some areas are 

perennial types  

5. Breeding for resistance to pests.  

Heliothis is the major pest, terminal cluster types are highly susceptible. All our varieties 

are highly susceptible.  
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6. Breeding for disease resistance :  

Sterility mosaic, root rot, blight are important diseases. Wild species  

Cajanus scaraboides, C.lineata are having resistance.  

7. Breeding for high protein content and quality  

Mean protein content 23%. The wild species have 27% to 29% , Red seed coat contains 

more polyphenol (Tannin) than white seed coat. So preference is towards white seed coat. Red 

grain contains lesser amount of sulphur containing amino acid. When we increase protein content 

there will be lesser amount of these amino acids. So care is to be taken to increase them.  

8. Breeding high yielding perennial redgram suitable for bund cropping  

Breeding procedures   

1. Introduction :  

E.g. Prabhat short duration variety from IARI, ICPL 87 from ICRISAT.  

2. Pure line selection  

Earlier breeding work was based on the assumption that Redgram is a self pollinated 

crop. However it was later found to be often cross pollinated crop.  

3. Hybridization and selection :  
Inter varietal : VBN 1 ( Prabath x NY 34) (T.12 x 102)  

Inter generic : C. cajanus x Cajanus lineata  

C.cajanus x C. scaraboides are being attempted  

4. Mass selection :  
5. Population improvement :  

Using male sterile line and recurrent selection methods.  

Two populations are used, one is seed parent and the other is pollen parent. The seed 

parent must have one or two easily identifiable recessive character and the pollen parent more 

dominant genes. The seed and pollen parents are sown in alternate rows so as to maximize 

natural cross pollination.  

The F
1
’s and selfed ones are identified in So generation. The identified F

1
s are space planted in 

the next generation S
1
. In S

2 
generation they are yield tested in 3 environments and best ones are 

either recycled or taken to conventional breeding programme.  

6. Mutation breeding  

 LRG-30 variety was susceptible to wilt was irradiated and wilt resistant variety was 

developed as ICPL-270 

7. Heterosis breeding  
Red gram Ideal plant type  
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a) Long duration:  
The genotype that have steady rate of growth and have a moderate harvest index.  
High seed weight  
Long pods  
Increased number of pod bearing branches.  

b) Short duration :  

Dwarf in nature with erect branches having high dry matter production  
High seed wt.  
Long pods.  
Increased no of seeds / Pod  
Less flower dr op.  

c) Breeding centers:  
 Internation Crop Research Institute for Semi Arid Tropics (ICRISAT) Hyderabad  
Practical Achievement:  
 Varieties: Prabhat, Vishakha, Sharada, ICPL – 87 
 Hybrids: ICPH – 8  
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SOYBEAN (Glycine max ) 2n = 40 
 
 One of the important oil yielding crop of world it is miracle crop giving  

42 – 45 per cent protein and 19-20 per cent oil it belongs to family leguminoseae  

Origin: China 

Distribution: USA, Brazil, China, Argentina and India.  

Progenitors:  G. usuriensis  

G. tomentolla  

  G. tabacina 

  G gracilis  

Glycine max is originated from G. usuriensis and G. tomentolla  

Breeding objectives: 

1. Breeding for short duration high yielding varieties  

The yield of soy bean plant is determined by size, number of seeds per pod and number of 

pods / plant. The number of pods/ plant is determined by number  of nodes / plant, number of pods / 

node. Each of the above components of yield are polygenic in inheritance and so it is complex.  

The duration is also determined by multiple genes. Maturity is correlated with height of the plant. 

Early varieties will be short is stature.  

2. Breeding varieties suitable for rice fallows  

Short plants 65 -70 days duration. Suitable for inter cropping also in banana and sugarcane.  

3. Breeding for quality  

a) Seed coat color and quality – Yellow, Black, Brown Green 

b) Oil content and quality  

c) Protein content  

a) Seed coat color:  

May be yellow, green, black, brown or combination of all the above colours. For oil 

extraction yellow color is preferred because of high oil content where as black seeded varieties are 

low in oil content but high is protein content.  

b) Oil content and quality:  

Oil content is greatly determined by environment :  

Yellow seed coat varieties are rich in oil. Complex character determined by poly genes.  

 

 

c) Protein content and quality:  
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Ranges from 35 to 50%, protein content is negatively correlated with oil content so while breeding 

for high protein content a compromise is to be made.  

4. Breeding for vegetable type  

AVRDC, Taiwan has evolved vegetable types  

5. Breeding for forage type of soybean  

6. Breeding for non -shattering type  

E.g. Lee, Co2  

7. Breeding for YMV resistant lines  

Co 2  

Breeding Methods:  
1. Introduction :  

EC 39821 from Taiwan - released as Co1  

2. Pure line selection  

Co1  

3. Hybridization and selection  

 Clark,  

4. Mutation breeding. 

 

B reeding centers:  

- Asian Vegetable Research and Development Centre (AVRDC) Taiwan 

- International Institute of Tropical Agriculture (IITA) Nigeria 

- In India National Research Centre for Soybean (NRCS) Indore (M.P)  

 

Practical Achievements:  

 Varieties: Bragg, Clark 63, Hardee, MACS 13 etc.  

 
Lecture No: 9 

GREEN GRAM (Vigna radiata ) 2n = 22  
Also known as mung bean  

Origin: India  

Distribution : India, Pakistan, Bangladesh, Srilanka, Philippines, Taiwan, Thailand, Nepal and 

Southern Asian countries. In India, Maharashtra, UP, MP, Karnataka, Gujarat A.P, Tamil Nadu 

and Rajasthan.  

Progenitor: Vigna radiata var: sublobata  

Breeding objective:  
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1. High yield, medium duration dry land varieties  

2. High yielding, short duration irrigated varieties :  

     Lines having rapid growth rate or dry matter increase associated with high harvest index.  

3. Breeding for rice fallows  

4. Breeding for disease resistance , YMV, Leaf crinkle virus , Tarai local Lm 214 - resistant  

5. Breeding for quality  

a) Mung bean has highest digestibility among grain legumes from 83 to 90%. Varieties having 

bold seeds to use as sprouts is the aim.  

b) Transfer of high methionine content from black gram to green gram.  

c) High dal r ecovery - 80% and more  

d) Less hard seed.  

Breeding Methods:  

1. Introduction - Pusa baisaki  

2. Pure line selection - Co1  

3. Hybridisation and selection  

Inter Varietal :  

Inter specific - To transfer high methionine content from black gram to green gram.  
V. radiata x V.umbellata rice bean to transfer resistance to bean fly crossing with 
V.radiata var. sublobata resistance to bruchids  

5. Mutation breeding  
Co4 - mutant of Co1 

6. Embryo culture :  
Green gram x Black gram  

Ideal plant type  
1. 60 - 65 days duration with determinate habit for irrigated conditions  
2. 80 days duration with indeterminate type for dry land condition  

Plants with more pods and seeds, increased branches poding from base of main stem with 
synchronised maturity non - shattering habit. 

Varieties:  
 Jawahar – 45, WGG-2, LGG-127  
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Black gram (Vigna mungo) 2n = 22 

Origin: India 

Distribution: India, Pakistan, Sirlanka, and South Asian countries. In India, Maharashtra, UP, 

MP, Karnataka, Gujarat A.P, Tamil Nadu and Rajasthan.  

Progenitor: Vigna mungo var silvestris  

Vigna radiata var sublobata – common progenitor of green gram and black gram.  

Breeding objectives  
1. Evolving medium duration high yielding varieties for dry land cultivation.  

2. Evolving short duration high yielding varieties suitable for irrigated conditions.  

This can be used as mixed crop in cotton, turmeric Short duration varieties are Co2, Vamban 

1, 2 and 3.  

3. Evolving short duration varieties suitable for rice fallow condition s  

4. Breeding varieties resistant to diseases  

YMV is a serious disease. Leaf crinkle virus, powdery mildew.  

5. Pest : White fly vector for YMV and leaf crinkle, leaf eating caterpillar  

6. Breeding for better quality  

24% protein. There are lines having 27% protein. These can be utilized. 

Quality of black gram is determined by  

a) Protein content  

b) Methionine content 1.17%  

c) cooking quality - Time  

d) % of hard seeds.  

e) Dal recovery 70%  

Breeding methods  
1. Introduction :  
2. Pure line selection :  
3. Hybridization and selection  
a) Intervarital  
b) Inter specific :  

Vigna mungo x V.mungo var.sylvestris - Pantnagar. YMV resistant lines obtained. but pod 

shatters. More number of back crosses suggested.  

Vigna mungo x V.radiata for increasing pod length, digestibility. Sterility is the main problem. Few 

plants obtained revert back to parental form.  

4) Mutation breeding  

5) Embryo rescue - Attempted in inter specific crosses.  

Ideal plant type  
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For irrigated and Rice fallows  

Determinate type, short duration, high dry matter producing with 30cm plant ht.  

Photo insensitive.  

For rainfed condition .  

Semi determinate with pod setting from base of the main stem; higher pod length and more number 

of seeds / pod.   

B reeding centers:  

ICRISAT,  - Hyderabad  

ICARDA,        - (International Crops for Agricultural Research in Dryland Areas) –  Syria  

AVRDC          - (Asian Vegetable Research and Development Centre)  

IIPR                 -    (Indian Institute of Pulse Research), Kanpur  

Varieties: 

Black gram :  T9, T27, LBG-17, LBG-402 
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Bengal Gram – Chickpea (Cicer arietinum ) 2n = 16 

The most important pulse crop India is the largest producer of chickpea in the world. 

Origin: According to Vavilov (1926) –  S.W. Africa and Mediterranean region  
  Later, Vander Maesun (1984) –  Turkey and Syria  
Distribution: India, Pakistan, Mexico, Turkey, Ethiopia, Burma and Maynmar. In India M.P. 

U.P. Rajasthan, Haryana accounts 75-80% of the India’s production other states are Maharashtra, 

Bihar, West Bengal and Andhra Pradesh.  

Progenitors :  
   Cicer bijugum  
   C. echinospermum  
   C. reticulatum   
Genus Cicer has 49 species, out of these nine are annual and forty are perennial  

Breeding Objectives:  
1. Increased seed yield  
2. Increased biomass, tall, erect and compact cultivars  
3. Resistance to diseases like A, blight, Fusarium wilt , Root rot, Botrytis grey mold.  
4. Resistance to insect pests –  Pod borer  
5. Tolerance to stress environments 

a) Cold  b) Heat  c) Drought  d) Saline and Alkaline.  
Plant type in chickpea  

1. Compact plant type  
2. Medium tall are preferred 
3. Optimum number of primary and secondary and minimum number of tertiary branches  
4. Photo thermo sensitiveness 
5. Determinate growth habit for harvesting uniform produce  
6. Well developed nodules  

Breeding procedures: 
1. Pedigree method: for resistance breeding (disease, insect, nematode, orobanche spp)  

2. Modified bulk method :  for stress situations (drought, cold, heat, iron deficiency) 

3. Back cross method: for interspecific hybridization. Limited backcross (one or two) for 

desi x kabuli introgression and also for resistance breeding. Resistance to fusarion wild 

can be easily transferred from desi to kabuli type  

4. Somaclonal variation: through plant tissue culture appears to be a potential tool for 

generation and exploitation of useful variability.  

Lecture No: 10 
GROUND NUT (Arachis hypogcaea) (2n = 40)  

 
 It is important oil seed crops in India, grown in subtropical and warm temperate zone also 

called as peanut or monkey nut. It contains 45-55 per cent oil and 25-30 per cent protein.  

Origin: Brazil  
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Distribution: 

 India, China, USA, Africa, South and South East Asia In India, Gujarath, Andhra 

Pradesh, Karnataka and Tamil Nadu Maharashtra, Madhya Pradesh, Rajasthan Uttar Prdesh, 

Punjab. 

Progenitor:  

 Arachis monticola 
 A – prostrata  
 A – silvestres 
Putative parents and origin of cultivated ground nut.  

The cultivated ground nut is a Allotetraploid having A and B genomes. The genus Arachis is 

sub divided into 7 sections. The cultivated ground nut comes under section Arachis. This section 

includes 12 species of which hypogaea is the only cultivated species having 2n = 40. The other one is 

A.monticola. The rest ten species are diploids.  

Groundnut an unpredictable Crop  

Ground nut is popularly known as unpredictable legume. Since the pods are borne below 

ground positively geotropic we cannot predict its performance before harvest as in the case of other 

crops. Further Ground nut is highly influenced by environment.  

If there is no favourable environment yield alone will not be affected but also the quality characters. 

Less boron means low shelling % and more of immature seeds moisture stress leads to lower yield 

as well as reduction in well developed kernels. Oil percentage is also influenced by environment. 

Excess moisture leads to more vegetative growth and reduction in yield. Compared to any other crop 

here. G x E interaction is more pronounced.  

Besides abiotic stress, biotic stress also play a major role rust and leaf spot in diseases, red 

hairy caterpillar and leaf minor in pests cause major havoc.  

Seed multiplication ratio is 1:5. This is also one of the bottlenecks in the spread of improved 

varieties.  

 

 

Classification :  

The genus Arachis is subdivided in to the following seven sections. (Gregory and Gregory, 

1973)  

Arachis  
Erectoides  
Rhizomatasae  
Extranervosae  
Triseminate  
Ambinervosae  
Caulorhizae.  
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1. Arachis 2n  
Arachis villosa 20  
A.batizoccoi 20  
A. cardinassi 20  
A.chacoense 20  
A.monticola 40  
A.hypogaea 40  
2. Erectoides  
A.tuberosa 20  
A.paragurensis 20  
3. Rhizomatasae  
A.glabarata 40  
A.hagen beckii 40  
4. Extra nervosae  
A. Villosulicar pa 20  
A.marginata 20  
5. Triseminate  
A.pusilla 2n = 20  
6. Ambinervosae  
none, named  
7. Caulorhizae  

A. repens 2n = 20  

In hybridization programme intersectional hybridization is not successful but intra sectional 

hybridization is successful keeping wild species as female is more successful.  

According to Smart 1961 A.hypogaea has been sub divided in to two sub species  

viz. A.hypogaea subsp. hypogaea  

A .hypogaea subsp fastigiata  

According to this hypogaea the first two nodes bear vegetative branches then next two 

branches bear inflorescence  

fastigiata : Inflorescence are borne on second and subsequent nodes of primary branches.  

Karpavickas (1968) recognised two other botanical varieties in each of the sub species.  

A.hypogaea subsp hypogaea  

var. hypogeae. Virginia type spreading  

var hirsuta hirsuta type semi spreading.  

A . hypogaea sub. sp. fastigata  

Var. fastigata (Valencia type)  

subsp var vulgaris Spanish bunch.  

In India the cultivated types are grouped into  

i) Bunch type Valencia Spanish bunch  

ii) Semi spreading - Virginia bunch  

iii) Spreading - Virginia runner.  

Breeding objectives:  
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1. Breeding high yielding bunch ground nut with dormancy suitable for dry land conditions  

The dry land bunch type sown during June - July often caught up in early N.E. monsoon rains 

which results in germination of varieties. So it is necessary to breed varieties having dormancy. Semi 

spreading varieties are dormant TMV 7 slightly dormant varieties, BSR.1, ALR 2 dormant for 15 

days.  

2. Breeding varieties for quality  
a) High shelling percentage > 75%  

Thin shelled varieties have high shelling percentage.  
b) High oil content > 50%  

TMV 10 the semi spreading variety is having 52% oil. Oil content is highly influenced by 

environment.  

ALR. 2-52% oil  

c) High sound mature kernel (SMK)  

Which is also influenced by environment. Increased boron application results in high shelling 

percentage and high SMK %  

d) Table purpose varieties  

Hand picked kernel for export market. Valencia types are suitable for this.  

3. Breeding disease resistance varieties .  
Rust and leaf spot are causing major damage. If the onset of rust is in initial stage it results in 

total failure. Late leaf spot hinders harvest of crop due to foliage loss.  
Tomato spotted wilt virus or Bud necrosis of late gaining importance. NCAC 17090 - 

resistant  
4. Breeding for pest resistant varieties  

Red hairy caterpillar, leaf miner are major pests.  
5. Breeding short duration (85 days) varieties suitable for irrigated conditions  
Breeding Methods:  
1. Introduction:  

All the ground nut lines are introduced ones.  
2. Selection :  

a) Pure line selection  
TMV 2 - Selection from local Gudiyatham bunch.  
b) Mass selection  

JL 24 from Taiwan variety.  
3. Hybridization and Selection  

a) Inter varietal  
Bunch x Bunch - VRI 2 (Co2 x JL 24)  
SSP x Bunch - VRI 3 (R 33-1 x Ah selection)  

b) Inter specific  

For transfer of disease resistance.  

Arachis sp :  

A.hypogaea  x  A.batizoccoi  

  2n = 40  2n = 20 (Resistant)  

          Triploid sterile  
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   doubled  

            Hexaploid  

Reduced to tetraploid.  
A . chacoense  
2n = 20  
A .monticola - for thin shelled conditions  
Extranervosa sp.  
A.villoulicarpa for increased number of pods.  

 
5. Mutation breeding  

Gregory in USA extensively adopted and released varieties.  

Co2 EMS from POL 1  

TMV 10 Natural mutant from Argentina local.  

TG 1 to TG 6 (Vikaram) from BARC Trombay.  

GNLM - Gujarat Narrow Leaf Mutant.  

6. Embryo rescue technique :  

A.puscilla x A.hypogaea crosses. But not much successful. Cotyledon culture is a success.  
7. Transgenic plants  

Transgenic plants for disease resistance. Transfer of a particular gene from wild species thro’ 

use of medium of carrier (plasmid) micro projectile bombardment direct transfer. Transfer of disease 

resistance gene from wild species through plasmid is a success. 

B reeding centres: 

ICRISAT,  Hyderabad  
NRCG,  (National Research Centre for Ground Nut Junagarh)  

Practical Achievements 

Varieties: Kadiri-3, JL-24, Tirupathi 1, 2, 3, 4 TMV – 2, J11, Vemanara, Jagtial-88 
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SESAME (Sesamum indicum) (2n=26) 
 
 It is an ancient oil seed crop of tropics and warm sub-tropics. It is also called as gingelly.  

Origin: India, and Ethopia (Africa)  

Distribution: India, Pakistan, Africa, China, Mexico, Iran, Iraq etc. 

Progenitors: Sesamum angustifolium 

  S. radiatum  

  S. alatum 

Wild species utilised in breeding programme  

1. S.alatum 2n = 26  

Resistant to phyllody S.alatum x S.indicum alatum is having dormancy.  

2. S.malabaricum (2n = 26) Occurs in Travancore of Kerala. It freely crosses with cultivated 

gingelly. Oil content is low 32% It is utilised to induce male sterility in cultivated sesame.  

3. S.laciniatum 2n = 32  

Tolerant to phyllody, drought and jassid resistant.  

Fertile auto allopoly ploid produced by crossing S.indicum x S.laciniatum  

Sterile, Double.  

4. S.prostratum occurs in S.India (2n = 26)  

Tolerant to drought.  

 

Breeding objectives  

1. Breeding high yielding varieties tolerant to drought.  

2. Breeding white seeded varieties  

Finest quality of oil is obtained from white seeded lines.  

3. Development of mono stemmed varieties.  

By this more population per unit area and yield can be increased. Monostemmed varieties are low 

yielders.  

4. Development of multicapsule / axil and multicarpellary varieties.  

5. Rice fallow varieties :  

Shorter in duration.  

6. Non- shattering varieties  

African lines.  

 

7. Resistant to disease  

Powdery mildew;  
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Phyllody - transfer from wild species.  

Breeding Methods :  

1. Introduction : African lines.  

2. Pure line selection.  

TMV6 - Andhra local.  

3. Hybridization and selection.  

a) Inter varietial  

b) Inter specific : Male sterile lines evolved by crossing with S.malabaricum.  

4. Population improvement  

5. Poly ploidy breeding  

6. Heterosis breeding  

Epipetalous nature makes emasculation and crossing easier  

Use of CMS lines is also being attempted.  

7. Embryo rescue technique.  

 Varieties Gouri, Madhavi, Rajeshwari, Swetha  

 

 

Lecture No: 11  
SUNFLOWER (Helianthus annuus) (2n=34) 

 
 It is an important oil seed crop. Oil content ranges from 46-52 per cent and is of high 

quality having non-cholesteral properties.  

Origin: America 

Distribution: USSR, Romania, Canada, USA In India this crop is introduced in 1969 from 

USSR. In India it is cultivated in Tamil Nadu Karnataka, Maharashtra and Andhra Pradesh, 

Punjab and Haryana 

Progenitors:  Helianthus petiolaris 
  H. gigants  
Wild species: H hirsutus  
  H rigidus 

 The genus Helianthus comprises of 67 species. Two species H .annuus and  

H. tuberosus are cultivated as food plants genus has basic chromosome number of 17 and 

diploid, tetraploid and hexaploid species are found.  

Cultivars of sunflower:  
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a) Giant types: 6 - 14 feet tall. Late maturing, Large heads 12 - 30” in diameter, seeds 

large, white or grey or with black stripes. Oil content is very low. E.g. Mamoth 

Russian.  

b)  Semi dwarf varieties :  

Medium tall - 4 ½ to 6 feet, Early maturing. Heads 7 - 9” in diameter. Seeds smaller, 

black, grey or striped. High oil content 35%. E.g. Jupiter, Pole star.  

c) Dwarf types  

2 to 4½ feet tall. Early maturing. Head size 5½ - 6½ “ diameter. Small seeds, high oil 

content 37%.  

E.g. Sunrise, Morden, Co1, Co2  

Breeding objectives  

1. To develop short duration varieties suitable for dry land and irrigated conditions .  

Dryland successful in black soils only. In red soil under rainfed it is not successful.  

2. B reeding varieties with high oil content :  

Ranges 38 to 48%. Complex character yield and oil content are negatively correlated. To 

increase oil content the shell must be thin.  

3. B reeding for self fertile lines.  

Protoandry and self incompatability mechanism operates in sunflower. Hence hand 

pollination is necessary. To avoid this self fertile lines can be evolved.  

4. B reeding for disease resistance.  

Maharastra hybrid susceptible to powdery mildew. Hence ban is there. Powdery mildew, 

rust, charcoal rot, Alternaria . Wild species like H .hirsuta are moderately resistance to 

Alternaria.  

5. Resistant to pests  

Heliothis , Grass hopper Jassids.  

 

Breeding Methods :  
1. Introduction : Morden from Canada.  

2. Mass selection:  

Ec 68414 from Russia. Co1 mass selection from Morden. Useful for characters which are 

highly heritable. E.g. Plant height, disease resistance.  

3. Hybridization and selection  

a) Intervarietal :  
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b) Interspecific :  

Wild species of North American origin and best Soviet varieties were crossed and 

number of varieties were evolved.  

They are resistant to Verticillium wilt also  

4. Mutation  

Co3 (Mutant from Co2 thro’ gamma rays)  

5. Head to row and remnant seed method  

Developed by Pustovoit in Russia. By this method oil content is increased. In this 

method the following are the steps:  

a) From open pollinated type a large no (10,000 to 12,000) plants are selected based on 

Head size.  

b)  The selected lines are analysed for oil content and high oil content lines are isolated 

(1000 plants).  

c) Part of the seed reserved and the part is sown in progeny rows along with check to 

estimate yield.  

d)  Second season testing is also done. The best lines are identified.  

a. The remnant seed of elite plants which give high yield were raised in isolation 

and multiplied for crossing interse next season.  

b.  The multiplied lines also tested for oil content and high yielding high oil 

content lines were raised in isolation and crossed interse.  

6. Population improvement  

By mass selection, recurrent selection and use of male sterile lines population can be 

improved and utilised for breeding.  

7. Heterosis breeding :  

Development of inbred lines and crossing them to harness heterosis was first done as 

early as 1920 in Russia. During 1970 cytoplasmic geneic male sterility was identified in wild 

types and obsolete cultivars. Now this system is being extensively used for production of 

hybrids.  

First hybrid  

BSH 1  

APSH – 11  

A number of CGMS lines were bred by Government as well as private seed growers and are 

utilised now.  

Male sterility can also be inducted by GA 100 ppm.  
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Steps  

1.  Development of inbreds.  

2.  Evaluation of inbreds for combining ability.  

3.  Conversion of inbreds into CGMS lines and R lines.  

4.  Production of hybrids.  

B reeding centre: 

 Directorate of oil seed Research (DOR) Hyderabad.  

All India coordinated sunflower improvement project (Bangalore)  

Practical achievements 

 Varieties EC 68414, EC 68415, Mordern, Co-1, surya  

 Hybrids BSH-1, KBSH-1, LSH-1, APSH-1 LDMRSH-1, 3  
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SAFFLOWER (Carthamus tinctories) (2n=24) 
 Safflower is an important oil seed crop of India. The oil is edible but best used in industry 
particularly in the manufacture of paints and varnishes. It is also used for its reddish dye called 
carethamine extracted from florets oil is excellent source of unsaturated fatty acid. Oil content is 
32 per cent of which above 72 per cent is Linoleic the factor which reduces the blood chotesterol. 
It belongs to the family compositeae  
Origin: Africa and Afghanistan 
Distribution 

 Afghanistan, India, Pakistan, USA, Egypt middle east in India, Maharashtra, Andhra 
Pradesh, Karnataka together accounts for more than 90 per cent of country’s area 
Progenitor  Carthamus oxycantha  
  C. lunatus 
Related species : The wild species Carthamus oxycanthus is found in many parts of Punjab. It is a 

dwarf bushy plant, very spiny, forming small achenes. The oil content is 15 to 16 percent  

Classification of safflower :  

Safflower can be grouped in to two broad categories.  

1. The outer involucral bracts spinose, lanceolate mainly cultivated for oil. Flowers yellow in colour.  

2. Involucral bracts moderately spined or spineless which are cultivated mostly for the dye than the 

spiny types. Flowers orange in colour.  

Breeding objectives :  
1. Breeding for high oil content :  

Normal oil content is 32% of which 72% is linoleic acid, the factor which reduces blood cholesterol. 

Oil content is negatively correlated with yield. Wild species of C.oxycanthus having 28% oil were 

utilised in hybridization programme to increase yield and oil content but success was not achieved.  

2. Breeding for non -spiny varieties with high oil content.  
A very limited success was achieved in safflower  

3. Breeding varieties having thin shell  
Thin shelled varieties have high oil content.  

4. Breeding varieties for dry land conditions.  
Under dry land conditions the spiny nature will be more pronounced. How ever dry land varieties 
with less pronounced spines were evolved. E.g. K.l.  
 
5. Breeding varieties resistant to pest and diseases :  
Pests like Prodenia and Heliothis are important pests. The wild species C.oxycanthus is moderately 
resistant to pests. This is being utilised in breeding programme.  
 
Breeding methods:  

The breeding methods are similar to that of sunflower.  
 
 

Lecture No: 12 
CASTOR (Ricinus communis) (2n=20)  
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 It is an oil seed crop. It belong to the family Euphorbiaceac. Its oil is mainly used as 

lubricant, in industry or as a medicinal purpose. It requires warm climate 

Origin: Africa 

Distribution: African countries (Egypt), China, India, middle East etc. In India Andhra Pradesh, 

Karnataka, Maharashtra 

Classification: Monotypic, all varieties of castor from giant perennials to short internode dwarf 

have the same chromosome number.  

Zugovosky (1962) has described three species in the genus Ricinus  

1. R. communis  

2. R. macrocarpus  

3. R. microcarpus  

But this is not accepted by Botanists.  

There are sub species which are considered to be ecological extreme varieties i.e. poly 

morphic of cultivated type. They are  

R. communis subsp persicus (Persian)  

ssp. chinensis ( chinese species)  

ssp. zanzi barensis ( Zanzibar)  

ssp. sanguinens (Crimson species)  

ssp. africanus (African)  

ssp. mexicanus (Mexican)  

Red castor varieties (Popova 1930)  

Subsp gibsoni  

subsp cambogenisis  

Breeding objectives :  

1. Long duration varieties for dry lands  

2. Short duration high yielding varieties suitable for irrigated mixed cropping 

conditions  

3. B reeding non shattering spineless varieties  

Baker variety of USA Non - Shattering.  

4. B reeding for insect resistance  

Semi looper, jassid. Hopper burn - serious in dry land varieties.  

Triple bloom - TMV 5. - Triple bloom condition gives resistance.  

5. B reeding varieties with low ricinin content.  
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Breeding Methods:  

1. Introduction.  

Hospet varieties.  

Russian lines. 

2. Selection  

a) Pureline selection  

b) Mass selection  

3. Hybridization and selection  

TMV 6. (VP 1 x RC 962)  

4. Population improvement  

By using recurrent selection technique.  

5. Mutation breeding Aruna castor  

SA2 Natural Mutant from TMV 1.  

6. Heterosis breeding  

GAUCH - 1  

100 % pistillate lines.  

Geneic male sterility  

Temperature plays a major role.  

GCH 4  
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MUSTARD (Brassica nigra) (2n=16, 18, 20, 22, 36) 
 Important oil seed crop grown in cool season sub tropics, higher elevations and winter 

crops. Seeds contain 40 – 45 per cent oil and 38-41 per cent protein.  

Origin: India  

Distribution:  

 China, Canada, India, Europe, Pakistan, collectively contribute 90 per cent of the global 

production. In India Uttar Pradesh, Rajasthan, Punjab, Assam, Bihar and West Bengal. 

Progenitor: Exact progenitor is not known.  

The genus Brassica contains more than 3000 species of which 40 are of economic importance. 

Cultivated Brassica can be broadly divided in to two distinct types viz.  

Vegetable type : cabbage, cauliflower, turnip  
Oil seed type - rape seed and mustard.  
Taxonomy :  
Harberd (1972) examined 85 species of Brassica and grouped species of the genus into 

cytodemes. These cytodemes are composed of different species with the same chromosome 

number and which are cross fertile and other having species with different chromosome number 

and cross infertile. According to him most important agricultural species are four diploids, three 

allopolyploids, each belong to a separate cytodeme.  

Four diploids are :  
1. B.nigra - Black mustard  
2. B.oleracea - Cabbage  
3. B.campestris - Rape seed.  
4. B.tourne frotii - Wild turnip  
Three allopoly ploids  
1. B.napus - Rape seed of Europe  
2. B.juncea - Indian mustard  
3. B.carinata - sthipplam mustard (veg / oil seed)  
The genetical relationship between the oilseed brassicas are diagramaticaly represented as 
follows.  

        B.nigra BB  (Diploid) 
n= 8 

 

   (Cultivated)     (Cultivated) 
B.carinata BC   B.juncea AB  

   n= 17        n = 18 

(Diploid)          (Diploid)  
B.oleracea CC    B.napus AC   B.campestris AA 

            n = 9                n = 19       n = 10 
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B.napus will cross readily with B.campestris but with extreme difficulty in case of  

B.oleracea.  

 
Botanical name  2n  Economic characters  

Rape seed  
1. Brassica compestris  

20  Indian Rape Seed. Self sterile in nature. Important 
oil seed crop of North India. 3 Cultivated types.  
B.campestris var. Brown sarson  
B.campestris var. Yellow sarson  

                                                      B.campestris var. toria  
2. B.napus  38  European Rape Seed. Self fertile.  
Mustard  
1. B.nigra  16  Black mustard : Native of Eurasia. 28% fixed oil. 

Used as medicine pungent due to glucoside 
sinigrin.  

2. B.alba  24  White mustard : Young seedling used as Salad, 
yellowish seed 30 % oil.  

3. B.juncea  36  Indian mustard. RAI 35% oil. Leaves used as 
herb contains sinigrin.  

 
Breeding objectives :  
1. Seed yield : Yield is the end product of many biological processes which are under control of 

complex polygenic systems. An ideal plant type is having increased branch number, pods per 

plant, seeds per pod and seed size. Further yield increase could result from increase in biomass 

and harvest index. Increased biomass can result from reduced photo respiration and increased 

light saturated rate of photosynthesis.  

2 Early maturity : For use in various multiple cropping sequence.  

3. Resistance  to abiotic factors  

Frost resistance is needed to prevent yield losses. Winter hardiness is very important.  

4. Resistance to biotic stress  

Powdery mildew  

Black leg  

Sclerotinia rot, alternaria blight  

mustard aphid - so far no resistance source identified.  

5. Herbicide resistance : (Atrazine, simabine)  

A few sources of resistance is available.  

6. Shattering resistance  

B.napus - highly shattering  

B. juncea - tolerant. Introgressive breeding done.  
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7. Increased oil content and quality  

High oil content 45% yellow seed varieties > oil.  

For industrial purpose > Erucic acid.  

Development of low erucic acid cultivars for edible purpose.  

Reduced linolenic acid content is also desirable.  

8. Meal quality  

Meal having less Glucosinolate content.  

 

Breeding methods :  
1. Introduction - Regina from Sweeden  

2. Simple selection  

3. Hybridization and selection  

Intervarietal  

a) Bulk method  

b) Pedigree method  

c) single seed descent  

Inter specific  

4. Back cross method  

5. Population improvement  

Recurrent Selection, mass selection  

6. Heterosis breeding  

CMS lines  

7. Mutation breeding  

8. Tissue culture technique for production of homozygous diploids  

Saline resistance screening. Induction of mutation in haploids.  

9. Embryo rescue technique for inter specific crosses. 

Breeding centres:   

National Research Centre for Mustard (NRCM) – Bharatpur (Rajasthan) 

Coordinated project at Bharathpur.  

Practical Achievements 

Varieties  Kranti, RLM 198, Krishna, Varun, Pusa Kalyani etc.  

 
Lecture No: 13 & 14 

Cotton (Gossypium sps) (2n = 2x = 26 
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          2n = 4x = 52) 
 Cotton is grown in tropical and sub-tropical regions of more than 80 countries of the 

world.  

Origin: Central Africa 

Distribution: China, USA, India, Pakistan, Egypt. In India Rajasthan, Maharashtra, M.P. 

Gujarat, A.P. Karnataka and Tamil Nadu.  

Progenitors: Gossypium africanum  

  G. raimondii  

Gossypium africanum – reached India by traders and travelers and differentiated into two species 

G. herbaceum and G. arboreum  

Cultivated Species:  

I. Asiatic cottons or old world cotton (Diploid cotton – 2n = 26) 

1. G. arboreum –  

2. G. herbaceum –  

II. New world cotton (Tetraploid cottons – 2n = 52)  

3. G. hirsutum – American / upland cotton 

4. G. barbadense – Egyption / sea island cotton  

G. hirsutum is predominant species which contributes about 90% to the current world 

production. Besides cultivated species there are about 46 wild species India is the only country 

where all the 4 cultivated species are grown for commercial cultivation.  

B reeding objectives:  

1. High yield (more bolls, bigger bolls and high lint percentage)  

Lint % = weight of fibre  
   weight of cotton 
 

Lint index = 100 seed weight X lint %  
        

   100 – lint %  
2. Early maturity  

3. Superior fibre quality  

4. Better plant type  

5. Resistance to diseases like fusarium wilt, rots etc., 

6. Resistance to insects like boll worms, Jassids, Thrips etc., 

7. Resistance to abiotic stresses.  

B reeding Procedures:  

1. Introduction  :  Cambodia cotton in South India, MCU- 1  
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2. Selection   :  K1 cotton reselection from SRT -1  

3. Hybridization and selection  

a) Inter varietal  :  MCU 5 - Multiple cross derivative  

MCU 6 - Multiple cross derivative  

MCU 9 - (MCU 5 x MCU 8)  

b) Inter specific hybridization  

 African linted species (G. africanum) reached America through pacific ocean and after 

crossing with American lintless wild diploid species G. rarimondii gave birth to tetraploid 

cotton. The chromosome doubling took place in nature resulting in the development of fertile 

amphidiploids    

 G. herbaceum     x G. rarimondii  

 Var africanum linted   lintless    

Old world cotton   American cotton  

Diploid (2n=2x=26)  Diploid (2n=2x=26)  

   AA    DD  

  

    F1 hybrid  

        Diploid 2n=2x=26 

      AD 

            Sterile  

       Doubling of chromosomes  

 

   G. hirsutum 

          New world cotton  Amphidiploid  

   2n = 4x = 52 

       AA DD 

 

4. Heterosis breeding  

 India is the first country in the world to release first commercial hybrid in cotton.  

Both intraspecific and interspecific hybrids are evolved in cotton.  

a) Intraspecific  :  G.hirsutum x G.hirsutum Shankar (H4) cotton of Surat  

(Gujarat 67 x American nectariless)  

b) Interspecific hybrids :  Varalakshmi (Laxmi x SB 289E)  

(hirsutum) x (barbadense)  
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4. Mutation breeding  

MCU 7- Xray irradiated mutant of L 1143  

MCU 10 - Gamma irradiated mutant of MCU 4  

Indore – 2  

MCU – 5  

Rasmi  

5. Population improvement followed in USA  

a) Recurrent selection : Pima S
1 

Pima S
4 

of G.barbadense  

b) Synthetic variety : Deltapine 15 developed at konyvllwer USA.  

c) Composite : Pima 17 of G.barbadense.  

6. Biotechnology has helped in developing transgenic cotton with resistance to Helicoverpa. The 

resistant gene has been transferred from bacteria Bascillus thuringiensis into cotton plant by 

Monsanto Seed Company in U.S.A. 

B reeding centers:  

Ø International Cotton Advisory Committee (ICAC)  

Ø Central Institute of Cotton Research (CICR) Nagpur 

Ø All India Coordinated Cotton Improvement Project (AICCIP) Coimbatore  

Varieties: MCU – 5, MCU – 10, K9, K10  

Hybrids:  

 Interspecific hybrids   - Varalakshmi, HB 224  

 Intraspecific hybrids   - Dhanalaxmi, H4, H6 

 Desi cotton   - DH 7, DH9 

 Male sterility based hybrids - Suguna, PKVHY3, ARDH- 7 
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JUTE 

Corchorus sp (2n=14) 

Tiliaceae 

The genus Corchorus includes about 40 species. In India only 8 species occur. Two 

cultivated species are  

C.capsularis : White jute 50 races occur in this  

C.olitorius : Tossa jute 8 races occur in this.  

Both the species are not crossable. Among the two olitorius yields more fibre/unit area. 

The fibre is finer, softer, more, lustrous and less rooty than capsularis. Olitorius occupies about 

25% of jute area in India. One of the draw backs of Tossa jute is pre mature flowering if the 

varieties are sown earlier in March-April in early monsoon rains. The pre mature flowering leads 

to profuse branching and deterioration in fibre quality.  

Capsularis strains are characterised by a single flush of flowering at the end of single 

vegetative period. Based on maturity, the varieties in Capsularis are divided in to  

Early - Flowering in July  

Medium - August  

Late - September.  

B reeding objectives:  

1. Breeding for high yielding short duration jute varieties.  

Early varieties are generally low yielders whereas late varieties are high yielders. So to 

combine high yield with earliness is one of the main objectives. Yield is positively correlated 

with plant height, basal diameter of stem, fibre-stick ratio. Higher photo synthetic capacity with 

increased lamina length, breadth, petiole length and leaf angle at 40O
 
also contribute to yield.  

2. Breeding for quality fibre  

In jute quality is negatively, correlated with yield. The quality characters are  

a) Fibre length.  

b) Fibre strength  

c) Fibre colour  

d) Lustre  

e) Percentage and quality of retting  

Environment plays a major rote in quality. Alternate and fluctuating bright sunshine, 

humidity and temperature and rainfall at minimal level are favourable for improved quality.  
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Further retting in clear and slow running water gives good quality fibre. The tall and thick 

plants in general gives inferior fibre than that in short and thick plant.  

3. Breeding for pest and disease resistant varieties  

In pests, stem borer and aphids cause greater damage and in diseases Macrophomena is 

major. Though resistance sources are available in other related species, the crossability barrier 

prevents transfer.  

4. Breeding varieties for high seed yield :  

Since jute is cut for fibre at 50% flowering stage, it is essential to reserve some plants for 

production of seeds. The fibre obtained from seed crop will be poor in quality. Hence it is 

necessary to breed varieties specially for high seed production with out loosing quality 

characters.  

5. Breeding for olitorius varieties having non-shattering habit coupled with non-pre 

flowering habit.  

JRO 524  

JRO 7885  

Sudan green x JRO 632  

B reeding Methods :  

1. Germplasm building and Utilisation  

Central Jute Technological Research Institute, Calcutta is maintaining the Jute collections. This 

shows wide range of variability thus offering a great scope for improvement by selection and 

hybridsation.  

2. Introduction : Introduced short duration varieties are Jap green, Jap red, Jaichung sudan 

green.  

3. Hybridization and selection  

a) Inter vareital: Multiple crossing and selection are followed both in olitorius and capsularis 

improvement.  

In olitorius improved varieties are JRO 524, JRO 7885.  

In capsulanis JRL 412, JRL 919  

Since yield and quality are negatively correlated a balance must be struck in breeding for 

improved varieties.  

 

b) Inter specific cross:  
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So far not successful. Attempts were made by straight cross mixed pollen method, Stigmatic 

paste method, self anther paste method, stigma cut method polyploidy breeding. But none of 

them proved successful. Difference in embryo endosperm growth is the reason  

4 . Mutation breeding : Using x rays useful jute mutants were obtained at Calcutta JRC 7447 and 

Rupali two varieties.  
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MESTA, KENAF  

BIMLI JUTE, DECCAN HEMP  
Hibiscus cannabinus (2n=36) 

 

ROSELLE / JAMAICAN SORREL 

  Hibiscus sabdariffa (2n=36, 72) 

 

 

Both the species are important jute supplements and show wide adaptability unlike jute. 

At present both the species are known as Mesta.  

Place of origin :  

H.cannabinus have its possible origin in Africa and H.sabadariffia - Asia.  

Kenaf is used for making ropes, twines, fishing nets and also in the paper pulp making 

from kenaf stalks especially fine paper, structural boards.   

H.cannabinus : mesta  

Compared to jute mesta is of inferior in quality in respect of fineness, lusture, and colour. 

Mesta varieties show poor performance in spinning because the fibre is coarse, stiff, brittle and 

irregular in cross section mesta alone cannot be spun in jute machines unless it is mixed with jute 

in some proportion.  

H.sabadarifra var.altissima (Roselle )  

Roselle is an useful substitute to jute. It is also called as Siamijute two types are available.  

i. Tall non branching types cultivated for fibre.  

ii. Dwarf, bushy wild type used as green and edible calyx as pickle.  

B reeding objectives :  

1. Breeding of high yielding short duration mesta varieties  

(Similar to Jute)  

2. Breeding for quality fibre  

(Similar to Jute)  

3. Breeding for pest and disease resistant varieties. 

B reeding Procedures:  

 Same as Jute.  

Lecture No: 15  
Tomato (Lycopersicon esculentum ) (2n=24) 
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 Tomato is one of the most important vegetable crops grown throughout the world.  

Origin: Peru and Mexico 

Distribution: Europe, USA, India, Japan and China. In India it is grown in all the states  

Other species: L. pimpinellifolium  - Fusarium wilt, early blight resistant  

   L. peruvianum  - Leaf curl virus resistant  

   L. cheesmanii   - Salt resistant  

   L. hirsutum   - Fruit borer resistant  

   L. pennellii   - Drought tolerant  

Breeding objectives  

1. Breeding for earliness 

2. Breeding for increased fruit yield  

3. Fruit quality like large round, uniform size, deep red colour and increased shelf life etc.  

4. Breeding for disease resistance like (Fusarium wilt, late blight anthracnose, bacterial 

wilt). 

5. Breeding for insect resistance (fruit borer, whitefly etc). 

6. Breeding for Abiotic Stresses (cold tolerant, drought tolerant, salt tolerant, low 

temperature tolerant, herbicide tolerant.  

7. To breed varieties for prolonged storage and transportation e.g, flavr Savr  

8. To breed varieties suitable for processing  

Breeding procedures: 
1. Introduction: Seeds of improved varieties are introduced from one ecological area to 

another and evaluated. E.g.,“Marglobe”. 

2. Pureline selection: Arka vikas, Arka saurab. 

3. Back cross method: is commonly utilized in wide crosses or in interspecific gene 

transfer for resistant to diseases. 

4. Pedigree method: has the most common method in tomato. In this method single plant 

selection is initiated in F2 and is continued through successive generations till pure lines 

are obtained (up to  F6 generations) 

5. Single seed decent method 

6. Heterosis breeding  

7. Mutation breeding  
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8. Biotechnological methods:  Breeding for resistance to abiotic stress tomato is sensitive 

to low and high temp from the stage of germination to ripening. E.g., Transgenic variety 

“Flavr Savr” was developed for long shelf life and transportation. 

Practical Achievement  

 Varieties, Sioux, Marglobe, Pusa Ruby, Pusa early dwarf, Fire ball, Best of all Arka 

vikas, Arka saurab.  
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Chilli (Capsicum annuum) (2n=24) 

 Chillies are also called as pungent pepper grown all over the world except in colder 

climates. Bell peppers are constituents of many foods, add flavour, colour, vitamin C and 

pungency.   

Origin: Tropical America 

Distribution: Mainly cultivated in Brazil, Mexico, Spain South and Central America China and 

India. In India, Andhra Pradesh, Maharashtra, Karnataka, Tamilnadu and H.P etc.  

Five major cultivated species in the Genus Capsicum  

1. Capsicum annuum  
2. C. frutescens 
3. C. chinense 
4. C. pendulum  
5. C. pubescens. 

Classification of chilli type based on fruit characters 

1. C. annuum var acuminatum (Nepal pepper): Fruits long thin, pendulous and pungent  

 

 

2. C. annum var longum: Long chilli the fruit are long and stout with a very broad base 

 

 

3. C. annuum var grossum: Big chilli sweet pepper, bell pepper, fruits large and bell shaped 

turn, bright red on ripening, little pungent, used as vegetable  

 

 

4. C. annuum var ceraciferma: very small chilli fruits, and round, slightly pungent. 

 

 

 

5. C. fruitiscens var minima: Bird pepper with white and long pedicel, fruits small and 

highly pungent e.g., Golconda Mirapa, Seema mirapa  

 

Breeding objectives: 

1. Earliness 

2. Desirable fruit shape and size (obovate and round fruit in bell pepper and long fruits in 

chilli) 
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3. Superior fruit quality (pleasing flavour, high sugar / acid ratio, high pigment content and 

vitamin C in bell pepper and high capsaicin.  

4. Resistance is to diseases (fruit rot, Cercospora leaf spot, powdery mildew, bacterial leaf 

spot, phytophthra  root rot, root knot, common TMV 

5. Resistance to insects (thrips, mite, aphid, fruit borer) 

6. Resistance or tolerance  to abiotic stress (heat, water stress, salinity etc). 

Breeding methods: 
1. Pure line selection: This method is applicable to land races or local cultivars being 

grown by farmers. e.g., G1, K1, Co1, Sindhu.   

2. Pedigree method: involves selection of superior plants following hybridization between 

superior cultivars. e.g., Andhra jyothi, Pusa jwala 

3. Backcross method: Used to transfer single gene or few genes from primitive cultivars or 

wild forms to leading cultivars. 

4. Heterosis breeding: F1 hybrids are popular is USA and Europe and gaining popularity in 

India after the initiation. The first hybrid in India was Bharat developed by Indo 

American hybrid seed company, Banglore (1973) followed by several companies  

5. Mutation breeding: Found to be effective and efficient breeding tool in pepper. 

6. B iotechnological methods:  
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Brinjal / Egg Plant (Solanum melongena ) (2n=24) 

 Brinjal is an important commercial vegetable crop grown in India. 

Origin: Indo-Burma 

Distribution: India, Japan, Indonesia, China, Bulgaria, Italy, France, USA and African 

countries. In India all the states grow brinjal 

Wild species:    Solanum torvum 

    S. nigrum 

    S. indicum 

    S. mamosum  

B reeding objectives: 

1. High yield  

2. Earliness 

3. Fruit shape, size and colour as per consumer’s preference 

4. Low proportion of seed 

5. Soft flesh 

6. Lower Olanine content  

7. Upright study plant free from lodging. 

8. Resistance to diseases like bacterial wilt, blights. 

9. Resistance to insects like shoot and fruit borer, jassids etc.  

Breeding methods  

1. Introduction: This method may be useful in other countries but not to India.  

2. Pure line selection: e.g., Pusa Purple long, Co.1 

3. Pedigree selection: Many varieties have been developed through hybridization and 

subsequent pedigree selection. e.g., Pusa Kranti  

4. Heterosis breeding: Many F1 hybrids have been developed and released for commercial 

cultivation. e.g., Arka Navneet 

5. Hybridization for resistance breeding: Resistance is not available in the cultivated 

varieties. Wild varieties like S. incanum, S. anthocarpum are reported to be resistant and 

used in hybridization programme. However the inferior quality of the fruits of wild 

species associated with resistance are often expressed in the hybrid progenies. 
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6. Backcrossing: is normally follow to transfer genes conferring resistance to disease like 

bacterial wilt resistance which has been shown to be under a single dominant gene.  

7. Mutation Breeding:  

8. Biotechnological Methods: e.g.. Bt. Brinjal  

Varieties:   Pusa purple long  

  Pusa kranti 

  Arka navneet 

 

 
Lecture No: 16 

OKRA Lady’s finger (Abelmoschus esculentus) (2n=130) 

 Okra is a common vegetable crop grown in warmer climate,  

Origin: India  

Distribution: Asia, Europe, Africa and United States and Brazil. In India it is grown in Gujarat, 

Maharashtra, Andhra Pradesh, Uttar Pradesh, Tamil Nadu, Karnataka, Haryana and Punjab.  

Species of Abelmeschus 

 Abelmoschus angulosus 

 A. crinitus 

 A. ficulneus 

Breeding objectives: 

1. High pod yield 

2. Dark green, tender, thin, medium long smooth with 4-5 ridged pods 

3. Pods free from conspicuous hairs  

4. Early and prolonged harvest 

5. Short plant with more number of nodes, short internodes  

6. Optimum seed setting ability 

7. Pods suitable for processing industry and export market. 

8. Resistance to diseases (yellow vein mosaic virus, (YVMV) Fusarium wilt) 

9. Resistance to insects (fruit and shoot borer, jassids and white fly) 

10.  Tolerance to Abiotic stresses. 
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Breeding methods  

1. Introduction: A cultivar from Africa (Ghana) known as A. manihot sp. manihot 

introduced into India has been successfully used as a source of resistance to YVMV.  

2. Pure line selection 

3. Pedigree Method 

4. Mutation Breeding  

5. Heterosis breeding  

Varieties: Pusa makhmali, Pusa swani, Co-1 etc.  

 

Cucumber (Cucumis sativus) (2n=14) 

 Cucumber is one of the Asiatic species and member of the cucurbitaceae which has 90 

genera and 750 species.  

Origin: India – It is considered as home of cucumber 

Distribution: China, USA, Africa, Europe. In India it is grown in north and south and lower as 

well as higher hills  

B reeding Objectives 

1. Early fruiting  

2. High female to male sex ratio 

3. Attractive green or dark green fruits with smooth surface and without prominent spines or 

prickles. 

4. Uniform long cylindrical shape without crook neck 

5. Fruits free from carpel separation without hollow spots  

6. Fruits free from bitterness  

7. Less seeds at edible maturity  

8. Resistance to diseases (powdery mildew, downy mildew, anthranose, cucumber mosaic 

virus) 

9. Resistance to insect pests 

10.  Resistance to abiotic stresses. 

Genetics of sex  

Different sex types in cucumber 

a) Monoecious plants   -  Staminate and pistillate flowers 

b) Androecious plants  - Only staminate flowers 

c) Gynoecious plants  - Only pistillate flowers  
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d) Hermaphrodite plants  - Only hermaphrodite flowers 

e) Andromonocious plants  - Staminate and hermaphrodite flowers. 

Chemical regulation of sex expression 

Increasing female tendency  

(i)  Auxin 

(ii) Ethylene  

(iii) Acetylene 

(iv)  2-chloroethylphosphonic acid 

Increasing male flower promotion  

(i)  GA3 

(ii) GA4 

(iii) GA7 

(iv)  Silver nitrate  

(v)  Silver thiosulfate 

B reeding Methods: 

1. Pedigree method: This includes selection of single plant segregates in segregating 

generations F2, F3 etc. derived from crosses between desirable parents 

2. Backcross method: This is useful for transferring characters governed by single genes, 

e.g., disease resistance or quality traits from donor lines to more stable recurrent parents. 

3. Use of sex inheritance and chemicals in breeding methods: In this system gynoecious 

lines are treated with AgNO3 to stimulate production of staminate flowers and such lines 

are allowed inter pollination to build up a source population with wide genetic variation. 

The gynoecious lines treated with AgNO3 pollinate a mixture of same lines which have 

been sown about 2-3 weeks later and rouged from any staminate flowers segregates. A 

gynoecious population emerges from the harvested seed and serves as a gene pool for 

carrying out further selection of desired genotypes and lines. 

4. Population improvement and extraction of inbred lines:  This method is based on 

recurrent selection and aims at long term gain for the characters having low to moderate 

heritability.  

5. Hybridization: Hybrid varieties of cucumber are becoming predominant day by day. 

Their number is continuously increasing in India also  

6. Biotechnology methods:  

a) Introduction of somaclonal variation and its application in breeding 

b) In-vitro mutagenesis on haploids and diploids. 
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c) In-vitro selections for disease resistance and cold resistance etc. 

d) In-vitro fertilization  

e) Production of transgenic plants 

f) Embryo rescue technique  

Varieties: 

 Japanese long green 

 Poinsette  

 Pusa Sanyog  

 

Lecture No: 17  

CHRYSANTHEMUM (Chrysanthemum   moniliformin) (2n=36)  

 Florist’s chrysanthemum (Chrysanthemum morifolium, Ramat) ranks second among 

commercial flowers in the world. In India it occupies third position, with jasmine and rose 

standing first and second. It is grown in wide range of environment, suitable for various pur poses 

e.g. pot culture, field culture, for garland making or cut flowers or simply bedding purpose, long 

post harvest life, predicable response to environment and amenability to different attractive 

training methods or styles. However, the most important of all factors is the immense number 

and diversity of shape, size and colour displayed by its cultivars. Breeding has played a pivotal 

role in augmenting this diversity during the long history of its evolution.  

Origin: China  

Distribution: China, Japan, France, USA, Australia, Europe, and Asia. In India all the states.   

Species of chrysanthemum  

 Genus Chrysanthemum belongs to the family Compositeae which is second largest family 

among flowering plants comprising about 20, 000 species, largest being Orchidaceae.  

1. Chrysanthemum morifolium  

2. C. sinense  

3. C. indicum  

4. C. japonicum  

5. C. arnatum 

6. C. satsumense  

7. C. boreale  

Indigenous species 

C. indicum – Native to India, Florist chrysanthemum  

Wild species 
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1. C. stilliszkai, C. rkhtsria, C. atkinsoni and C. leucanthemum as wild species in the Indo-

Tibetan border.  

Introduced species / Exotic species 

1. C. caronanium (Garland chrysanthemum)  

2. C. carinatum (Tricolour chrysanthemum) 

3. C. rubellum (for hardiness) 

4. C. sagetum (Corn marigold (or) pot plant) 

5. C. boreale (Evolution of florif, chrysanthemum) 

6. C. cinerarifolium (Used as insecticide) 

7. C. coccineum (Perennial, seed propagated) 

8. C. manifolium (Florist chrysanthemum)  

 

Breeding objectives  

1. Cultivars with low temperature requirement  

2. Rapid growth habit with small to medium size of  leaves to enable close planting.  

3. Pollen – free cultivars have been reported to be desirable as pollen spoils the appearance 

and also induces allergy reactions during handling.  

4. Uniform response to environment, 

5. Long storage life  

6. Compact and dwarf  

7. Easy to root cutting 

8. Cultivars with no vernalisation requirement are preferred for year around production.  

 

B reeding Methods:  

1. Introduction: Scrutiny of names of cultivars grown in this part of the country show their 

Australian, English, French, Japanese or American origin in addition to those originating within 

the country. In South India on the other hand only a few yellow or white small coloured cultivars 

are grown for use as loose flowers which are probably of Indian origin. Introduction of 

exhibition types seems to have started in East India, particularly in Calcutta and Sikkim during 

British period. Most introductions till two decades back were done by resourceful individuals or 

nurserymen in these two places or through some embassies in New Delhi.  

 Names of some well known cultivars grown in India have been given below along with 

the name of country wherefrom they were introduced into this country or where it originated:  



 86 

 

Country from which 
introduced / or originated 

Name of cultivar 

Australia  ‘J.S. Lioyd’. ‘Louisa Pockette’, ‘Willium Turner’ and ‘T.W. 
Pockette’ 

France ‘Gloria Deo’, ‘S.L. Andre Raffaud’, and ‘Sancho’ 
Japan ‘Ajina Purple’, ‘Kenroku Kangiku’, ‘Kiku Biori’, ‘Taiho 

Tozan’, ‘Tokyo’, ‘Shin Mei Getsu’, ‘Senkyo Emaki’ and 
‘Otome Zakura’. 

New Zealand ‘Gusman Red’, ‘Lcicles’, ‘Jane Sharpe’, ‘Orange Fair Lady’, 
and ‘Nancy Ferneaux’. 

United Kingdom ‘Alfred Wilson’, ‘Alfred Simpson’, ‘Balcombe Perfection’, 
‘Beatrice May’, ‘May Shoesmith’, ‘Maurice White’, 
‘Leviathan’, ‘Pink Cloud’, Princess Anne’ and ‘Woolman 
Centruy.  

United States ‘Cassa Grande’, ‘Mountaineer’, Nob Hill’, ‘Snow Ball, 
Potomac’ and ‘Peacock’. 

 

 The realization of this fact led to introduction of 80 cultivars from Japan in 1972 at 

National Botanic Gardens, Lucknow (Kher, 1977). These introduced cultivars formed the basis 

for filling the gaps mentioned above by hybridization or mutation breeding at the institute. 

2. Selection:  

 Most of the outstanding spray and loose flower type cultivars evolved in India, namely 

Birbal Sahni, Apsara, Kundou, Jaya, Shard Singer, Co1, Co2. The drawback of this method 

include unknown parentage, need for raising a very large number of seedling population. Failure 

of the improved double long and tabular ray florets to set seeds etc. Single plant selection 

method is followed. 

3. Hybridization 

 The aim of hybridization is improvement which assumes different meanings depending-

upon the purpose for which a new cultivar is intended. A cultivar suitable for pot -culture may not 

be fit for growing as cut-flower. Similarly, a cultivar may be suitable for cut-flower purpose but 

not for garland making. The desirable characters in cultivars intended for pot-culture, cut-flower 

and garland purpose have been enumerated for the benefit of breeders at the 5th workshop of the 

All India Coordinated Floriculture improvement project held in New Delhi in 1983 (Report of 

AICFIP, 1982-83), as given below.  
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Parameters for good pot variety: Profuse branching, uniform spread of plant, dwarfness, 

compactness, simultaneous bloomin g to give carpet like appearance, attractive colour retention, 

storage framework to withstand bloom weight and healthy leaves.  

Parameters for good cut flower variety: Attractive colour, normal spray with high central 

bloom, long erect stem, quick growth from late stem cuttings, easy to root cuttings, uniform 

bloom opening with 5-6 blooms per 32.ray, tough florets, long vase life and healthy leaves.  

Parameters for good garland variety: Yellow or white colour of bloom, diameter of bloom 

about 5cms, fluffy blooms, disc absent or not visible, good quality of recovery from pressure, 

high yield (15 m. tons/h or 150 gms. per plant), good colour retention in the field, storage life 

more than 3 days, long blooming season, smooth bloom-perifery, profuse branching and sweet 

scented blooms are preferred. 

4. Mutation breeding: 

 Pioneering work on induction of somatic mutation in chrysanthemum by using a Co 60 

radioactive gamma irradiation source has been done at N.B.R.I., Lucknow, resulting in the 

development of about 40 mutant cultivars strikingly different from their parents. The main 

advantage of this method lies in changing one or few characters of an otherwise outstanding 

cultivar without altering the remaining, and often unique, part of the genotype.  

Examples:  

Basanti, Pusa centenary, pusa anmol, usha kiran 

Sports  

 A good number of outstanding chrysanthemum cultivars in the world have aisen a natural 

mutants commonly called sports. examples:                   

                                                                                                                          

S. No. Original cultivar Sport 

1. Mahatma Gandhi Kasturba Gandhi 

2. Snow Ball Sonar Banla Bangla 

3. Sharad Shobha  sharada 
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MARI GOLD (Tagetes erecta  L). (2n = 24) 

Introduction  

 Marigold (Tagetes erecta  L., Asteraceae) is grown as an ornamental crop for loose 

flowers and as a landscape plant, as well as source of pigment for poultry feed. F lowers are sold 

in the market as loose or after making into garlands. Other than loose flowers, it can also be used 

as cut flowers. Marigold especially is used for beautification and also in landscape plans due to 

its variable height and colour of flowers. It is highly suitable as a bedding plant, in a herbaceous 

border and is also ideal for newly pla nted shrubbery to provide colour and fill spaces. French 

marigold is ideal for rockeries, edging, hanging baskets and window boxes.  

Origin: Mexico 

Distribution: USA, Europe India etc. In India Maharashtra, West Bengal, Karnataka, Tamil 

Nadu and Andhra Pradesh.  

Species, Types and Cultivars 

Species: There are about 33 species of the genus Tagetes. The characters of important species 

(Bailey, 1963) are given below:  

Tagetes erecta (African marigold): The plant is hardy, annual about 90 cm tall, erect and 

branched. Leaves are pinnately divided and leaflets are lanceolate and serrated. Flowers are 

single to fully double and large sized with globular heads. The florets are either 2-lipped or 

quilled. Flower colour varies from lemon yellow to yellow, golden yellow or orange.  

Targets patulo (French marigold): A hardy annual, about 30 cm tall, forming a bushy plant. 

Foliage is dark green with reddish stem. Leaves are pinnately divided and leaflets are linear 

lanceolate and serrated. Flowers are small, either single or double, borne on proportionately long 

peduncles. The flower colour varies from yellow to mahogany-red. 

Tagetes tenuifolia (Syn. Tagetes signata): It is an annual with a branching habit. Leaves are 

pinnately divided into 12 oblong, linear, sharply serrated segments. Flowers have 5 rays, yellow, 

roundish and obovate. Tagetes signata  cv. Pumila is a dwarf, brushy and grows less than 30 cm. 

Flowers are bright yellow and small but numerous.  

Tagetes lucida (Sweet scented marigold): The plants of this species are tender, perennial. 

Leaves are sessile, small and lanceolate. Flowers usually are 2-3 rayed, produced in dense, 

terminal corymbs. The flowers have much more agreeable odour than other species.  

Tagetes lacra: It was discovered in California. The plant grows upto 120-150 cm in height and 

flowers profusely. Flowers are yellow in colour.  

Tagetes lemmonii: It is a shrubby plant, grows up to 60-70 cm. Leaves are slender, opposite; 

leaflets about 2-3 cm long. Flowers are showy and 2-3 cm in diameter.  
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 The other species grown in gardens are Tagetes minuta, Tagetes pusilla and Tagetes 

corymbosa. In India, however, the cultivation of Tagetes erecta and Tagetes patula dominates.  

B reeding objective:  

1. Compact and dwarf growth habit 

2. Uniform response to environment 

3. More flower yield.  

4. Free from diseases and pests 

B reeding Methods: 

1. Introduction :  

 A wide array of germplasm was collected At N.B.R.I., Lucknow and Punjab Agricultural 

University, Ludhiana from exotic sources. In African marigold,. 5 varieties, namely Alaska, 

Doubloon, Fire Glow, Golden Jubilee and Yellow Fluffy were recommended for loose – flower 

production, whereas eight varieties viz., Geraidine, Golden Climax Giant, Orange Fluffy, Orange 

Mums, Sovereign, Sun Giants, Super Chief Double and Yellow Climax were found suitable for 

cut flower purpose at N.B.R.I. Lucknow, PAU, Ludhiana recommended 2 varieties like Giant 

Double Afrian Orange and Climax of Afrian marigold and 3 varieties Rusty Red, Butter Scotch 

and Red Brocade of French marigold for loose flower production and 3 varieties, namely, 

Valencia, Sussana and Tetraploid for bedding purpose.  

2. Selection:  A large number of varieties of African marigold were collected at IARI, New 

Delhi. Since, most of the varieties were in heterozygous condition, single plant selections were 

made in the basis of desirable attributes. As a result of these efforts, few promising selections 

have been developed, which are in pre-release stage. 

3. Hybridization: Hybridization between distantly related types is the most effective and 

commonly employed tool to induce variation so as to improve the existing cultivars and evolve 

new, high yielding and better quality of genotypes. Different principles of breeding have 

successfully been used in marigold, which resulted in new cultivars and present day F1 hybrids. 

Inter-Varietal Hybridization: In well-planned breeding studies, Singh and Swamp (1972) 

observed appreciable heterosis. Attempts were made to develop F1 hybrids in marigold because 

F1 hybrids are considerably; uniform and capable of producing large blooms with high yield 

potential. In addition, they are characterized by their semi-tall nature with excellent large full 

double flowers. For the last 20 years, F1, hybrid seeds of Tagetes erecta  are available. Climax 

was the first F1, hybrid to be released. A number of other F2 hybrids are also available in the 

market. 
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Inter-Specific Hybridization: The inter -specific hybridization between Tagetes erecta x 

Tagetes tenuifolia and Tagetes erecta x Tagetes jaliscensis has been done by Towner (1961, 

1962). Recently, inter-specific hybridization between Tagetes erecta x Tagetes patual has been 

carried out which finally led to evolution of Red and Gold hybrids. These hybrids are dwarf-like 

French marigolds but produce bigger flowers like that of African marigolds in large number.  

4. Pedigree Breeding: A large number of single crosses were made involving genetically 

diverse inbred lines / open pollinated varieties. Selections started from F2 generation onwards till 

they attained homozygosity. As a result of these studies, a few very promising improved lines 

have been developed, which are in pre-release stage. 

5. Polyploidy: Studies on the nature and the limit of polyploidy in marigolds were carried out at 

N.B.R.I., Lucknow. Interspecific crosses between T. erecta (2n=24) and T. patula (2n=48) were 

attempted and interspecific triploid hybrids (2n=36) were produced. It was inferred that 

hexaploidy may not be successful in marigold as the highest ploidy level in about 50% of the 

species of t he genus Tagetes is tetraploidy.  

6. Male sterility: Male sterility in marigold is of two kinds: (1) apetalous, and (2) double -

flowered. Apetalous sterility is preferred to full double flowers because the latter type is prone to 

break down and it gives rise to a few disc florets at later stages which may be due to either age of 

plants or environmental factors. However, apetalous flowers are less attractive to pollinating 

insects. Male sterility is governed by a recessive gene and is incorporated into the seed parent. It 

is maintained by crossing the heterozygous plants with the sterile ones.  

African marigold (hybrid seed production) 

 In African marigold, genic male sterility system is being used for F1 hybrid seed 

production. There are two types of male sterility in marigold, that is, apetalous from (with no 

stamens) and true double form (produces no anthers in the disc florets). Apetalous type of male 

sterility has greater liability and is being used for the production of F1 hybrid seeds on a 

commercial scale in the U.S.A., U.K., Holland, France, etc. The apetalous type of male sterility 

is controlled by recessive alleles. Thus, a male sterile plant has a genetic constitution of ms 

(homozygous recessive), while male fertile plants may be of Ms Ms or Ms ms genotypes. The 

heterozygote ms ms will segregate to give 1 Ms Ms:2 Ms Ms Ms ms:1 ms ms, the usual ratio for 

a single gene, but both homozygous Ms Ms and ms ms) will, of course, breed true (except that 

the latter will produce no pollen to allow to breed furt her). 

 Therefore, for use as a parent in F1 hybrid production, the male sterile line is perpetuated 

by back-crosses of double recessive (ms ms) male sterile by heterozygous male fertile (Ms ms) 

maintainer. In the subsequent generations, 50 per cent of the progeny will be male fertile Ms ms, 
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while the other 50 per cent will be male sterile ms ms. Male sterility phenomenon can be 

incorporated into standard varieties though five or six generations of back-crossing.  

 For the actual production of F1 hybrid seed in the field, the back cross generation us inter-

planted with the other parental lines (which is a nomal male fertile inbred) and heterozygous 

male fertiles occurring in back-cross generation should be removed as soon as identification is 

possible, thus leaving male sterile plants only. the male sterile plants can be identified in the 

early stage by the shape of sunflower buds as these plants have pitcher type of flower buds, 

whereas the male fertile plants have normal flower buds. 

 To summarise, the mechanisms of using genetic male sterility for F1 hybrid seed 

production under open field conditions require (1) a normal fully fertile inbred line and (2) and 

inbred line which is maintained by crossing together known heterozygous (Ms ms) and male 

sterile (ms ms) plants. Seeds should always be harvested from ms ms plants. The cross of ms ms 

x Ms ms should be repeated in every generation, as it will segregate in 1 fertile 1 Sterile ratio. A 

ratio of male sterile to pollinating fertile line is dependent on the size of hybrid block, but ratio of 

3 male sterileline 1 male fertile has proved to be the optimum.  

 

Lecture No: 18  

ROSE (Rosa indica)  2n = 14  

The rose is the world’s most favourite and popular romantic flower. History and 

symbolism, colour and fragrance, and sheer elegance of from-all combine to give the rose its pre-

eminent position. Even the thorns have romantic associations. The rose is one of the important 

crops grown for its cut flowers. It belongs to the family Rosaceae and all species of this flower, 

with minor exceptions, belong to the genus Rosa. The genus Rosa comprises 120 species and 

there are more than 30,000 cultivars which are extensively distributed in the temperate and 

subtropical parts of both the hemispheres.   

All the present day remarkable changes in growth habit, flowering and flower shape, 

from, colour, size and fragrance of modem roses have been due to chance crossing, selective 

crossing, bud sports, induced mutations, molecular breeding and selections.  

Origin: Europe  

Distribution: Extensively grown in colder parts, Canada, America, Russia and Japan. In India 

extensively grown in all northern states. To a little extent in southern states.  

Species / Cultivars  

R. eglanteria syn. R. rubiginosa: Sweet Brier  
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R. foetida syn. R. lutea, R. eglanteria: Austrian Briar rose  

R. gallica syn. R. rubra: French rose 

R. gigantean syn. R. odorata var. gigantean: Manipur Tea rose 

R. hugonis: Father Hugo rose, Golden rose of China  

R. kordesii (R. rugosa x R. Wichuraiana)  

R. laevigate: Cherokee rose 

R. moschata : Muse rose 

R. multiflora  

Breeding objectives:  
1. Continuous blooming – free flowering or recurrent blooming  

2. Brilliant and fragrant flower 

3. Uniform flower shape, form and size  

4. Growth should be vigorous – Improved appearance of plant 

5. Floriferous nature 

6. Winter hardiness 

7. Evergreen plant type and foliage attractiveness 

8. Long shelf life with less `petal shedding. 

9. Resistance to pests and diseases (powdery mildew, black spot, scale insect) 

10.  Thronless nature 

11.  Developing blue and purple coloured varieties as they are in great demand.  

12.  Head tolerance i.e. breeding varieties for tropical conditions.  

Breeding methods:  

1. Natural crossing and selection  

 Roses in nature and usually cross-pollinated by insects, especially the bees. During the 

course of development, a huge amount of heterozygosity and different ploidy levels have been 

accumulated in roses. Seeds from naturally formed rose fruits may give a variable progeny, 

especially in the modern varieties, possessing a complex pedigree. Even without artificia l 

crossing or hybridization, many new forms may be obtained from segregating populations. A 

large number of modern rose varieties have been developed through selection.  

2. Hybridization  

 Cross-breeding is one of the most powerful classical methods for developing new 

varieties. Artificial crossing is necessary to develop varieties with desirable selection of parents. 
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 Although a good amount of present day cultivars have arisen through hybridization, no 

systematic work has been done by geneticists to explore the scientific basis of rose breeding. The 

abnormalities, poor seed set, low seed germination, etc. These are the major constraints in rose 

breeding in obtaining the desired results. Our modern hybrids carry the genes of many ancestors 

and it is practica lly impossible to predict the result of any specific cross. The tip to hybridizing is 

to find good seed and pollen parents that will donate their characteristics. Most hybridizers have 

a special goal and are looking for a specific type of rose or character istics. The principal method 

of creating new rose varieties is growing progenies from seeds of planned crosses and making 

selections from them. The larger the population of seedlings, the greater is the chance of finding 

the desirable combinations of characters one seeks. It is very easy to produce a new rose from 

seedlings but very difficult to produce a really good new rose. It is very important to identify 

parent varieties that appear to have the best potential for contributing the characters which one 

seeks to combine in the hybrid offspring. Another consideration is to select the parents for 

crossing or the basis of their fertility status, which varies with the cultivars.  

 With the advancement of knowledge, rose breeding is becoming more and more 

scientific. However, the experience gained through numerous studies conducted worldwide 

suggested the possibility of directed breeding for desired objectives.  

Ex: Anurag, Chandrama and Chandrika 

B reeding for disease resistance  

 Black spot is a major foliar disease of roses that causes severe losses to commercial and 

home gardens. The breeding lines ‘Spotless gold’ (Floribunda, F3 selection: Goldlocks x Rosa 

rugosa ), ‘Spotless Yellow’ (Floribunda, F3 selection; Goldlocks x Rosa rugosa ) and ‘Spotless 

Pink’ (Flor ibudna, F3 selection: Chic x Rosa rugosa ) have been release for use a resistant parents 

in breeding programmes. Some resistant varieties have been developed through complex 

hybridization, like ‘A Mackenzie’, ‘Charles Albart’, ‘Champlan’, ‘William Baffin’, etc. 

resistance to blacks pot and Mildew.  

B reeding for Better Red Rose  

 Cyanidin imparts red colour to flower petals. But two more pigments have been 

identified, ‘Chrysanthemin’ and ‘Paeonin’ which produce a red much more brilliant and much 

less prone to fade than cyanidin. The breeder may select varieties containing large quantities of 

these pigments in a breeding programme to produce the perfect red rose. Climbing rose varieties 

‘Francois juraiville’, ‘Dorothy Perkins’ and sports have been an important source of variation 

because of the ease with which they can be isolated and vegetatively propagated. The rate of 
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spontaneous mutation in nature is very slow, but it has played an important role in the evolution 

of many new cultivars of roses.  

 One most important bud sport is the climbing habit in Hybrid Teas. Some more important 

climbing bud sports are available in ‘Crimson Glory’ and “Mrs. Sam McGredy, Climbing Blue 

Moon, Climbing Cinderella.  

3. Induced mutation: 

 Mutation breeding has now become one of the most powerful complementary 

methods for developing new varieties. The mutation breeding technique has been successfully 

utilized for the development of many new ornamental varieties. This technique has also been 

successfully used in roses for the development of new varieties. More than 30 induced mutant 

rose varieties have been commercialized. Physical mutagens (radiations) like x-ray, gamma ray, 

different chemicals (chemical mutagen) like ethyl methane sulphonate (EMS), methyl methane 

sulphonate (MMS), N-notroso-Nmethyl Urethane, sodium azide and colchicines have been 

widely used for evolving new cultivars.  

4. Polyploidy Breeding: 

 Among the horticultural classes, early miniatures were diploid but some later ones are 

tetraploids. Hybrid Teas and Floribundas are generally tetraploids but occasionally triploids. An 

example for evolvement of tetraploid variety is “Eva”. The cultivar ‘Eva’ had been subsequently 

utilized to develop the modern roses ‘Fashion’, ‘Bonn’, ‘Berlin’, etc., Artificially, polyploidy has 

been induced through colchicines treatments of buds.  

Molecular Breeding  

 Traditional breeding continues to be the principal source of new cultivars and varieties 

for the ornamental market. Its success is evident in the huge array of products available to the 

consumer. In spite of its success, traditional breeding has several limitations, the most obvious 

being the limited gene pool contained within a species. For example, it is not possible to breed 

for a blue rose or chrysanthemum or marigold because the gene(s) required for this colour is/are 

not present in the gene pools of these plants. 

 Molecular biology is expected to overcome the above mentioned breeding problems 
Genes conferring desirable traits, such as blue pigmentation, potentially can be 

transferred to species where these genes previously did not exist. Recent advances in 

recombinant DNA and allied techniques may permit additional opportunities for plant 

improvement. In recent years, several centres have started work on genetic engineering, us ing 

recombinant DNA technology, which offers unique possibilities of direct manipulation of 

specific –  plant gene(s).  
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One of the most exciting developments of molecular biology is the synthesis of the blue 

gene with special reference to synthesis of the blue rose. Rose cannot synthesis the blue pigment 

delphinidin due to a deficiency of the enzyme dihydrokaempferal 3 and 5 hydrolyze. Calgens 

pacific company at Melbourne. Suntory limited Japan and Petunia genetics group at the national 

del 1 Recherche Agronomique France have jointly successfully isolated the blue gene using 

petunia.  

They have standardized the technique to transfer the blue gene to rose. 

Ø Genetic engineering in used to enhance fragrance to a variety of plants. 

Ø Post harvest longevity by genetic engineering strategies to control senescence 
(phytoharmone ethylene).  

 

GERBERA (Gerbera jamesonii) 

 Gerbera commonly known as Transvaal Daisy, Barbeton Daisy or African daisy. It is 

highly suitable for beds, borders pots and rock gardens. The wide range  of colours and the 

attractive shape of flowers suit very well in flower arrangements. The cur blooms have long vase 

life.  

 The breeding of gerbera started in 1887 when R.I. Lynch crossed Gerbera jamesonii and 

Gerbera viridifolia . The hybrid was named Gerbera contabrigensis known today also as 

Gerbera hybida. Majority of the present commercial cultivated varieties originated from crossing 

the progenies of these two species.  

B reeding Objectives:  

 Taking into account the importance of Gerbera as a cut flow er and for garden purposes 

the following objectives are suggested in breeding of Gerbera. 

1. Uniformity and compactness of growth of plants 

2. Earliness in flowering  

3. More number of flowers / plant  

4. Development of double coloured flowers 

5. Uniform long and sturdy stalks  

6. Yield, period of flowering  

7. Vase life and  

8. Resistance to pests and diseases. 

B reeding Methods: 

 Since Gerbera can be propagated both sexually (seeds) and asexually (Suckers). The 

breeding methods suitable for both types can be followed they are  
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1. Clo nal Selection  

2. Synthetic vartiety 

3. Polyploidy 

4. Hybridization:  

 Numerous cultivars of Gerbera that are known today have been developed through 

hybridization. For breeding purposes the flowers can be divided into two groups based on ray 

floret width namely florets narrower that 5 to 55 mm and those wider than 55 mm. Breeding for 

flowers with fine rays is done within the first group. For wide rays crossing is done within the 

second group (or) hybridization between the second group and the less narrow types of the first 

group.  
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5. Mutation Breeding: 

 X-ray irradiation (20 GY) was tried on plants propagated in-vitro. Flower shape and size 

and foliage characters were affected but changes in flower colour were rare. Ethyl methyl 

sulphonate (EMS) was better than sodium hydrazide in inducing gene mutation.  

 
Lecture No: 19 

Mango (Mangifera indica ) (2n=40) 

Origin: Tropical Himalayas 

 Mango is described as king of all fruits according to Decandole Mango is in cultivation 

for the last 4000 years supposed to be originated from Himalayas in the areas of Burma, China 

and Malayan Peninsula. The number of varieties grown in India are about one thousand. Every 

variety has its own distinct taste, flavour, pulp consistency and yield potential.  

Distribution:  

 It is extensively  cultivated in India, Indo-China warm parts of Australia, Philippines, 

Pacific Islands, Himalayas. In India Andhra Pradesh, Uttar Pradesh, Bihar, Karnataka, 

Maharashtra, West Bengal and Gujarat.  

Breeding objectives 
 
All the commercial varieties have some demerits, which need improvement by breeding. 

Qualities of an ideal mango variety have been out lined as follows: 

1. Dwarf tree growth habit, 

2. Precocity and regularity in bearing, 

3. Attractive and good quality fruits 

4. High productivity and resistance to major diseases and pests  

5. Good transport and processing qualities 

6. Varieties suitable for export market 

Allied species in Mango: 
 
M. sylvatica              - India, Burma 

M. caloneura            –  Burma 

M. pentandra            – Burma 

M. odorata                   - Malaya 

M. zeylanica               – Ceylon 

M. cochinchinensis  –  Cochinchina 

M. monandra   –  Philippines 
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M. andamanica - Andaman Islands  

M. macrocarpa  –  Malaya  

M. foetida   - Malaya  

 

Breeding methods  

1. Introduction 

2. Selection 

3. Hybridization 

4. Mutation breeding 

1. Introduction: 
 

Name of the variety Country from where introduced 

Sweet Thailand 

Sensation USA 

Tomy Atkins Brazil 

Early Gold USA 
 

2. Selection: 
a. Chance seedlings:  

Mango was previously propagated through seeds and hence the old orchards in India 

were mostly of seedling origin. Some seedling progenies gave rise to varieties such as 

'Chinnaswarnarekha' and 'Mundappa'. The popular, salt tolerant rootstock (13-1) was identified 

in Israel by this technique.  

b. Clonal selection: 

• Extensive survey of Dashehari orchards around Maliabad in Uttar Pradesh has resulted in 

the isolation of best clone viz Dashehari -51 with higher yield and regular bearer. 

3. Hybridization:  

Since a large number of male and perfect flowers are borne on a mango panicle, it 

requires a special crossing technique. 

The panicle should be bagged with a muslin bag (60 cm x 30cm) fully stretched and fi} 

ed with two rings and a rod made of spliced bamboo. A piece of thick ir( n wire can also be made 

into a good frame for stretching the muslin bag  

Staminate flowers of the selected panicle to be used as female parent should be removed 

daily before dehiscence. Panicles of the variety selected as male parent should also be bagged 

before their flowers begin to open.freshly dehisced male flowers should be carried in a small 
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petridish lined trth a filter paper and covered with another petridish to protect the flower to avoid 

contamination with foreign pollen carried by insects. 

The conventional method of pollination is time consuming, cost intensive and inefficient 

because of tallness and difficult to handle trees poor fruit set. 'Caging technique' for crossing, 

developed at IARI following the discovery of self incompatibility in Dashehari, Langra, Chausa 

and Bombay Green, involves planting of grafted plants of the self incompatible varieties along 

with those of male parents enclosed in an insect ,proof cage and allowing pollination by freshly 

reared house flies and thus ting away with the tedious hand pollination.  

In hybridization on mango, work taken up in post independence period laid emphasis on 

regular and precocious bearing, dwarfness, high percentage  of pulp, fibreless flesh, large fruits 

with red blush, good keeping quality and  freedom from spongy tissue. Few of these such as 

Mallika and Ratna  have received commercial recognition. The cultivar 'Sindhu' evolved through 

intensive back crossing between Ratna and Alphonso develops fruits parthenocarpically under 

natural temperature conditions. The average size Sindhu fruits has been reported to be 215 g. 

It may be observed that the parents used in hybridization programme were of the best 

commercial varieties, superior in most of the traits but lacking in few qualities, which may be 

available in the other parents. Though in some cases (e.g. the hybrids at Sangareddy), the parents 

were the same the hybrids were differently named, due to the heterozygous nature of parents 

resulting in heterogeneous hybrid population.  

The constraints encountered in mango hybridization are: 

1. High fruit drop: In early stages, many young fruits drop after pollination and fertilization. 

2. Only one seedling can be obtained from one fruit (since the varieties are 

monoembryonic). 

3. The heterozygous nature and cross fertilization makes it difficult to predict the qualities 

of the hybrids. 

4. Complex nature of panicle and flower and excessive fruit drop. 

5. Large area of land is required for hybrid seedlings. 

6. Polyembryony - Difficulty in accurately identifying the zygotic seedling: polyembryonic 

varieties in Israel show that weight of zygotic seedling is higher than the nucellar 

seedling. Use of polymorphic enzyme systems (isozyme) has been used to identify 

zygotic seedling since the nucellar seedlings have the same isozyme alleles as in the 

maternal parent. 
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7. Longjuvenile phase - Mango hybrids  usually take 4-5 years to come to bearing and 

stability in yield could be assessed only after 10-15 years. 

4. Mutation Breeding:  

No variety has been developed so far by mutation breeding. Some attempts at IAR!, New 

Delhi using physical mutagens showed that the LD so for Neelum, Dashehari and Amrapali was 

between 2 and 4 Kr of gamma rays. LD so values has been found to be around 2 to 3 Kr for 

Neelum and Alphonso at Coimbatore. 

New Mango cultivars / hybrids  
 

Institute  Cultivars  Parentage  Major characters  
Mallika  Neelum x Dashehari Semivigorous, regular bearer, fruit 

attractive, large with good keeping 
quality 

 
 
 
IARI, New 
Delhi 

Amrapali Desehahari x Neelum Dwarf, precocious, highly regular and 
good cropper 

CISH, 
Lucknow  

M1 Ammpali x Janardhan 
Pasand 

Attractive skin colour, firm flesh and 
high TSS 

Au Rumani Rumani x Neelum Regular and prolific bearer FRS, 
Sangareddy Manjira Rumani x Neelum Dwarf, regular and prolific bearer 

PKM.1 Chinnaswamarekha x 
Neelum 

Regular bearer; fruit large , sweet and 
bearing in clusters 

 
TNAU, 
Periyakulam PKM.2  Neelum x Mulgoa Large frits (650 -700g) good quality of 

fruits. 
Arka Aruna Banganapalli x 

Alphonso 
Dwarf, regular -bearing; large 
Alphonso and attractive fruits free 
from spongy tissue  

Arka Puneet Alphonso x 
Banganapalli 

Attractive colour, good keeping 
quality, free from sopongy tissue and 
regular bearer. 

Arka Anmol Alphonso  x 
Janardhan Pasand 

Regular bearer, free ti -om spongy 
tissue, good keeping quality. 

 
 
 
 
 
IIHR, 
Bangalore 

Arka 
Neelkiran 

Neelum x Alphonso fruits attractive with red flesh, pulp 
deep yellow, regular bearer, late 
season 

West India  
FRS, Paria, 
Gujarat 

Neelphonso 
Neeleshan 
Neeleshwari 

Neelum x Aplhonso 
Neelum x Baneshan 
Neelum x Dashehari 

Dwarf with superior quality TSS and 
vitamin C content. 
 

FRS, 
Vengurla, 
Maharashtra 

Ratna 
Sindhu 

Neelum x Aplhonso 
Raina x Aplhonso 

Early. Free from spongy tissue 
Virtually seed less and free ti-om 
spongy tissue   
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GUAVA (Psidium guajava) (2n=22) 
 

In guava, most ofthe commercial varieties are reported to be diploids, the chromosome 

number being 2n=22, while the seedless varieties are triploids. 

Origin: Tropical America / West Indies  

Distribution:  America, Canada, Australia, India, Burma, Indonesia, Bangladesh etc. In India 

Uttar Pradesh, Andhra Pradesh, Maharashtra, Karnataka etc.  

Breeding objectives  

1. Development of seedless variety  

2. Less pectin content for edible purpose  

3. More pectin content for processing  

4. Uniform ripening  

5. High keeping quality  

6. Resistance to tea mosquito bug and wilt. 

Breeding methods   

1. Clonal selection 

Propagation by seeds "during early days gave rise to considerable variation in the form 

and size of fruit, the nature and flavour of pulp, seediness and other morphological character 

such as spreading or erect growth habit of the tree. Improvement work for the first time was 

initiated during 1907 at Ganeshkhind Fruit Experimental Station, Pune primarily with the 

collection of seeds of varieties, grown in different places to isolate superior strains. About 600 

seedlings were raised and evaluated for fruit and yield characters. One strain from open 

pollinated seedlings of Allahabad Safeda collected from Lucknow was selected and released as 

Lucknow49, which is a popular variety throughout India. 

At Horticultural Research Station, Saharanpur, evaluation of seedling types resulted in a 

superior selection, S-I, having good fruit shape, few seeds, sweet taste and high yield. 11w w - 

At IIHR, Bangalore, from 200 open pollinated seedlings of variety Allahabad Safeda 

collected from Uttar Pradesh, one seedling selection, Selection-8, was found to be promising.  

 

2. Hybridization 

At IIHR, Bangalore, by hybridization among Allahabad Safeda, Red Flesh Chittidar, 

Apple Colour, Lucknow-49 and Banaras, 600 FI hybrids were raised. One hybrid viz Arka 

Amulya has been released recently. It is a progeny from the cross Allahabad Safeda Triploid. 

Plants are medium vigour and spreading type. Fruits are round in shape. Skin is smooth and 
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yellow in colour. Fruits on an average weigh about 180-200g, Flesh is white in colour and firm. 

TSS is around 12° Brix, soft seeded, weight of 100 seeds is 1.8g. Keeping quality is good. 

At Fruit Research Station, Sangareddy (Andhra Pradesh), inter-varietal hybridization 

resulted in the isolation of two superior hybrids. . 

a) Safed Jam: This is a hybrid between Allahabad Safeda and Kohir (a local collection from 

Hyderabad-Karnataka region). It is similar to Allahabad Safeda in growth habit and fruit quality. 

The fruits are bigger in size with good quality and few soft seeds. 

b) Kohir Safeda: It is a hybrid between of Kohir x Allahabad Safeda. Tree is vigorous, the fruits 

are larger with few soft seeds and white flesh.  

Haryana Agri. University, Hisar has released two hybrid varieties. 

Hisar Safeda: It is a cross between "Allahabad Safeda" x 'Seedless,' which has upright growth 

with a compact crown. Its fruits are round, weighing about 92g each, pulp is creamy - white with 

less seeds, which are soft, TSS is 13.4% and ascorbic acid 185 mg / 100g.  

Hisar Surkha: It is a cross between' Apple Colour' x 'Banarasi Surkha'. Of the pink fleshed 

hybrids, it is ideal. Tree is medium in height with broad to compact crown, fruit is round 

weighing 86g each, pulp' is pink having 13.6% TSS, 0.48% acidity and 169 mg/l00g of ascorbic 

acid. Yield is 94 kg/tree/year. 

3. Polyploidy Breeding  

Producing triploids will be futile since the fruit shape in triploid is highly irregular and 

misshapen because of differential seed size. However in order to evolve varieties with less seeds 

and increased productivity, crosses were made at the IAR!, New Delhi, between seedless triploid 

and seeded diploid variety Allahabad Safeda. Of the 73 F. hybrids raised, 26 were diploids, 9 

trisomies, 5 double trisomies and 13 tetrasomics. Distinct variation in tree growth habit and leaf 

and fruit characters were observed. 

 
Lecture No: 20  

Banana (Musa paradisica)  –   Fruit variety  
       (Musa sapientum) – Vegetable variety  

(2n=22, 33, 44)  
 

Origin: Tropical Asia  

Distribution: USA, Canada, Europe, Brazil, India, Pakistan, Bangladesh, Indonesia, Burma and 

China. In India Andhra Pradesh, Assam, Bihar, Gujarat, Karnataka, Kerala, Madhya Pradesh, 

Maharashtra, Orrisa and West Bengal.  
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The edible cultivated parthenocarpic bananas belong to the section 'Eumusa' which are 

derived from Musa acuminata  and M bulbisiana. They have 22, 33 or 44 chromosomes; the 

basic number being n= 11 so that these cultivars are respectively diploids, triploids and 

tetraploids. Triploid cultivars are generally the most numerous, diploid somewhat less and 

tetraploids are very rare. Simmonds and Shepherd (1955) devised a method of indicating the 

relative contributions of these two wild species to the constitution of a cultivar. This involves a 

scoring technique using 15 morphological characters and applying the derived information to 

distinguish the  

M acuminata  types from those of M balbisinana. 

 

Depending upon the contribution of these parents to the constitution of the progeny and 

their chromosomal status, the naturally occurring edible bananas fall into seven groups; two 

diploids (AA, BB), three triploids (AAA, AAB, ABB) and two tetraploid (AAAA, AAAB). 

 

(i) Principal clones: There is a wide range of diversity in the clonal cultivars ranging from 

edible diploid M acuminata (AA) types, nurtured only in sheltered and humid environments, to 

the hardy hybrid triploids (ABB) which can tolerate seasonal monsoon as well as dry conditions 

prevailing in most part of the country. There are many synonyms and the classification of the 

Indian AAB and ABB groups is exceedingly complex. With possible exception of Dwarf 

Cavendish, all the important clones are of Indian origin. The important clones are given below. 

 

AB Group    : Ney Poovan, Thaen Kunnan, Kunnan, Adakka Kunnan, Nattu Poovan 

 

AA Group :  Anaikomban, Matti, Sanna Chenkadali, Kadali, Surya Kadali, Namarai, Pisang 

Lilin, Tongat 

AAAA Group : BodIes Altafort 

ABBB Group :  Klue Teparod, Sawai (synthetic hybrid) 

AAA Group   : Amritsagar, Gros Michel, Cavendish, Giant Cavendish, Robusta, Lacatan, 

Wather, Red Banana, Chakkarakeli, . Manoranjitham 

AAB Group : Poovan, Rasthali (Silk), Sugandhi, Pachanadan, Rajapuri, Virupakshi, 

Nendrapadthai, Nendran 

ABB Group : Nalla Bontha, Monthan, Karibontha (S), Ney Vannan (S), Peyan (S), 

Karpuravalli, Bhimkol, Enn Beman (S), Kallu Monthan (S) 

Breeding objectives 
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1. Dessert varieties for export  

 At present, the entire dessert banana export industry is dependent on Cavendish 

cultivars, all of which are genetically similar with respect to response.  

The characteristics sought by the banana breeder for export varieties are: 

» Yield equal to Cavendish varieties. 

» Quality, especially finger length, finger curvature and finger pedicel strength as in   

   Cavendish varieties. 

»  Flavour, ripening and carrying qualities similar to present varieties. 

» Pseudostem height similar to 'Grand Nain' or at least less than in the Cavendish  

   varieties such as 'Valery', 'Poyo', 'Robusta' or 'Giant Cavendish' . 

»  Foliage characteristics and production efficiency not inferior to 'Grand Nain'. 

»  Resistance to all known races of Fusarium wilt. 

»  Resistance to black Sigatoka and similar leaf spot diseases. 

»  Tolerance to nematodes. 

It is most unlikely that all these characteristics could be incorporated into one variety.  

2. Dessert varieties for local use 

In many parts of the tropics, dessert bananas of the 'Silk' and 'Pome' clones (AAB) are 

preferred to the Cavendish clones (AAA). Unfortunately, 'Silk' is highly susceptible to Panama 

disease and the 'Pome' variety is attacked by Panama disease in some situations and is somewhat 

susceptible to the common Sigatoka. In addition to disease susceptibility, the AAB varieties are 

very low yielders (6-12 tons/ha) in comparison to the Cavendish varieties (40 -50 tons/ha per 

year). Therefore, the main objective of a breeding programme for AAB dessert varieties is to 

produce disease resistant, high yielding varieties having the flavour and texture of the 'Silk' and 

'Pome' cultivars. 

3. Cooking varieties: Cooking varieties of the AAB plantain group and AAB and ABB cooking 

bananas have several major defects. All plantain cultivars are susceptible to black Sigatoka. 

Some of the ABB cooking bananas are susceptible to Race 2 of Panama disease and to Moko 

diseases. All, however, are relatively low yielders in comparison to the Cavendish varieties. 

Most of them are tall with consequent high losses from wind. In addition to disease resistance, 

good culinary traits and modest increase in yield should be the main objectives of breeding new 

cooking varieties. 

Breeding methods  

1. Hybridization 
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Technique of hybridization in banana is different from other crops. Pollination is best 

carried out in the morning. The bunches of female parent are bagged at shooting and each 

successive hand is pollinated as it is exposed. At maturity and ripening the bunch is cut and seeds 

are extracted. Seeds are sown at once in the green house. 

Seed germination in banana is found to be very poor, the percentage ranging from 0.003 

to 0.60. The seeds are soaked in water for a week before sowing in seed pan kept in mist 

chamber. The time taken for seeds to germinate ranges from 24-101 days, sometimes even 6 

months. The seeds of wild bananas germinate in 24 days. Under better conditions (hot days and 

cool winter), the germination improves (25-70%). 

Evaluation of hybrid progenies from seedling to harvest may not be the correct phase 

instead, evaluation of the same under next vegetative phase i.e. sucker to harvest stage will be 

ideal as full expression of yield potential could be observed only in the second crop of the F I 

progeny. The first crop (seedling to harvest) takes more than 15-19 months, where most ofthe 

energy of the plants is needed for corm formation. 

Three main approaches in breeding dessert bananas ofthe Cavendish.  

types are: 

» 3N x 2N superior diploids; there is no chromosome reduction in the egg cells thus  

   yielding tetraploids; 

» 4N bred tetraploid hybrids x 2N superior diploids producing 'Natural triploids' . 

» 2N meiotic restituting clones x 2N superior diploids producing 'Natural triploids'. 

Method (I) has been used extensively and method (2) has been tested relatively to a lesser 

extent. Method (3) has shown no promise thus far.One other method not evaluated is production 

of unreduced triploid egg cells from selected seeded triploids from 4N x 2N crosses. When 

crossed with diploids, the tetraploids produced would have three introductions of diploid parents 

in the pedigree. 

2. Developing new diploid male parent 

In many banana growing countries, initially wild diploid bananas (AA) were utili sed as 

male parents and as a result, the resultant tetraploids had inherited many undesirable traits. 

Hence, it has been felt by banana breeders that the primary objective is to synthesise a good male 

parent. An ideal male parent must be highly resistant to Panama and Sigatoka diseases, must 

have vertical and compact bunch and fruits as large as the diploidy can allow and must be 

parthenocarpic having sufficient pollen to permit its use as a male parent. Musa acuminata subsp. 

burmannica and its hybrids offer a good source of resistance to black Sigatoka. One such diploid 

developed in Honduras is SH 2989. Other male diploids meriting mention are SH 3142 for 
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nematode resistance and SH 3176 evolved through multiple crosses for resistance to black 

Sigatoka with desired horticultural traits. 

In India, the banana breeding goal has been set to develop malefertile, parthenocarpic 

diploids with resistance to Sigatoka disease, burrowing nematode and Fusarium wilt, along with 

high yield, longer fruits and better bunch hang. Dwarf stature is desirable for developing 

resistance against wind damage. The basic approach has been oriented primarily towards 

improving the diploid male parents. 

3. Mutation breeding :  Bud mutation in Indian banana is very common perhaps due to 

spontaneous rearrangement of chromosomes in somatic meristem and structural reassortment. A 

great majority of edible bananas are triploids, a condition that interferes with normal equilibrium 

of plants and may provide the requisite stimulus to structural rearrangeme nt of chromosomes, 

leading ultimately to the evolution of a new gene complex. Clonal propagation and selection 

have helped in perpetuation of these mutants continually adding to these changes. 

Large number of mutants is reported from the cultivated clones of banana in South India. 

In Nendran variety alone, more than six mutants have been recognized. One of these, Moongil, 

has undergone such a radical change that there is no male phase and a bunch has only one or two 

hands with biggest size fruits. Attu Nendran, Nana Nendran, Myndoli, Velathan and Nenu 

Nendran are a few mutants which have been selected for one or the other desirable character. 

Dwarf Cavendish itself is a mutant of an important clone and is known to have given rise 

to many clones. A semi -tall mutant known as Pedda Pacha Arati in Kumool district of Andhara 

Pradesh and Harichal or Bombay Green of Maharashtra have assumed commercial status. More 

than six clones have been isolated from Basrai based on robust growth of pseudostem and large 

bunch size. Ambalakadali and Erachi Vazhai are mutants of Red Banana. The superior table 

variety, Rasthali in which the male bud is aborted giving rise to many number of fruits in a 

bunch. This variety is popularly called' Ayirankai Rasthali', meaning tOOO-fruited Rasthali. The 

Kunnan variety of Malabar has provided a few mutants known as Thattilla Kunnan (male phase 

absent), Vennettu Kunnan, Adakka Kunnan and Thaen Kunnan.  

A number of sports have been recognized in cv. Monthan, viz., Sambal Monthan, Nalla 

Bontha Bathees, Sambrani Monthan, pidi Montha and Thellatti Bontha. In Puri district of Orissa, 

Monthan banana is largely cultivated and more than 5 bud sports have been identified which are 

under commercial cultivation. The sports differ with respect to plant size, colour and shape of 

finger. From Poovan cultivar, Motta Poovan (absence of prominent nipple at distal end of the 

fruit) has been developed as a bud sport. These are some of the outstanding mutants recognized 

mainly in south India. 
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Induced mutations have now been used in banana breeding. 

b. Iso/ation of somaclona/ variants: In vitro production of crop plants has resulted in substantial 

variability called "somaclonal variation". A wide range of stable variants involving dwarfism, 

leaf shape, pigmentation of foliage and pseudostem and bunch characteristics was also observed. 

Few somaclonal variants isolated in cv. Robusta at TNAU, Coimbatore is reported to be dwarf in 

stature. 

FATOM- I, an early flowering mutant derived from in vitro gamma irradiated meristem culture 

of cv. Grand Nain has been released in Malaysia. 

It is a selection from M1 V4 generation, which flowers within 9 months, as against 15 months in 

the parent material. It yields a bunch weight of 26 kg! 

plant as against 23 kg/plant in cv. Grand Nain. 

Papaya (Carica papaya )     (2n = 18) 
 

Papaya (Carica papaya ) belongs to the family Caricaceae and genus Carica have about 

40 species. Only Carica papaya  produces edible fruits. Among the other species, only six have 

been utilized in breeding programme to induce resistance to virus diseases and frost. C.cauliflora 

is resistant to viruses while C.candamarcensis and C.pentagona  are resistant to frost. Papaya is a 

polygamous plant and has many sex forms. There are 3 basic sex types - staminate or male, 

hermaphrodite and pistillate or female. Of these, only female is stable whereas flowers of 

hermaphrodite and male vary in sex expression under different environmental conditions. 

Inheritance of sex has been studied extensively and the following Mendelian symbols have been 

proposed: 

Genes 

M1 = dominant factor for maleness 

M2 = dominant factor for hermaphroditism, and 

m = recessive factor for femaleness 

Genetic constitution 

M1 m = Staminate plant. 

M2 m = Hermaphrodite plant, and  

mm = Pistillate plant 

Sex in papaya cannot be identified unless they flower but the ratio can be predicted 

provided it is control pollinated. The sex inheritance in different cross combinations is as 

follows: 

Cross of self Female plant Hermaphrodite 
plant 

Male plant Non-viable  
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mm x M1 m 1 mm - 1 M1m - 

mm x M2 m 1mm 1 M2m - - 

M2m x M2m 1 mm 2 M2m - 1 M2 M2 

M1m x M1m 1mm - 2 M1m 1 M1 M1 

M2m x M1m 1 mm 1 M1m 1 M1m 1 M2 M1 

 

B reeding objectives:  

1. More fruit yield 

2. To develop dwarf stature trees.  

3. Uniform ripening  

4. High keeping quality 

5. Resistance to prost and other abiotic stresses 

6. Resistance to pests and diseases  

B reeding methods  

1. Inbreeding and selection 

In dioecious lines, suitable male plants are selected from the same progeny which have 

resemblance to female plants in vegetative characters, such as stem and leaf colour, stem 

thickness and height at flowering, etc. Progenies raised from S1 inbreds are screened and desired 

male and female plants are selected for further sibmating i.e. crossing between the female plant 

and male plant of the same cultivar. The process is to be continued  for 7-8 generations to 

achieve uniformity of a group of characters. In this method, the progeny will have male and 

female in equal proportion. Many dioecious cultivars have been bred by this method. 

1. CO. 1 : A selection made at Coimbatore from cultivar Ranchi, plant dwarf, fruit round to oval 

with orange-coloured flesh. 

2. CO.2: Selected from local strain, plants medium tall, fruits large, ovate in shape, a high papain 

yielder. 

3. CO.5: Inbred selection from Washington type, high papain yielder. 

4. CO.6: Inbred selection from a giant papaya, dual purpose variety. 

5. Pusa Giant: Vigorous and sturdy plant, good fruit size, tolerant to strong wind.  

6. Pusa Dwarf: Dwarf plant, fruit oval, and medium size preferred by consumers. 

Breeding for gynodioecious lines may be followed by selfing regular and prolific bearing 

hermaphrodite and/or crossing (sibmating) the female with hermaphrodite. The main advantage 

of this method is that all the plants are productive. Suitable hermaphrodite plants which do not 

vary with climatic changes are selected for breeding. Selfing is to be continued in selected 
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hermaphrodite plants for at least 3 generations for unifonnity of characters. As regards 

sibmating, desired types of female plants are selected and sibmated with hermaphrodite plant. 

Seedlings raised from S1 inbred are screened and desired female and hermaphrodite plants are 

selected for further sibmating. This process is to be continued for 7-8 generations till the 

homozygosity is achieved. In this method, the progenies will be female and hermaphrodite. As a 

result of inbreeding and selection for 8 generations during 1966-1982, following varieties were 

developed.  

1. Pusa Delicious: Gynodioecious line, heavy yield, fruit very sweet with good flavour, medium 

tall plant 

2. Pusa Majesty: Gynodioecious line, high papain yielder, better keeping quality fruit, tolerant to 

virus and nematode.  

2 Hybridization:  

a) Using Dioecious lines 

It has been established that female plants are more productive than hermaphrodite ones. 

Due to the crossing, most of the cultivars are highly variable. Hence it is considered appropriate 

to sibmate the selected female and male plants so as to bring homozygosity. Hence, suitable male 

plants are selected from the same progeny, which have resemblance to female plants in 

vegetative characters, such as stem and leaf colour, stem thickness and height at flowering etc. 

Progenies raised from S1 inbreds are screened and desired male and female plants are selected 

for further sibmating. This process is to be continued for 7-8 generations to achieve uniformity of 

a group of characters. 

b) Using gynodioecious lines  

It involves selfing regular and prolific bearing hermaphrodite and or crossing (sibmating) 

the female with hermaphrodite. Suitable hermaphrodite plants, which do not vary with climatic 

changes, are selected. Of the various types of the flower produced by a hermaphrodite plants 

'elongata' and 'pentandra' types are selected for selfing. Selfing is to be continue d in selected 

hermaphrodite plants for atleast three generations for uniformity of characters. In the case of 

female and hermophrodite plants, sibmating between desired types of female plants are selected 

and sibmated with hennaphrodite plant. Seedling raised from SI inbred is screened and desired 

female and hermaphrodite plants are selected for further sibmating: This process is to be 

continued for 7-8 generations till homozygosity is achieved. 

Crossing between two or more parents and selecting the derived progenies with good 

attributes in the advanced generations has been employed as a method to develop new cultivar. 

CO.3 is a hybrid derivative between CO.2 x Sunrise Solo. Similarly, CO.7 is a gynodioecious 
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cultivar developed from the crosses of CP.75 (Pusa Delicious x CO.2) x Coorg Honey Dew. 

Fruits are with red flesh and very sweet in  

 

c) Heterosis breeding  

At IIHR, Bangalore, an F1 hybrid namely Surya (Sunrise Solo x Pink Flesh Sweet) was 

released recently. It is gynodioecious in nature and produces about 75-80 fruits of medium size 

weighing about 600-800 g. The flesh is red in colour, firm, sweet to taste with a TSS of 14° brix.  

d) Mutation breeding 

A Dwarf mutant was isolated in ~ generation by treating the seeds with gamma rays. 

Repeated sibmating among the dwarf plants had resulted in the establishment of homozygous 

dwarf line, named as Pusa Nanha. The first bearing height is about 106 cm from the ground 

level. 

     

Lecture No:  21, 22 & 23  

Plant Genetic Resources  
 

  The sum total of genes in a crop species is referred to as genetic resources. 
 or 

 Gene pool refers to a whole library of different alleles of a species 
or  

 Germplasm may be defined as the sum total of hereditary material i.e., all the alleles of 

various genes present in a crop species and its wild relatives. 

 Also known as gene pool or genetic stock or germplasm or genetic resources. 

 Germplasm or gene pool is the basic material with which a plant breeder has to initiate 

his breeding programme.  

 Important features of plant genetic resources are  

1. Gene pool represents the entire genetic variability or diversity available in a crop species. 

2. Germplasm consists of land races, modern cultivars, obsolete cultivars, breeding stocks, 

wild forms and wild species of cultivated crops. 

3. Germplasm includes both cultivated and wild species or relatives of crop plants. 

4. Germplasm is collected from the centres of diversity, gene banks, gene sanctuaries, 

farmers fields, markets and seed companies. 

5. Germplasm is the basic material for launching a crop improvement programme. 

6. Germplasm may be indigenous (collected with in country) or exotic (collected from 

foreign countries) 

Kinds of Germplasm 
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 The germplasm consists of various plant materials of a crop such as  

(1) land races     (4) advanced (homozygous), breeding materials, 
(2) obsolete cultivars    (5) wild forms of cultivated species 
(3) modern cultivars    (6) wild relatives 
     (7) mutants 
 These are briefly discussed below : 

1. Land races  

 These are nothing but primitive cultivars which were selected and cultivated by the 

farmers for many generations without systematic plant breeding efforts.  

- Land races were not deliberately bred like modern cultivars. They evolved under 

subsistence agriculture. 

- Land races have high level of genetic diversity which provides them high degree 

of resistance to biotic and abiotic stresses. 

- Land races have broad genetic base which again provides them wider 

adoptability. 

- The main drawbacks of land races are that they are less uniform and low yielders. 

- Land races were first collected and studied by N.I. Vavilor in rice.  

2. Obsolete Cultivars   
 These are the varieties developed by systematic breeding effort which were popular 

earlier and now have been replaced by new varieties. Improved varieties of recent past are 

known as obsolete cultivars.  

- Obsolete varieties have several desirable characters they constitute an important 

part of gene pool. Example : Wheat varieties K65, K68, pb 591 were most 

popular traditional tall varieties before introduction of high yielding dwarf 

Mexican wheat varieties. Now these varieties are no more cultivated. They are 

good genetic resources and have been widely used in wheat breeding programmes 

for improvement of grain quality. Now such old varieties are found in the 

genepool only.  

3. Modern cultivars  
 The currently cultivated high yielding varieties are referred to as modern cultivars. They 

are also known as improved cultivars or advanced cultivars. 

- These varieties have high yield potential and uniformity as compared to obsolete 

varieties land races. 

- They constitute a major part of working collections and are extensively used as 

parents in the breeding programmes. 
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- As these are good sources of genes for yield and quality, can be introduced in a 

new area and directly released.  

- However, these have narrow genetic base and low adoptability as compared to 

land races 

4. Advanced breeding lines 
 These are pre -released plants which have been developed by plant breeders in modern 

scientific breeding programmes. These are known as advanced lines, cultures and stocks. 

This group includes, nearly homozygous lines, lines derived from biotechnology programmes 

i.e. transgenic plants and mutant lines etc. These lines which are not yet ready for release to 

farmers. They often contain valuable gene combinations. 

5. Wild forms of cultivated species  
 Wild forms of cultivated species are available in many crop plants. Such plants have 

generally high degree of resistance to biotic and abiotic stresses and are utilized in breeding 

programmes. They can easily cross with cultivated species.  Wild forms of many crop species 

are extinct.  

6. Wild Relatives 

 Those naturally occurring plant species which have common ancestry with crops and can 

cross with crop species are referred to as wild relatives or wild species. Wild relatives include 

all other species, which are related to the crop species by descent during their evolution. Both 

these groups are sources of valuable genes for biotic and abiotic stress and for quality traits 

and yield.  

7. Mutants  

 Mutation breeding is used when the desired character is not found in the genetic stocks of 

cultivated species and their wild relatives. Mutations do occur in nature as well as can be 

induced through the use of physical and chemical mutagens. The extra variability which is 

created through induced mutations constitutes important components of genepool. Mutant for 

various characters sometimes may not be released as a variety, but they are added in the 

genepool. The germplasm includes those carrying gene mutations, chromosomal aberrations 

and markers genes etc. are considered special genetic stocks. They are useful in breeding 

programmes. 

The gene pool system of classification 

 The pool of a crop includes all cultivars, wild species and wild relatives containing all the 

genes available for breeding use. 
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 Based on degree of relationship, the gene  pool of crops can be divided into three groups 

(Harland and Dewet, 1971) , viz., 

1. Primary gene pool 

2. Secondary Gene pool 

3. Tertiary gene pool 

 These are briefly discussed below : 

1. Primary gene pool (GP1) : This is also known as gene pool one (GP1). The gene pool in 

which intermating is easy and leads to production of fertile hybrids is known as primary 

gene pool. It includes plants of the same species or of closely related species which 

produce completely fertile offspring on intermating. In such gene pool, genes can be 

exchanged between lines simply by making normal crosses. This is the material of prime 

breeding importance. 

2. Secondary gene pool (GP2) : This type of gene pool is also known as gene pool two 

(GP2). The genetic material that leads to partial fertility on crossing with GP1 is referred 

to as secondary gene pool. It includes plants that belong to related species. Such material 

can be crossed with primary gene pool, but usually the hybrids are sterile and some of the 

progeny to some extent are fertile. Transfer of gene from such material to primary gene 

pool is possible but difficult.  

Tertiary gene pool (GP3) : The genetic material which leads to production of sterile 

hybrids on crossing with primary gene pool is termed as tertiary gene pool or gene pool 

three (GP3). It includes material which can be crossed with GP1, but the hybrids are 

sterile. Transfer of genes from such material to primary gene pool is possible with the 

help of special techniques. 

Types of seed collections  
 Based on the use and duration of conservation, seed collections are of three types 

1. Base collections  
2. Active collections   
3. Working collections 
1. Base collections: It is also known as principal collection. These consist of all the 

accessions present in the germplasm of a crop. They are stored at about  

-180C or -200C with 5 + 1% moisture content; they are disturbed only for regeneration. 

When the germination of an accession falls below, usually, 95% of its germination at the 

start of storage, the accession is regenerated. For reasons of safety, duplicates of base 

collections should be conserved in other germplasm banks as well. High quality orthodox 

seeds can maintain good viability upto 100 years. 
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2. Active collections : The accessions in an active collection are stored at temperatures 

below 150C (often near 00C), and the seed moisture is kept at 5%. The storage is for 

medium duration, i.e., 10-15 years. These collections are actively utilized in breeding 

programme. These collections are used for evaluation, multiplication and distribution of 

the accessions. They are usually maintained by multiplying the seeds of their own 

accessions. But from time to time, base collection material should be used for 

regeneration of these collections.   Germination test is carried out after every 5-10 years 

to assess the reduction in seed viability. 

3. Working collections : The accessions being actively used in crop improvement 

programmes constitute working collection. Their seeds are stored for 3-5 years at less 

than 150C and they usually contain about 10% moisture. These collections are maintained 

by the breeders using them.  

Core collection  

 The concept of core collection was proposed by Franked it refers to a subset of base 

collection which represents the large collection. Or a limited set of accessions derived from an 

existing germplasm collections. 

Germplasm activities 

 There are six important activities related to plant genetic resources. 
 1. Exploration and collection    4. Documentation 
 2. Conservation    5. Multiplication and Distribution 
 3. Evaluation     6. Utilization 
Exploration  

 Exploration refers to collection trips and collection refer to tapping of genetic diversity 

from various sources and assembling the same at one place. 

 The exploration and collection is a highly scientific process. This process takes into 

account six important items, viz, (1) sources of collection, (2) priority of collection, (3) agencies 

of collection, (4) methods of collection, (5) methods of sampling and (6) sample size. 

Merits and Demerits  
 There are several merits and demerits of exploration and collection of germplasm, some 
of which are as discussed below: 
Merits  

1. Collection helps in tapping crop genetic diversity and assembling the same at one place. 

2. It reduces the loss of genetic diversity due to genetic erosion.  

3. Sometimes, we get material of special interest during exploration trips. 

4. Collection also helps in saving certain genotypes from extinction.  

Demerits  
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1. Collection of germplasm especially from other countries, sometimes leads to entry of 

new diseases, new insects and new weeds. 

2. Collection is a tedious job.  

3. Collector, sometimes has encounter with wild animals like elephants, tigers etc. 

4. Transportation of huge collections also poses difficulties in the exploration and 

collection. 

2. Germplasm conservation  

 Conservation refers to protection of genetic diversity of crop plants from genetic erosion. 

There are two important methods of germplasm conservation or preservation.   

  or 

 Germplasm conservation refers to maintain the collected germplasm in such a state that 

there is minimum risk for its loss and that either it can be planted directly in the field or it can be 

prepare for planting with relative ease when ever necessary. 

        There are two important methods of germplasm conservation or preservation viz., 
1. In situ conservation   2. Ex situ conservation 

1. In situ conservation  

 Conservation of germplasm under natural habitat is referred to as in situ conservation. 

This is achieved by protecting this area from human interference : such an area is often called 

as natural park, biosphere reserve or gene sanctuary. A gene sanctuary is best located within 

the centre of origin of crop species concerned, preferably covering the microcenter with in 

the centre of origin. NBPGR, New Delhi is making attempts to establish gene sanctuaries in 

Meghalaya for Citrus and in the North-Eastern region for Musa, Citrus, Oryza, Saccharum 

and Megifera. 

 This method of preservation has following main disadvantages 

1) Each protected area will cover only ve ry small portion of total diversity of a crop 

species, hence several areas will have to be conserved for a single species. 

2) The management of such areas also poses several problems. 

3) This is a costly method of germplasm conservation 

Merits : Gene sanctuaries offer the following two advantages. 

1. A gene sanctuary not only conserves the existing genetic diversity present in 

the population, it also allows evolution to continue. As a result, new alleles and 

new gene combinations would appear with time. 

2. The risks as sociated with ex situ conservation are not operative. 

2. Ex situ conservation  
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 Conservation of germplasm away from its natural habitat is called ex situ germplasm 

conservation. This method has following three advantages. 

1) It is possible to preserve entire genetic diversity of a crop species at one place. 
2) Handling of germplasm is also easy 
3) This is a cheap method of germplasm conservation 

 Preservation in the form of seed is the most common and easy method, relatively safe, 

requires minimum space and easy to maintain. Glass, tin or plastic containers are used for 

preservation and storage of seeds. The seed can be conserved under long term, medium term and 

short term storage conditions.  

 Roberts in 1973 classified seeds on the basis of their storability, into two major groups. 

viz., 

 1. Orthodox seeds    2. Recalcitrant seeds  
1. Orthodox Seeds : Seeds of this type can be dried to low moisture content of 5% and 

stored at a low temperature without losing their viability are known as orthodox seeds. 

Most crop seeds belong to this category. Such seeds can be easily stored for long periods; 

their longevity increases in response to lower humidity and storage temperature. Eg. 

Wheat, Rice, Corn, Chickpea, Cotton, Sunflower 

2. Recalcitrant seeds : The viability of this group of seeds drops drastically if their 

moisture content is reduced below 12-30%. Seeds of many forest and fruit trees, and of 

several tropically crops like Citrus, cocoa, coffee, rubber, oil palm, mango, jackfruit, etc. 

belong to this group. Such seeds present considerable difficulties in storage.  They 

require in situ  conservation.  

3. Evaluation  
Evaluation refers to screening of germplasm in respect of morphological, genetical, 

economic, biochemical, physiological, pathological and entomological attributes. 

Evaluation requires a team of specialists from the disciplines of plant breeding, 

physiology, biochemistry, pathology and entomology. First of all a list of descriptors (characters) 

for which evaluation has to be done is prepared. This task is completed by a team of experts from 

IPGRI, Rome, Italy. The descriptors are ready for various crops. The evaluation of germplasm is 

down in three different places, viz., (1) in the field, (2) in green house, and (3) in the laboratory.  

 

4. Documentation  

 It refers to compilation, analysis, classification storage and dissemination of information. 

In plant genetic resources, documentation means dissemination of information about various 

activities such as collection, evaluation, conservation, storage and retrieval of data. Now the term 
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documentation is more appropriately known as information system. Documentation is one of the 

important activities of genetic resources. Large number of accessions are available in maize, rice, 

wheat, sorghum, potato and other major crops. About 7.3 million germplasm accessions are 

available in 200 crops species. Handling of such huge germplasm information is only possible 

through electronic computers. 

5. Distribution  

 The specific germplasm lines are supplied to the users on demand for utilization in the 

crop improvement programmes. 

1. Distribution of germplasm is the responsibility of the gene bank centres 

2. The germplasm is usually supplied to the workers who are engaged in research work of a 

particular crop species. 

3. Supplied free of cost to avoid cumbersome work of book keeping. 

4. The quantity of seed samples depends on the availability of seed material and demands  

5. Proper records are maintained about the distribution of material.  

6. It helps in acclimatization and purification of the material.  

6. Utilization  

 It refers to use of germplasm in crop improvement programmes. The germplasm can be 

utilized in various ways. The uses of cultivated and wild species of germplasm are briefly 

discussed below:  

a) Cultivated Germplasm 

 It can be used in three main ways: (1) as a variety, (2) as a parent in the hybridization, 

and (3) as a variant in the gene pool. 

b) Wild Germplasm 

 it is used to transfer resistance to biotic and abiotic stresses, wider adaptability and 

sometimes quality such as fibre strength in cotton.  

Organizations associated with germplasm 

IPGRI – International Plant Genetic Resources Institute  

NBPGR – National Bureau of Plant Genetic Resources  

 

Lecture No: 24  

CENTRES OF DIVERSITY AND GENE BANKS 

Gene Sanctuaries 

 The genetic diversity is sometimes conserved under natural habitat. The areas of great 

genetic diversity are protected from human interference. These protected areas in natural habitat 
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are referred to as gene sanctuaries. Gene sanctuary is also known as natural park or biosphere 

reserve. Gene sanctuary is generally established in the centre of diversity or microcenter. India 

has setup its first gene sanctuary in the Garo Hills of Assam for wild relatives of citrus. Efforts 

are also being made to setup gene sanctuaries for Banana, Sugarcane, Rice and Mango. In 

Ethiopia gene sanctuary for conservation of wild relatives of coffee was setup in 1984.  

 Gene sanctuaries have two main advantages.  

1. It protects the loss of genetic diversity caused by human intervention.  

2. It allows natural selection and evolution to operate.  

3. The risks associated with ex situ  conservation are not operative 

 There are two main drawbacks of gene sanctuary.  

1. Entire variability of a crop species can not be conserved.  

2. Its maintenance and establishment is a difficult task.  

3. It is a very good method of in situ conservation. 

Genetic Erosion 

 Genetic erosion refers to loss of genetic diversity between and within populations of the 

same species over a period of time.  

or 

 Gradual reduction in genetic diversity in the populations of a species, due to elimination 

of various genotypes, is called genetic erosion.  

 Thus genetic erosion leads to reduction of the genetic base of a species due to human 

intervension and environmental changes.  

There are five main reasons of genetic erosion   

1. Replacement of land races with improved cultivars : The main features of modern 

cultivars are high yield, uniformity, narrow genetic base and narrow adaptability. On the 

other hand land races and primitive cultivars have more genetic diversity, broad genetic 

base, wider adaptability and low yield potential. Thus replacement of land races with 

modern cultivars has resulted in reduction in genetic diversity because land races are 

disappearing. 

2. Modernization of agriculture : Clean and modern agriculture , Improved crop 

management practices has resulted in the elimination of wild and weedy forms of many 

crops. These weedy forms enhance the genetic diversity through introgression of genes 

from crop to weedy forms and weedy forms to crop plants. 

3. Extension of farming into wild habitats :  It has resulted in destruction of wild relatives 

of various crops resulting in reduction of their genetic diversity.  
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4. Grazing into wild habitats : Grazing of animals in the wild habitat also reduces genetic 

diversity by destroying the wild and weedy forms of crop plants. 

5. Developmental activities like Hydroelectric projects, growth of towns, cities, roads, air 

ports and industrial areas also lead to genetic erosion of crop plants, because vast areas 

are cleaned for such activities. 

Extinction 

 Extinction refers to permanent loss of a crop species due to various reasons. 

Introgression 

 Transfer of few genes from one species into the full diploid chromosome complement of 

another species. 

Gene banks 

 Gene bank refers to a place or organization where germplasm can be conserved in living 

state. Gene banks are also known as germplasm banks. The germplasm is stored in the form of 

seeds, pollen or in vitro cultures, or in the case of a field gene banks, as plants growing in the 

field. Gene banks are mainly of two types, viz.,  

1. Seed gene banks 

2. Plant or field gene banks 

3. Meristem gene banks  

4. Cell and organ gene banks and 

5. DNA gene banks 

  These are briefly discussed below :  

1. Seed gene banks :  

 A place where germplasm is conserved in the form of seeds is called seed gene banks. 

Seeds are very convenient for storage because they occupy smaller space than whole plants. 

However, seeds of all crops can not be stored at low temperature in the seed banks. The 

germplasm of only orthodox species (whose seed can be dried to low moisture content 

without losing variability) can be conserved in the seed banks. In the seed banks, there are 

three types of conservation, viz., (1) short term, (2) medium term, and (3) long term. Base 

collections are conserved for long term (50 years or more) at – 18 or – 200C. Active 

collections are stores for  medium term  

(10-15 years) at zero degree Celsius and working collection are stored for short term (3-5 

years) at 5-100C. The main advantages of gene banks are as follows. 

1)  Large number of germplasm samples or entire variability can be conserved in a very 

small space. 
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2)  In seed banks, handling of germplasm is easy 

3)  Germplasm is conserved under pathogen and insect free environment 

  There are some disadvantages of germplasm conservation in the seed banks.   

1)  Seed of recalcitrant species can not be stored in seed banks 

2)  Failure of power supply may lead to loss of viability and there by loss of germplasm 

3)  It requires periodical evaluation of seed viability. After some time multiplication is 

essential to get new or fresh seeds for storage. 

2. Field Gene banks  

 Field gene banks also called plant gene banks are areas of land in which germplasm 

collections of growing plants are assembled. This is also ex situ conservation of germplasm. 

Those plant species that have recalcitrant seeds or do not produce seeds readily are conserved in 

Field gene banks. In field gene banks, germplasm is maintained in the form of plants as a 

permanent living collection. Field gene banks are often established to maintain working 

collections of living plants for experimental purposes. Field gene banks have been established in 

many countries for different crops. 

Field gene banks in some countries 

Name of country Crop species for which field gene bank is established 

Malaysia  Oil palm has been conserved on 500 hectares 

Indonesia  Earmarked 1000 hectare area for coconut and other perennial crops 

Philippines South East Asia germplasm of banana has been conserved 

India  Global collection of coconut has been conserved in Andman & Nicobar 

 

 Field gene banks have some advantages and disadvantages. 

Advantages  

1.  It provides opportunities for continuous evaluation for various economic characters. 

2.  It can be directly utilized in the breeding programme 

Disadvantages  

1. Field gene banks can not cover the entire genetic diversity of a species. It can cover only 

a fraction of the full range of diversity of a species. 

2. The germplasm in field gene banks is exposed to pathogens and insects and sometimes is 

damaged by natural disasters such as bushfires, cyclones, floods, etc. 
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3. Maintenance of germplasm in the field gene banks is costly affair 

Meristem gene banks 

 Germplasm of asexually propagated species can be conserved in the form of meristems. 

This method is widely used for conservation and propagation of horticultural species. In vitro 

method can be used in two ways. First for storage of tissues under slow growth conditions. 

Second, for long term conservation of germplasm by cryopreservation. In cryopreservation, the 

tissues are stored at a very low temperature i.e. at -1960C in liquid nitrogen. At this temperature, 

all biological processes virtually come to a stop.  

Shoot Tip Gene Banks  

 In such gene banks, germplasm is conserved as slow  growth cultures of shoot-tips and 

nodal segments. Their regeneration consists of sub-culturing the cultures, which may be done 

every 6 months to 3 years. The chief merits for the conservation of germplasm of vegetatively 

propagated crops and tree species. 

1. Genotypes of the accessions can be conserved indefin itely free from diseases and pests. 

2. They can be used for such crops, which either do into produce seeds or produce 

recalcitrant seeds. 

3. Subculture becomes necessary only after relatively long periods (every 6-36 months). 

4. Regeneration i.e., subculturing, requires a comparatively very short time. 

In addition, cuttings, bulbs and tubers can be maintained under controlled humidity and 

temperature conditions; however, this approach is practical for the short and medium term 

storage, and it should be used in conjunction with a field gene bank. 

Cell and Organ Gene Banks  

 A germplasm collection based on cryopreserved (at -1960C in liquid nitrogen) 

embryogenic cell cultures, shoot-tips and or somatic/zygotic embryos may be called cell and 

organ bank. The techniques for cryopreservation of plant cells and tissues are being rapidly 

refined, and some such banks have been established, e.g., for potato in Germany.  

DNA Gene Banks  

 In these banks, DNA segments from the genomes of germplasm accessions are 

maintained as cosmid clones, phage lysates or pure DNA (the last one being for relatively short 

periods). These DNA segments can be evaluated and the desired ones may be used to produce 

transgenic plants. This approach is applicable to the conservation of genetic materials of already 

extinct species since DNA extracted from well preserved herbarium specimens can often be 

cloned. However, it is very expensive and highly sophisticated. A world -wide network of DNA 

banks for threatened / endangered species has been established. 
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Lecture No: 25 & 26 
IDEOTYPE BREEDING 

  

 Crop ideotype refers to model plants or ideal plant type for a specific environment. In 

broad sense an ideotype is a biological model which is expected to perform or behave in a 

predictable manner within a defined environment. More specifically, crop ideotype is a plant 

model which is expected to yield greater quantity of grains, fibre, oil or other useful product 

when developed as a cultivar. The term ideotype was first proposed by Donald in 1968 working 

on wheat.  

Ideotype Breeding  

 Ideotype breeding can be defined as a method of crop improvement which is use to 

enhance genetic yield potential through genetic manipulation of individual plant character. 

Main features of ideotype breeding are  

1. Emphasis on individual trait  

 In ideotype breeding, emphasis is given on individual morphological and physiological 

trait which enhances the yield. The value of each character is specified before initiating the 

breeding work. 

2. Includes yield enhancing traits 

 Various plant characters to be included in the ideotype are identified through correlations 

analysis. Only those characters which exhibit positive association with yield are included in the 

model.  

3. Exploits physiological variation  

 Genetic differences exist for various physiological characters such as photosynthetic 

efficiency, photo respiration, nutrient uptake, etc. Ideotype breeding makes use of genetically 

controlled physiological variation in increasing crop yields, besides various agronomic traits. 

4. Slow progress 

 Ideotype breeding is a slow method of cultivar development, because incorporation of 

various desirable characters from different sources into a single genotype takes long time. 

Moreover, sometimes undesirable linkage affects the progress adversely.  
 

5. Selection  

 In ideotype breeding selection is focused on individual plant character which enhance the 

yield  

 

6. Designing of model 
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 In ideotype breeding, the phenotype of new variety to be developed is specified in terms 

of morphological and physiological traits in advance.  

7. Interdisciplinary approach 

 Ideotype breeding is in true sense an interdisciplinary approach, it involves scientist from 

the disciplines of genetics, breeding, physiology, pathology, entomology etc.  

8. A continuous process 

 Ideotype breeding is a continuous process, because new ideotypes have to be developed 

to meet changing and increasing demands.  

Differences between traditional and ideotype breeding 

S. 
No.  

Traditional Breeding  Ideotype Breeding  

1. The main objective is defined before 

initiating the breeding work. 

The conceptual theoretical model is prepared 

before initiation of breeding work 

2. Selection is focused on yield and some 

other characters. 

Selection is focused on individual plant 

characters. 

3. It usually includes various morphological 

and economic characters. 

It includes various morphological, physiological 

and biochemical plant characters  

4. Value of each character is not fixed in 

advance 

Value of each trait is defined in advance. 

5. This is a simple and rapid method of 

cultivar development  

This is a difficult and slow method of cultivar 

development. 

6. The phenotypic of a new variety is not 

specified in advance 

Phenotype of new variety to be developed is 

specified in advance.  

 

Features of crop ideotypes 

 The crop ideotype consists of several morphological and physiological traits which 

contribute for enhanced yield or higher yield than currently prevalent crop cultivars. The 

morphological and physiological features of crop ideotype differ from crop to crop and 

sometimes within the crop also depending upon whether the ideotype is required for irrigated 

cultivation or rainfed cultivation. Ideal plant types or model plants have been discussed in 

several crops like wheat, rice, maize, barley, cotton and beans. The important features of 

ideotype from some crops are  

 

Wheat  
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 The term ideotype was coined by Donald in 1968 working on wheat. He proposed 

ideotype of wheat with following main features: 

1. A short strong stem.  It imparts lodging resistance and reduces the  losses due to lodging. 

2. Erect leaves. Such leaves provide better arrangement for proper light distribution 

resulting in high photosynthesis or CO2 fixation. 

3. Few small leaves. Leaves are the important sites of photosynthesis, respiration and 

transpiration. Few and small leaves reduce water loss due to transpiration. 

4. Larger ear. It will produce more grains per ear.  

5. An erect ear.  It will get light from all sides resulting in proper grain development. 

6. Presence of awns. Awns contribute towards photosynthesis. 

7. A single culm.  

RICE  

 The concept of plant type was introduced in rice breeding by Jennings in 1964, through 

the term ideotype was coined by Donald in 1968. He suggested that in rice an ideal or model 

plant type consists of  

1. Semi dwarf stature 

2. High tillering capacity and 

3. Short, erect, thick and highly angled leaves 

4. More panicles /m2, 

5. High (55% ore more) harvest index.  

Now emphasis is also given on physiological traits in the development of rice ideotype.  

MAIZE 

 IN 1975, Mock and Pearce proposed ideal plant type of maize.  

1. Stiff-vertically-oriented leaves above the ear. 

2. Maximum photosynthetic efficiency.  

3. Efficient translocation of photysynthate into grain. 

4. Short interval between pollen shed and silk emergence. 

5. Small tassel size. 

6. Photoperiod insensitivity  

7. Cold tolerance  

8. Long Grain -filling period  

BARLEY  

 Rasmusson (1987) reviewed the work on ideotype breeding and also suggested ideal 

plant type of six rowed barley.   
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1. Short stature 

2. Long awns 

3. High harvest index 

4. High biomass.  

Kernel weight and kernel number were found rewarding in increasing yield. 

COTTON 

Ideotype for irrigated cultivation  

1. Short stature (90-120 cm) 

2. Compact and sympodial plant habit making pyramidal shape 

3. Determinate in fruiting habit with unimodal distribution of bolling 

4. Short duration (150-165 days) 

5. Responsive to high fertilizer dose 

6. High degree of inter plant competitive ability 

7. High degree of resistance to insect pests and diseases, and  

8. High physiological efficiency.  

Rainfed conditions (Singh and Narayanan 1993)  

1. Earliness (150-165 days) 

2. Fewer small and thick leaves 

3. Compact and short stature, indeterminate habit 

4. Sparse hairiness,  

5. Medium to big boll size 

6. Synchronous bolling 

7. High response to nutrients 

8. Resistance to insects and diseases.   

FACTORS AFFECTING IDEOTYPES 

 There are several factors which affect development of ideal plant type. These are briefly 

discussed below: 

1. Crop Species 

 Ideotype differs from crop to crop. The ideotype of monocots significantly differs from 

those of dicots. In monocots, tillering is more important whereas in dicots branching is one of the 

important features of ideotype.  

 

2. Cultivation 
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 The ideotype also differs with regard to crop cultivation. The features of irrigated crops 

differ from that of rainfed crop. The rainfed crop needs drought resistance, fewer and smaller 

leaves to reduce water loss through transpiration. In dicots, indeterminate types are required for 

rainfed conditions, because indeterminate type can produce another flush of flowers if the first 

flush in affected by drought conditions.  

3. Socio-economic Condition of Farmers 

 Socio-economic condition of farmers also determines crop ideotype. For example, dwarf 

Sorghum is ideal for mechanical harvesting in USA, but it is not suitable for the farmers of 

Africa where the stalks are used for fuel or hut constructions.  

4. Economic Use 

The ideotype also differ according to the economic use of the crop, for example, dwarf 

types are useful in Sorghum and pearl millet when the crop is grown for grain purpose. But when 

these crops are grown for fodder purpose, tall stature is desirable one. Moreover, less leafy types 

are desirable for grain purpose and more leafy genotypes for fodder purpose. The larger leaves 

are also desirable in case of fodder crop. 

STEPS IN IDEOTYPE BREEDING 

 Ideotype breeding consists of four important steps,  

1. Development of Conceptual Model 

 The values of various morphological and physiological traits are specified to develop a 

conceptual theoretical model. For example, values for plant height, maturity duration, leaf size, 

leaf number, angle of leaf, photosynthetic rate etc., are specified. Then efforts are made to 

achieve this model. 

2. Selection of Base Material 

 Selection of base material is an important step after development of conceptual model of 

ideotype. Genotypes to be used in devising a model plant type should have broad genetic base 

and wider adaptability. Genotypes for plant stature, maturity duration, leaf size and angle and 

resistance are selected from the global gene pool of the concerned crop species. Genotypes 

resistant or tolerant to drought, soil salinity, alkalinity, diseases and insects are selected from the 

gene pool with the cooperation of physiologist, soil scientist, pathologist and entomologist.  

 

3. Incorporation of Desirable Traits  

 The next important step in combining of various morphological and physiological traits 

from different selected genotypes into single genotype . Various breeding procedures, viz single 

cross, three way cross, multiple cross, backcross, composite crossing, intermating, mutation 
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breeding, heterosis breeding etc., are used for the development of ideal plant types in majority of 

field crops. 

4. Selection of Ideal Plant Type 

 Plants combining desirable morphological and physiological traits are selected in 

segregating populations and intermated to achieve the desired plant type. Morphological features 

are judged through visual observations and physiological parameters are recorded with the help 

of sophisticated instruments. Screening for resistance to drought, soil salinity, alkalinity, disease 

and insects is done under controlled conditions.  

PRACTICAL ACHIEVEMENTS 

 Ideotype breeding has significantly contributed to enhanced yields in cereals (wheat and 

rice) and millets (Sorghum and pearl millet) through the use of dwarfing genes, resulting in green 

revolution. Semidwarf varieties of wheat and rice are highly responsive to water use and nitrogen 

application and have wide adaptation. The Norin 10 in wheat and Dee-geo-Woo-gen in rice are 

the sources of dwarfing genes. The genic cytoplasmic male sterile systems in Sorghum and pearl 

millet laid the foundation of green revolution in Asia (Swaminathan, 1972). Thus ideotype 

breeding has been more successful for yield improvement in cereals and millets than in other 

crops.  

 

Lecture No: 27, 28 & 29 
 

BREEDING FOR BIOTIC STRESS RESISTANCE 
DISEASE RESISTANCE  

 

Stress: Constraining influence, force, pressure or adverse conditions for crop growth caused by 

biological or environmental factors.  

Biotic (living) : Adverse effects due to pests and diseases abiotic stresses  

Abiotic (non living) : Adverse effects on host due to environmental factors  

eg: Drought, water logging, heat, cold, salinity, alkalinity and air pollution etc.  
 

Host : Plant effected by a disease or which can accommodate pathogen.  

Pathogen : An organism that produces the disease 

Disease : an abnormal conditions in the plant caused by an organism (pathogen) 

Pathogenicity : The ability of a pathogen to infect a host strain 

Virulence : Capacity of a pathogen to incite a disease 

Avirulence  :  The inability of a pathogen to cause or incite a disease 

Physiological race  : Strains of a single pathogen species with identical or similar morphology 

but differ in pathogenic capabilities. 
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Pathotype : Strains of a pathogen classified on the basis of their virulence to known resistance 

genes present in the host. 

Epidemic : Severe and sudden out break of disease beginning from a low level of infection. 
Variability in fungal pathogens:  

a) Hybridization: Recombination of genes of the two parental nuclei takes place in the 

zygote, and the haploid nuclei or gametes resulting after meiosis are different both from 

gametes that produced the zygote and from each other. 

Thus every diploid pathogen individual is genetically different from any other pathogen 

even within the same species and variability of the new individual pathogens is continued 

indefinitely. 

e.g., Phytophthora infestans.  

b)  Heterokaryosis: Condition in which fungal hyphae that are genetically different come 

together in the same cell to form heterokaryons. 

c) Parasexualism : Parasexuality – re-assortment of genetic material both in haploid and 

diploid condition, ready for natural and artificial selection. 

Mixtures of races grown together on a susceptible host combine genetically to produce 

new races e.g. phytophthora infestans 

d) Mutation: The rate at which new variants of a pathogen are produced will depend on the 

mutation rate of the genes at a particular locus. The mutation rate varies from gene to 

gene and from pathogen to pathogen. 

e.g. Melampsora lini – new race produced with UV rays (Flor 1956)  

e) Cytoplasmic adaptation: There are several examples of cytoplasmic inheritance of 

important characteristics such as growth rate and virulence (Jinks 1966). 

Virulence of P.graminis f. sp. Avenae, carrying gene E, is maternally inherited and may 

be controlled by single plasma gene (Johnson et al 1967) 

MECHANISMS OF DISEASE RESISTANCE: 
 There are different ways of disease resistance viz., disease escape, disease endurance or 
tolerance disease resistance and immunity 

1. Disease escape  : The ability of susceptible host plants to avoid attack of disease due to 

environmental conditions factors, early varieties, charge in the date of plating, change in 

the site of planting; balanced application of NPK etc. 

Eg. Early varietie s of groundnut and potato may escape ‘Tikka’ and ‘Late blight’ diseases 

respectively since they mature before the disease epidemic occurs. 

Changing planting season in sugarcane from June to October has     successfully escaped 

leaf-rust. 
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Virus free seed potato is produced by sowing the crop in October in Jullundher and other 

places instead of November, the normal planting time. 

2. Disease endurance or tolerance : The ability of the plants to tolerate the invasion of the 

pathogen without showing much damage.  This endurance is brought about by the 

influence of external characters.  Generally, tolerance is difficult to measure since it is 

confounded with partial resistance and disease escape.  To estimate tolerance the loss in 

yield and some other trait of several host varieties having the same amount of disease eg., 

leaf area covered by disease etc., is compared.  

Eg. In Barley the variety Proctor shows 13% yield loss as compared to 20% loss in the 

varieties Zephy and Sultan. 

• Wheat varieties when fertilized with potash and phosphorus are more tolerant to 

the rust and mildew infection. 

• The Rice crop fertilized with silicate is resistant to blast infection in Japan. 
3. Disease Resistance :  The ability of plants to withstand, oppose or overcome the attack of 

pathogens.  Resistance is a relative term and it generally refers to any retardation in the 

development of the attacking pathogen. In case of resistance, disease symptoms to 

develop and the rate of reproduction is never zero i.e., r? o but it is sufficiently lower than 

1 (the rate of reproduction on the susceptible variety) to be useful.  The inhibition of 

growth of the pathogen is believed to be nutrional in nature and in some cases chemical 

growth inhibitors may be involved. 

Resistance is largely controlled by inherited characters i) may be controlled by single 

dominant gene in Ottawa 770 B, Newland flax variety, wheat all rusts NP 809 

4. Immunity: When the host does not show the symptoms of disease it is known as immune 

reaction.  Immunity may result from prevention of the pathogen to reach the appropriate 

parts of the host e.g. exclusion of spores of ovary infecting fungi by closed flowering 

habit of wheat and barley.  It is more generally produced by hypersensitive reaction of the 

host usually immediately after the infection was occurred.  In immune reaction the rate of 

reproduction in zero i.e. r = 0 

5. Hypersensitivity:  Immediately after the infection several host cells surrounding the 

point of infection are so sensitive that they will die.  This leads to the death of the 

pathogen because the rust mycelium cannot grow through the dead cells.  This super 

sensitivity (hypersensitivity) behaves as a resistant response for all practical purposes.  

Phytoalexins are specific polyphenolic or terpenoid chemicals and are produced by the 

host in response to the infection by a pathogen.  More than 30 different phytoalexins have 
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been identified.  Phytoalexins are either fungicidal or fungistatic. Eg. Rust fungi and virus 

attack.  

Factors for disease resistance (Causes of Disease resistance) 

 The disease resistance may be caused due to  

1. Morphological, structural and functional characteristics which prevents the entrance of 

the pathogen i.e. prevents the first stage of infection. 

2. Biochemical or anatomical properties of tissue which prevent the establishment of 

parasitic relationship. 

a. Morphological characters  
Certain morphological features of the host may prevent infection. 

Eg. Resistance to Jassid attack in cotton has been shown to be correlated with the hariness of 

varieties : hairy type resists the attack more, than glabrous types. 

Failure to germinate rust spores on the leaves of the barley due to waxy coating. 

Young sugarbeet leaves practically immune to attack of the circos pora because the 

stomata size is very small. 

b. Physiological characters  

Protoplasmic factors or chemical interactions : 

 By virtues of its chemical composition the protoplasm may exert an inhibitory influence 

on the pathogen bringing about the desired resistance in the plant. 

Eg. : Resistance of grape to powdery mildew is highly correlated with the acidity of  cell sap.  
Presence of toxic substance in the red pigment in the coloured onions.  The outer scales resist 
the smudge fungus attack when the scales are removed they become susceptible. 

c. Anatomical: More secondary thickening of the cell walls of resistant potato 

varieties which resists the mechanical puncture of the invading Pythium pathogen.  

d. Nutritional factors : Reduction in growth and in spore production is generally 

supposed to be due to unfavourable physiological conditions within the host.  Most 

likely a resistant host does not fulfill the nutritional requirements of the pathogen and 

thereby limits its growth and reproduction. 

e. Environmental factors : In addition to the above the environmental factors 

have marked effect on the pathogen attack.  Temperature, moisture, humidity and soil 

PH and fertility status of the soil effects the pathogen reaction greatly.  

Genetic basis of disease resistance 



 131 

The first study on genetics of disease resistance was done by Biffen in 1905.  He reported 

the inheritance of resistance to leaf rust of wheat variety Rivet in crosses with some susceptible 

varieties.  In F2 there were 3 susceptible : 1 resistant plants indicating that resistance was 

controlled by a single recessive gene.  Most of the earlier studies were conducted without taking 

into consideration the physiological specialization (pathotype differentiation) of the pathogen 

which can materially influence the conclusions drawn.  It is now recognized that disease 

resistance may be inherited in three different ways : 

 Oligogenic 

Polygenic and  

Cytoplasmic inheritance 

Oligogenic inheritance:  

 The disease resistance is governed by one or few major genes and resistance is generally 

dominant to the  susceptible reaction.  The action of major resistance genes may be altered by 

modifying genes in many cases. Eg. bunt resistance  in Wheat. Oligogenes generally produce 

immune reaction.  The chief characteristic of the oligogenic disease resistance is pathotype-

specificity, i.e. resistant gene is effective against some pathogens, while it is ineffective against 

the others.  In most cases, there are a number of major genes that determines resistance to a 

particular disease  Eg. more than 20 different resistance genes are known for leaf rust of wheat, 

while those for stem rust resistance exceed 30.  The genetics of oligoganic resistance has 

advanced by two events viz., 

1. Discovery of a resistance gene to the prevalent pathotype and 

2. Evolution of a pathotype virulent to the new resistance gene. 

Oligogenic resistance is synonymous to vertical resistance. 

 

Gene for gene hypothesis:  

The concept of gene for hypothesis was first developed by Flor in 1956 based on his studies of 

host pathogen interaction in flax rust caused by Malampsora lini. The gene for gene hypothesis 

states that for each gene controlling resistance in the host, there is a corresponding gene 

controlling pathogenicity in the pathogen. The resistance of host is governed by dominant genes 

and virulence of pathogen by recessive genes. The genotype of host and pathogen determine the 

disease reaction. When genes in host and pathogen match for all the loci, then only the host will 

show susceptible reaction. If some gene loci remain unmatched, the host will show resistant 
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reaction. Now gene-for -gene relationship has been reported in several other crops like potato, 

Sorghum, wheat etc. The gene for gene hypothesis is known as “Flor Hypothesis”.  

A simple scheme to explain gene for gene relationship hypothesis (Fehr, 1987)  

Varieties Host genotype Pathogen genotypes Disease Reaction  
1. One gene pair AA aa Susceptible 

 Aa   
 BB bb Susceptible 
 Bb   

2. Two gene pair  AA CC aa Resistant 
 Aa CC cc Resistant 
 Aa Cc aacc Susceptible 

3. Three gene pair AA BB CC aa bb Resistant 
 AA BB CC aa cc Resistant 
 Aa Bb Cc aabbcc susceptible  

 

Note: Dominant genes in the host are responsible for resistance and recessive genes in the 

pathogen for virulence.  

Vertifolia Effect : Vander plank introduced the term vertifolia effect and refers to epidemic 

development in a variety carrying vertical resistance genes (oligogenes) leading to heavy 

economic losses.  Total failure of vertical resistance leading to a disease epidemic is known as 

vertioalia effect.  This failure occurs because of two reasons : 

1. The level of horizontal resistance in varieties carrying oligogenes is usually low and 

2. The pathogen is able to evolve new virulent pathotypes. 

Polygenic inheritance  

 In this type the disease resistance is governed by many genes with small effects and a 

continuous variation for disease reaction is produced.  The genes show additive and non additive 

effects and the environmental effect is also observed.  The polygenic resistance does not show 

pathotype-specificity  as against the oligogenic resistance.  It is almost same as horizontal 

resistance.  In some cases the polygenic inheritance may have a oligogenic component, the 

oligogenes acting in an additive manner eg. bacterial blight resistance in cotton 

Cytoplasmic inheritance : 

 Resistance in some cases is determined by cytoplasmic genes or plasma gene(s). 

 Eg. The T-male sterilizy cytoplasm (cms-T) in maize is extreamly susceptible  

to Helminthosporium  leafblight, while the non-T cytoblasms are resistant to this 

disease. 

Vertical and Horizontal Resistance (Vander plank) 

Feature Vertical resistance Horizontal resistance 
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1. Pathotype – specificity  Specific Non specific 
2. Nature of gene action Oligogenic Polygenic; rarely oligogenic  
3. Response to pathogen Usually, hypersensitive Resistant response 
4. Phenotypic expression Qualitative Quantitative 
5. Stage of expression Seedling to maturity Expression increases as plant matures 
6. Selection and evaluation Relatively easy Difficult 
7. Host pathogen interaction  Present  Absent 
8. Commonly used, synonyms Major: gene, race -specific 

seedling, monogenic, 
pathotype specific resistance 

Polygenic, race nonspecific, 
pathotype-nonspecific, mature plant, 
adult plant, field uniform resistance 

9. Efficiency  Highly efficient against 
specific races 

Variable, but operates against all 
races 

 

Sources of Disease Resistance  

Resistance to diseases may be obtained from four different sources : 

1.  A known variety 

2.  Germplasm collection 

3.  Related species 

4.  Through mutations 

1. A known variety: Disease reactions of most of the cultivated varieties are documented 

and a breeder may find the resistance he needs in a cultivated variety.  Resistant plants 

were also lated from commercial varieties as in the case of cabbage yellows in cabbage 

curlytop resistance etc. These provide the basis for new resistance varieties. 

2. Germplasm collection : When resistance to a new disease or a new pathotype of a 

disease is not known in a cultivated variety germplasm collection should be screened.  

Several instances disease resistance were found from the germplasm collections. 

Eg. resistance to neckblotch in barley resistance to wilt in watermelon 

3. Related species : Often the resistance to a disease may be found in related species and 

transferred through interspecific hybridization. 

Eg. Resistance to stem, leaf & stripe rusts of wheat 

4. Mutation : Resistance to diseases may be obtained through mutation arising 

spontaneously or induced through mutagenic treatments. 

Eg.  

1. Resistance to Victoria blight in oats was induced by irradiation with x-rays or 

thermal neutrons / also produced spontaneously 

2. Resistance to stripe rust in wheat 

3. Resistance to brown rust in oats 

4. Resistance to mildew in barley 
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5. Resistance to rust in linseed 

6. Resistance to tikka leaf spot and stem root in groundnut 

 

Vertical and Horizontal Resistance (Van der plank) 

 Vertical Resistance is generally d etermined by major genes and is characterized by 

pathotype specificity. Clearly immune or susceptible response in the case of vertical resistance 

depends on the presence of virulent pathotype.  When virulent pathotype becomes frequent, 

epidemics are common in the cases of vertical resistance.  Thus an avirulent pathotype will 

produce an immune response i.e. r=0 or close to 0 but the virulent pathotype will lead to 

susceptible reaction i.e. r=1.  It is also known as race specific, pathotype specific or simply 

specific resistance. 

 

Horizontal Resistance  

 Race non-specific, pathotype -nonspecific and partial, general or field resistance.  

Horizontal resistance is generally controlled by polygenes i.e. many genes with small effects and 

it is pathotype nonspecific.  In this case, the reproduction rate is not zero but it is less than one.  

Poly genes, govern horizontal resistance. 

 

Methods of Breeding for Disease Resistance  

 The methods of breeding for disease resistance are essentially same as those used for 

other agronomic traits.  They are : 

1. Introduction 

2. Selection 

3. Hybridization 

4. Budding & Grafting 

5. Mutation Breeding 

6. Biotechnological methods. 

 

 

1. Introduction :  Resistant varieties may be introduced for cultivation in a new area. 

Eg.  

• Early varieties of groundnut introduced from USA have been resistant to leaf spot 

(Tikka) 
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• Kalyanasona and Sonalika wheat varieties originated from segregating material 

introduced from CIMMYT, Mexico, were rust resistant. 

• African bajra introductions have been used in developing downy mildew resistant 

cms lines. 

2. Selection :  Selection of resistant plants from commercial varieties is easiest method. 

Eg.  
• Kufri Red potato is selection from Darjeeling Red round 

• Pusa Sawani behind (yellow mosaic) selection from a collection obtained from 

Bihar 

• MCU I was selection from CO4 for black arm resistance in cotton 

3. Hybridization : Transfering disease resistance from one variety or species to the other. 

a. Pedigree method is quite suitable for horizontal resistance.  Artificial disease 

epiphytolics are produced to help in selection for disease resistance. 

Eg. In wheat Kalyana Sona, Sonalaka, Malvika 12 

Malvika 37, Malavika 206, Malavika 234 

Laxmi in Cotton (Gadag 1 x CO2) for leaf blight resistance 

b. Backcross method is used to transfer resistance genes from an undersirable 

agronomic variety to a susceptible, widely adoptable and is agronomically highly 

desirable variety.   

If the resistant parent is a wholly unadapted variety, backcross method is  a logical 

choice. 

If resistant variety also possess some good qualities then chose pedigree method of 

handling segregating material.  

4. Budding & Grafting :  The disease resistance in vegetatively propogated material is 

transferred by adopting either by budding or grafting. By grafting or budding the resistant 

material, the resistance can be transferred. 

5. Mutation Breeding : When adequate resistance is not available in the germplasm ; 

Mutation breeding is resorted to induce resistance.  This is also us ed to break the linkages 

between desirable resistant genes and other desirable genes. 

Precautions   

1. The donor parent must possess the required amount of resistance  

2. It must be simply inherited without any linkage 

3. The recovery in the recipient parent should be more 

4. Proper condition for full expression of the resistant genes has to be provided 
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Advantages with breeding for disease resistance 

1. Helps in reducing the losses caused by patogens  

2. Reduces the high cost of disease control by chemical treatment 

3. Helps to avoid the use of poisonous fungicides 

4. Only method available to some specific diseases like viruses, wilt etc. 

Limitations 

1. Linkage of resistant genes with genes of inferior quality 

2. Occurrence of physiological races of varying capacities 

3. Self sterility in host plants 

Utilization and achievements 

1. Rice ADT 10 x Co4 (resistant to blast) 

2. Potato  Solanum tuberosum  x   Solanum demissum 

     (susceptible to late blight)      (wild resistant to late blight) 

              F1 backcrossed with Sol. tuberosum 

                  Resistant variety 

Varieties resistant to different diseases 

Rice : Blast    Co25, Co26,  

Wheat : all three rusts   : NP 809 

 Yellow rust   : NP 785, NM86 

 Black rust   : NP 789 

 Brown rust   : NP 783, NP 784 

Sugarcane : Red rot   Co 419, Co 421, Co 527 

Cotton : Wilt    Vijay, Kalyan, Suyog 

Groundnut : Tikka leafspot   Ah 45 

Chilli : Mosaic resistant   Pusa red, Pusa orange  

INSECT RESISTANCE  
 

Global average loss due to insect pests is 14%. Estimated losses in individual crops vary 

from 5% in wheat to 26.7% in rice and still more in crops like cotton & sugarcane. 

Insect Resistance : 

1. The ability of a plant to withstand, oppose or overcome the attack of an insect in known 

as insect resistance. 

2. It is the property of a variety or a host crop due to which it is attacked by an insect pest to 

a significantly lower degree than are other varieties of the same host. 

Contd/- 27,28&29 
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Biotypes : Strains of a species of an insect pest, differing in their ability to attack different 

varieties of the same host species (syn: Physiological races) 

Host Habitation :  

1. Polyphagy   3. Seasonal Oligophagy 

2. Oligophagy   4. Monophagy 

1. Polyphagy : Insects feed on a vide range of hosts avoiding few plant species. Eg. Scales 

& moths. 

2. Oligophagy : Live on one taxonomic unit only. Eg. Hessianfly on wheat 

3. Seasonal oligophagy : Insects may live on many species in one part of the year and on 

few in another part of the year. Eg : Aphids. 

4. Monophagy : Avoid all hosts except one particular species or variety Eg. Boll weevil on 

cotton. 

Mechanism of Insect Resistance : 

 Insect resistance is grouped into four categories : 

1. Non preference   2. Antibiosis 

3. Tolerance    4. Avoidance 

1. Non preference  : Host Varieties exhibiting this type of resistance are unattractive or 

unsuitable for colonization, oviposition  or both by an insect pest.  This type of resistance 

in also termed as non-acceptance and  

anti-xenosis. Non preference involves various morphological and biochemical features of 

host plants such as – color, hairness, leaf angle, taste etc. 

2. Antibiosis : Antibiosis refers to an adverse effect of feeding on a resistant host plant on 

the development and/or reproduction of the insect pest. In severe cases, it may even lead 

to the death of the insect pest. Antibiosis may involve morphological, physiological or 

biochemical features of the host plant; some cases of insect resistance invol   ve a 

combination of features. Eg. Resistance to BPT is due to antibiosis & non preference 

3. Tolerance  :  An insect tolerant variety is attacked by the insect pest to the same degree as 

a susceptible variety.  But at the same level of infestation, a tolerant variety produces a 

higher yield than a susceptible variety. Ability of the host plant to withstand the insect 

population to a certain extent which might have damaged a more susceptible host. 

Tolerance is mainly a host character and it may be because of greater recovery from pest 

damage. Eg. Rice varieties tolerant to stem borer/gall midge produce  additional tillers to 

compensate yield losses (as in stem borer in sorghum) or due to the ability of host to 

suffer less damage by the pest eg. aphid tolerance in Sugarbeet & Brassica sps. And 
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green bugs tolerance in cereals.  Inheritance of tolerance is complex in many cases and is 

supposed to be governed by polygenes. 

4. Avoidance  : Pest avoidance is the same as disease escape , and as such it is not a case of 

true resistance  Mostly insect avoidance result from the host plants being at a much less 

susceptible developmental stage when the pest population is at its peak.  

Eg. 1. Early maturing cotton varieties escape pinkboll worm infestation, which  
occurs late in the season. 

Nature of Insect Resistance  / Factors for insect -resistance  

Insect resistance may involve : 

1. Morphological 

2. Physiological (or) 

3. Biochemical features of the host plant 

1. Morphological features : Morphological factors like, hairiness, colour, thickness and 

toughness of tissues etc. are known to confer insect resistance. 

a) Hairiness  of leaves is associated with resistance to many insect pests leaf beetle in 

cereals, in cotton to Jassids , in turnip to turnip aphid. 

 

 

 

b) Colour of plant : Color may contribute to non preference in some cases. 

For example : Red cabbage, Red  leaved brussel’s sprouts are less favored than green 

varieties by butterflies and certain Lepidoptera for oviposit ion. Boll worms prefer green 

cotton plants to red ones. 

c) Thickness and Toughness of plant – Tissues prevent  mechanical obstruction to feeding 

and oviposition and thereby lead to non-preference as well as antibiosis. 

Eg.  

  1. Thick leaf lamina in cotton contributes to Jassid resistance 

2. Solid stem in wheat confers resistance to wheat stem sawfly 

3. Thick and tough rind of cotton bolls makes it difficult for the boll worm  

    larve to bore holes and enter the bolls. 

Other characters : also contribute to insect resistance. 

Eg.  1.  Gossypium arboretum varieties with narrow lobed and leathery leaves are more 

resistant to Jassids than are those with broad lobed and succulent leaves. 

2.  Cotton varieties with longer pedicels are more resistant to boll worms. 
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2. Physiological Factors : Osmotic concentration of cell sap, various exudates etc; may be 

associated with insect resistance. 

Eg.  

1)  Leaf hairs of some solanum sps. secrete gummy exudates.  Aphids and 

coloradobeetles get trapped in these exudates. 

2)  Exudates from secondary trichomes of Medicago disciformis leaves have antibiotic 

effects on alfalfa weevil. 

3)  Cotton- High osmotic concentration of cell sap is associated with Jassid resistance. 

3. Biochemical Factors : Several biochemical factors are associated with insect resistance in 

many crops.  It is believed that biochemical factors are more important than 

morphological and physiological factors in conferring non-preference and antibiosis. 

Eg.  

1)  High concentrations of gossypol is associated with resistance in several insect pests 

in cotton. 

2)  In rice –  high silica content in shoots gives resistance to shoot borer 

Genetics of Insect Resistance 

 Insect resistance is governed by - 

1.  Oligogenes   2. Polygenes  3. Cytoplasmic genes 

1. Oligogenic Resistance  : Insect resistance is governed by one or few major genes or 

oligogenes, each gene having a large and identifiable individual effect on resistance.  

Oligogenic resistance may be conditioned by the dominant or the recessive allele of the 

concerned gene.  The differences between resistant and susceptible plants are generally 

large and clear-cut.  In several cases, resistance is governed by a single gene (monogenic 

resistance) 

Eg.  In wheat to green bugs  In cotton to Jassids  

 In apple to woolly aphis   In rice to plant & leaf hopper 

2. Polygenic Resistance  : It is governed by several genes, each gene producing a small and 

usually cumulative effect.  Such cases of resistance. 

1) Involve more than one feature of the host plant 

2) Are much more durable than the cases of oligogenic resistance. 

3) Difference between resistance & susceptible plants are not clear cut 

4) Transfer of resistance is much more difficult 

Examples for polygenic resistance 

1)  In wheat to cereal leaf beetle  
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2)  In alfalfa to spotted aphid 

3)  In rice to stem borer 

4)  In maize to ear worm and leaf aphid 

Evolution of resistance breaking biotypes is almost rare. 

3. Cytoplasmic Resistance : governed by plasmagenes 

Eg. 1. Resistance to European corn borer in maize 

      2. Resistance to root aphid in lettuce 

Sources of Insect Resistance 

1. A cultivated variety    3. A related wild species 

2. Germplasm collections.    4. An unrelated organisms 

1. Cultivated variety : Resistance to many insect pests may be found among the cultivated 

varieties of the concerned crop.  

Varieties SRT 1, Khand waz ; DNJ 286 and B 1007 of G. hirsuturn  are good sources of 

resistance to Jassids. 

 

2. Germplasm collection : 

Eg.  
1) In apples for rosy apple aphid, green apple, apple maker and apple saw-fly. 
2) In cotton, several strains resistant to Jassids. 

3. Related wild species : 
Eg.  

1) Resistance to both the species of potato nematodes has been transferred fro 

Solanum vernei to potato 

2) Jassid resistances is known in wild relatives of cotton G. tomentosum; 

G.anomalum and G.armourianum 

4. An unrelated organism : It is done through recombinant DNA technology 

a) The ‘Cry’ gene of Bacillus thuringiensis is the most successful example.    
    Other  genes of importance are the  
b)  Protease inhibitor encoding genes found in many plants eg. the cowpea pea, trypsin 

inhibitor (cp TI) gene. 
 

B reeding Methods for Insect Resistance 

1. Introduction   2. Selection 
3. Hybridization   4. Genetic Engineering 

1. Introduction :  
Eg. Phylloxera vertifoliae resistance grape root-stocks from U.S.A. into france. 

2. Selection :  
Eg. 

1) Resistance to potato leaf hopper 
2) Resistance to spotted alfalfa aphid 
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3. Hybridization : Pedigree  oligogenic characters 
Back cross  Polygenic characters    

4. Genetic Engineering : B.theningiensis (cry gene) resistance in maize, soybean, cotton etc. 
Screening Techniques for determining resistance  

The most crucial and, perhaps , the most difficult task in breeding for insect resistance is the 

identification of insect resistant plant during segregation generations. There are two types of 

screeings 

1. Field Screening  2. Glass house screening 

Field Screening : 

 The techniques designed to promote uniform infestation by an insect pest in the field are 

1. Inter planting a row of known susceptible variety between two rows of testing material. 

2. Screening in highly prone areas 

3. in case Soil insect pests to be tested in sick plots only 

4. Testing in a particular season  when the infestation is very high.  

Eg. Rice stem borer in off season.  

5. Transferring manually equal number of eggs or larvae to each test plant. 

Glass house screening 

Result from glass house tests are much more reliable than those from field tests since 

both the environment and the initial level of infestations are more or less uniform for all the 

plants being tested.  

Problems in Breeding for Insect Resistance : 

1. Breeding for resistance to are insect pest may leads to the susceptibility to another pest. 

Eg. Glabrous strains of cotton are resistant to bollworms but susceptible to Jassids. 

2. Reduction is quality or make unfit for consumption. 

3. Linkage between desirable & undesirable genes.  Inter specific varieties are generally low 

yielding and their produce is often of inferior quality. 

4. Screening for resistance is the most critical and difficult step is a breeding programme it 

necessitates a close co-ordination among scientists belonging to different disciplines. 

5. It is a long term programme 

Achievements 

INDIA 

1. India –  cotton varieties –  G 27, MCU 7, LRK 516 – resistant to boll worms. 

2. Rice – variety vijaya – resistant to leaf hopper 

Rice – TKM 6, Ratna – Stemborer 
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Rice –Vajram, chaitanya, Pratibha – BPH 

Lec No: 30 & 31  
BREEDING FOR ABIOTIC STRESS RESISTANCE  

DROUGHT RESISTANCE 
Drought: Scarcity of moisture (soil moisture) which restricts the expression of full genetic yield 

potential of a plant. 

Drought resistance: The ability of crop plants to grow, develop and reproduce normally under 

moisture stress. 

Mechanisms of drought resistance  

 There are 4 mechanisms of drought resistance. 

1. Drought Escapes : It is due to ability of a genotype to mature early, before occurrence of 

drought.  Drought escape is most common is plants grown is desert region. 

Eg. Early maturing varieties of sorghum, maize, bajra, wheat, rice etc; give more yield 

than late maturing under drought. 

2. Drought Avoidance  (Dehydration avoidance) : It is due to the ability of plants to 

maintain favourable water balance even under stress.  The plants which avoid drought 

retain high moisture content is their tissues and lose less water.  This is possible either 

because of :  

i) Increased water uptake (due to increase in root development) plants are called 

water spenders.(or) 

ii) Reduced water loss (due to reduction in growth of aerial parts are called water 

savers (i.e. to avoid transpiration) 

Dehydration avoidance is interpreted as the ability of genotypes to maintain high leaf 

water potential when grown under soil moisture stress: 

Several traits contribute to dehydration avoidance Such as :  

Leaf rolling, folding and reflectance narrow leaves, increased pubescence on aerial 

organs , presence of awns, osmatic adjustment of stomata, cuticular wax, increased water 

uptake ;  

Reduced Transpiration : Inc rease is concentration of Abscisic Acid (ABA), closure of 

stomata, ABA plays  role in reduction of leaf expansion, Promotion of root growth etc. 

3. Drought Tolerance (Dehydration tolerance) : Ability of plants to produce higher yield 

even under ‘low water potential’. In cereals drought tolerance generally occur during 

reproductive phase.  Tolerant cultivars exhibit better germination, seedling growth and 

photosynthesis. Drought tolerance may be because of  
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i. high proline accumulation 

ii. maintenance of membrane integrity 

4. Drought Resistance  : It is the sum total of avoidance and Tolerance.  It refers to the 

genetic ability of plants to give good yield under moisture stress conditions. 

Various morphological, physiological and biochemical features / parameters associated 

with drought resistance  

a. Morphological 

1. Earliness 

2. Reduced tillering 

3. Leaf characters : Leaf rolling , Leaf folding, Leaf shedding, Leaf reflectance 

4. Reduced leaf area : Narrow leaf, Change in leaf angle  

5. Hairiness (presence of hairs on leaf and other parts, lowers leaf temperature and 

reduce transpiration) 

6. Colour of leaves 

7. Wax content 

8. Awns (eg. wheat and barley) 

9. Root system (rooting depth and intensity)  

b. Physiological 

1. Photosynthesis (efficient system like C4) under stress, photosynthetic efficiency is 

reduced due to chloroplast damage. 

2. Reduced Transpiration and reduced respiration losses 

3. Stomatal behavior (closure of stomata, also change in size and number of 

stomata) 

4. Osmotic adjustment 

5. Leaf enlargement (increase in thickness) 

6. Leaf cuticle wax (increases) 

c. Biochemical 

1. Accumulation of proline  and betaine 

2. Increase in Abscisic acid (barley) and Ethylene (maize & wheat) 

3. Protein synthesis (increases under stress) 

4. Nitrate – reductase activity 

Sources of drought resistance  

1.  Cultivated varieties  

2.  Land (old or desi primitive varieties)  
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3.  Wild relatives (reported in several crops) 
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For example :  

S.No. Crop Wild sps Resistant to 

i Wheat  Aegilops. variabilis drought 

  Aegilops speltoides " 

  Aegilops umbellulata  " 

  Aegilops squarrosa " 

ii Sugarcane  Sacharum. spontaneam Drought & salinity 

4. Transgenes : 

 Eg. ‘Rab’ (Responsive to abscisic acid) in rice 

Screening / Evaluation 

1. Field Env. Highly desirable  

2. Green house Env. More precisely controlled than field 

B reeding Methods and Approaches 

 It is important that drought resistance be incorporate in material with high genetic 

potential for yield. 

1. Yield and yield components are best evaluated under non stress / optimal environments, 

while 

2. Drought resistance must be evaluated under water stress. 

B reeding methods :  Methods are same as for yield and other economic characters.  Breeding 

for drought resistance refers to breeding for yield under moisture stress, i.e. developing varieties 

which can give high yields under stress. The common methods are 

1. Introduction 

2. Selection 

3. Hybridization 

4. Mutation 

5. Biotechnology 

Limitations : 

1. Generally resistant varieties have low yield  

2. Do not have much wider adaptability (as abiotic resistant is location specific) 

3. Drought resistant genes may have linkage with undesirable genes. 

4. Transfer of resistant genes from wild types may post problem. 

5. Drought resistance is a consequence of a combination of characters and single character 

can be used for selection. 
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6. Measurement of many drought resistant traits is difficult and problematic, since virtually 

all the useful drought resistant traits are under polygenic control. (So pedigree method 

most common). But if   resistant genes is from agronomically inferior race then 1-2 

backcrossing with cultivated type in made.  If resistance gene is from wild species-go for 

backcrossing breeding. 

Generally selection is performed on individual plant progenies instead of individual 

plants (i.e. similar to line breeding) 

7. Creation of controlled moisture stress Environments 

8. Selection require considerable resources 
 

 

 

WATER LOGGING 

 As per Levitt (1980 b) flooding (i.e. water logging) is the presence of water in soil excess 

of field capacity. It leads to deficiency of O2 and build up of Co2, Ethylene and other toxic gases 

and this leads to reduction in aerobic respira tion.  

Effects of water logging: 

1. Once soil becomes water logged, air space in soil is displaced with water, the O2 in the 

soil in dissolved in water. i.e. O2 decreases; Co2  ethylene and other toxic gases increases. 

2. O2 replacement in the soil is very inefficient. Diffusion of atmospheric O2 into the water 

logged soils is very inefficient (because of the slow diffusion of atmospheric O2 to water 

logged soil). 

3. Root systems are suddenly plunged into an anaerobic condition.  This switching from 

aerobic to anaerobic respiration disrupts root metabolism. 

4. Carbohydrates level get depleted it is due to  

a. Dissipation of metabolism 

b. High water temperature 

c. Low light 

Characteristics of plants in response to water logging stress : 

1. Reduced growth / elongation. 

2. Chlorosis, senescence and abscission of lower leaves 

3. Wilting & leaf curling 

4. Hypertrophy (increase in size of organ due to increase in cell size) 

5. Epinasty (downward growth of petioles) 
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Mechanisms of tolerance: 
1. Adventitious root formation on lower part of stem (close to surface so that O2 tension is 

quickly restored after transient water logging) eg. Tomato 

2. Lenticel (i.e. raised pores in the stem of plants) formation 

3. Aerenchyma formation (soft plant tissue continues air spaces found in acquatic plants)  in 

the cortex that provide canal paralled to the axis of the root through which gases can 

diffuse longitudinally (eg. rice) 

4. Elongation capacity (In rice – best elongation response give 100% recovery from 

submergence and poorest elongation gives upto 49% recovery) 

Scoring for elongation can be done between booting and flowering stage after flooding 

the crop to varying depths. 

In sugarcane, S. spontaneum has more tolerance to flooding.  Some canes gave upto 70% 

of their production potential when in continuous flood for 5 months (in an east at canal 

point Florida, USA) 

Ideotype for flooded areas : The postulated ideotype for flooded areas should have the 

following characterstics. 

1. Capacity to carry out functional activity at low O2 concentration (i.e. High cytochrome 

activity) 

2. Ability for photosynthesis under low light intensity 

3. Capacity to synthesis food rapidly  

4. Regeneration capacity of shoots when damaged by flood 

5. Ability to withstand drought at later growth stage  

6. Deep root system 

7. Narrow, medium long and dark green leaves with high sugar and protein content. 

B reeding methods : Same as in other stresses. 
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BREEDING FOR SALT TOLERANCE 

 Salt Tolerance:  refers to the ability of plants to prevent, reduce or overcome injurious 

effects of soluble salts present in their root zone. 

 It is a global problem as saline and alkali soils are fond in almost all the countries of the 

world, more in Semi Arid Tropic (SAT) of world.   

Problem of salinity can be overcome by two ways: 

1. Soil reclaimation : costly, time consuming and short lived 

2. Res istant varieties : less costly, more effective, long lasting require longer period to develop. 

Behavior / characteristics of plants to salt : 

1. Land races more tolerant than High yielding varieties.  Tolerant plants varieties are found 

is salt affected areas 

2. Salt tolerance capacity differs from species to species.  Also genetic differences exist 

among cultivars for their salt tolerance capacity.  

3. Different crop plants show differential response to salinity 

Salinity Crops 

a. Highly tolerant crops Sugarbeat, sunflower, barley (grain), cotton, 
datepalm, asparagus 

b. Moderately Tolerant crops Barley (Forage), rye, soghum, wheat, safflower, 
soybean 

c. moderately sensitive  Rice, corn, foxtail millet, cow pea, peanut, 
sugarcane, tomato, potato, sweet potato, radish, 
alfalfa, cabbage  

d. Extremely sensitive Citrus, straw berry, melon, peas, other legumes, 
apple, rajmabean, carrot, okra, onion (orange) 

4. Higher ploidy level crops are more tolerant than lower ploidy level crops. 

Eg. Hexaploid wheat more tolerant than tetraploid  

Tetraploid Brassica more tolerant than diploid Brassica 

5. In rice tall, coarse grained, late maturing varieties- more tolerant 

6. In sugarcane different strains have differential tolerance Barley more tolerant than wheat. 

Symptoms of plants to salt stress : 

1. Retardation / cessation of growth 

2. Necrosis 

3. Leaf abscession 

4. Loss of turgor 

5. Ultimate death of plant 
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Mechanisms of salt tolerance : 

 2 types of mechanisms 

1. Salt Tolerance : Plants respond to salinity stress by accumulating salt, generally in their 

cells or glands and roots etc. 

2. Salt avoidance : plants avoid salt stress by maintaining their cell salt concentration 

unchanged either by water absorption eg. Rice, chenopodiaceae family or by salt 

exclusion eg. Tomato, soybean, citrus, wheat grass 

Glycophytes (Non-halophytes) plants owe their resistance primarily to avoidance. Eg. Barley 

Hallophytes (plants that grew in salty or alkaline soils) show tolerance by ion accumulation 

mechanism 

Breeding methods 
Breeding methods are same but breeding strategies are 

1. Breeding for yield potential should have greater emphasis than breeding for salt 

resistance per se (As screening is done on the basis of yield reduction in stress 

environment as compared to non-stress Environment.). 

2. Selection should be done is stresses target environments (As abiotic stress resistance is an 

important part of Environ. Fitness & is bound to be location specific i.e. it is related to 

narrow adaptation.  

Screening Techniques  

Common methods are  

1. Sand culture  by using nuturient solution in sand &  irrigation with saline water 

2. Solution culture by using solution culture  tanks (Hydroponic culture) 

3. Microplot techniques  by using small microplots 

Microplot Techniques: By using small microplots of size 6 x 3 x 1 m (CSSRI, Karnal, Haryana) 

at central soil salinity Research Institute. 

 Then Multilocation Trial (MLT) conducted over seasons to get more reliable results.  

Genotypes which survive better under salinity are considered tolerant & tested further. 

Selection criteria 

1. Germination (%) is saline medium 

2. Dry matter accumulation (seeding / plant dry wt.) / Early vigour  

3. Leaf senescence or death – Estimated by total dead leaf area or No. of dead leaves 

4. Leaf necrosis 

5. Leaf ion content 
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6. Osmoregulation (Determined as maintenance of turgor under stress) Measured as proline 

or CHo accumulation or accumulation of glycine, betaine etc. 

7. Yield – Economic yield 

Problems 

1. Creation of reliable controlled salinity Env.  

2. Scoring for salinity resistance 

3. Genetic control –  it is complex & polygenic  

4. Mechanisms of resistance poorly  understood.  Salinity may have interaction with other 

stresses. 
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COLD TOLERANCE 

 When temperatures remain above-freezing i.e. >00C to <100-150C it is called chilling 

When temperature. remain below freezing i.e.<00C it is called Freezing. 

A. Chilling Resistance: 
 Chilling sensitive plants are typically tropical plants. Temperate plants are generally 

tolerant to chilling injury. 

Effects of chilling stress on plants : 

1. Reduced germination 

2. Poor seedling establishment 

3. Stunted growth 

4. Wilting 

5. Chlorosis 

6. Necrosis 

7. Pollen sterility 

8. Poor fruit set / seed formation 

9. Reduced root growth 

10.  Locked open stomato 

11.  ABA accumulation 

At subcellular level 

12.  Reduces membrane stability 

13.  Poor chlorophyll synthesis (affected) 

14.  Reduced photosynthesis & respiration 

15.  Toxicity due to H2O2 formation 

Chilling Tolerance 

 Ability of some genotypes to survive / perform better under chilling stress than other 

genotypes is called chilling tolerance. It is because of chilling hardening, i.e. an earlier exposure 

to a near chilling temperature for a specifie d period as a result of which chilling tolerance of the 

concerned plants increases. 

Mechanisms of chilling tolerance: 
1. Membrane lipid un-saturation 

2. Reduced sensitivity of photosynthesis 

3. Increased chlorophyll accumulation 

4. Improved germination 

5. Improved fruit / seed set 



 152 

6. Pollen fertility 

Sources of chilling Tolerance : 

1. Late adopted breeding populations eg.  maize 

2. Germplasm (eg. That collected from high altitude , low temperature geographic regions) 

3. Induced mutants for cold tolerance 

4. Cold tolerant somaclonal variants 

5. Related wild species eg. Tomato 

Selection criteria 

Based on - 

1. Germination test 

2. Growth under stress (measured as plant dry matter accumulation) 

3. Chlorophyll Loss under chilling stress eg. rice, cucumber, tomato (measured as seedling 

colour) 

4. Membrane stability : (Assayed in terms of solute leakage from tissues) 

5. Photosynthesis : Chilling injury to photosynthesis is assayed as variable chlorophyll 

fluorescence at 685 nm 

6. Seedling mortality 

7. Seed / Fruit set 

8. Pollen fertility (apply during injury at PMC) 

B. Freezing Resistance 

Freezing injury / Frost injury / cryo injury 

Freezing Stress :  Dormant state is conducive to freezing resistance, while resistance in actively 

growing tissue is rare : Thus Freezing resistance largely involves surviving freezing stress in 

such a manner as to enable subsequent regrowth when the temperature rises. 

As water in plants cools below 00C, it may either  

1. Freeze i.e. form ice or  2. Super cool without forming ice. 
Effects of freezing stress  

1. Ice formation : Two types  Intercellular ice formation 
Intracellular ice formation 

Intercellular Ice formation: Initiation of ice formation on plant surface is sufficient to 

induce freezing of the internal (intercellular & xylem vessels etc.) water is most plant 

species. 



 153 

Intracellular ice formation: It is more lethal may be due to physical disruption of 

subcellular structure by ice crysta l.  Intracellular ice formation is the major and terminal 

freezing stress. 

Extracellular ice formation in a cases the concentrations  of extracellular solutes, the re by 

water is withdrawn from the cells during extracellular ice formation.  This creates water-

stress in the frozen tissue / plant. 

2. Membrane disruptions : 

• Freezing causes disruptions is and / or alter the semipermeable properties of 

plasma membrane 

• Loss of solutes from the cells occur 

• Cells remain plasmolyzed even after thawaing which is often called as frost 

plasmolysis 

• Cells may become highly turiel due to uptake of excess water. 

3. Suspercooling : 

Cooling of water  below 00C without ice crystal formation is called supercooling  

• In plants water  may cooldown to -1 to-150C is herbeceour sps and to -40 to -450C 

in hardy trees. 

• This becomes possible apparently because internal ice-nucleators are absence in 

such cases. 

• This is regarded as an important. Mechanism of freezing avoidance 

4. Stress due to external factors : Consequent to freezing 

1) Ice sheet formation below and above the ground causes reserve depletion anoxia 

etc. in plants. 

2) Tissues killed during freeze-thaw are highly prone to pathogen attacks 

3) Auto toxicity mary occur 

 

Mechanism of Freezing Resistance : 

 The ability of a genotype to survive freezing stress and to recover and re grow after 

thawing is known as freezing resistance. Freezing resistance is a complex trait involving 

physiological, chemical & physical processes at the tissue and cell level. 

Mechanism of Freezing resistance. 

1. Freezing avoidance  : The ability of plant tissues / or genes (but the whole plants) to 

avoid ice formation at sub zero temperature is called freezing avoidance 
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Supercooling is a mechanism of freezing avoidance it is controlled by 

1. Lack of ice-nucleators    2. Small cell size  

3. Little or no intercellular space   4. Low moisture content 

5. Barriers against external nucleators  6. Presence of antinucleators 

2. Freezing Tolerance : Ability of plants to survive the stresses generated by extra cellular 

ice formation and to recover and regrow after thawing is known as freezing tolerance. 

The various components of freezing tolerance are as follows: 

1) Osmotic adjustment  

2) Amount of bound water 

3) Plasma membrane stability 

4) Cell wall components properties 

5) Cold-responsive proteins  Eg. ABA 

Sources of freezing tolerance  

1. Cultivated varieties  

2. Germplasm lines 

3. Induced Mutations  

4. Related wild species Eg. Wheat Agropyron sps; rye 

Barley – H. jubatum, H.brachyantherum x H.bogdanii, H.jubatum x H.compressum 

Oats –  Avena sterilis 

5. Transgenes : Eg. chemical Synthe sized antifreeze protein gene, ala 3, in tobacco 

Selection criteria:  

Based on 

1. Field survival 

2. Freezing test in laboratory 

3. Cryo freezing 

4. Osmoregulation 

Problems in breeding for freezing tolerance  

1. Freezing Tolerance is a complex trait & involves several components.  So, it is not ready 

measurable under field conditions  

2. Breeding work under field conditions is highly influenced by other environ factors and 

biotic stresses 

3. Due to large G X E for the trait field survival shows poor heritability 

4. Freezing tolerance also shows a large GXE interaction which limits progress under 

selection 
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5. Laboratory tests are yet to be developed to screen large breeding population 

 

Lecture. No. 32  
 

Genotype – Environment – Interaction and Adaptation 
 

It is established that P  = G + E,  

Phenotype (p) is the function of the genotype (G) and environment (E).  this is relevant to an 

individual subjected to a particular environmental condition.  When the same individual is 

subjected to more than one kind of environment, its phenotypic expression for any trait may 

often change.  Then, the differences is phenotypic expression for any trait cannot be accounted 

for by G and E alone, since P > G + E. 

 This lack of correspondence between heritable and non-heritable effects, or the remainder 

of ‘P’ that cannot be accounted for by ‘G and ‘E’, is attributed to the interaction of G with E (i.e. 

G X E). 

 Then 

 P = G + E + (G X E) 

This holds true for all the individuals or populations which tend to behave differentially 

in diverse environmental conditions due to genotype x environment interaction. 

Genotypes, Environments and their Interaction 

1. Genotypes (G) : Comprises all the crop varieties (cultivars), improved or unimproved, 

homogeneous or heterogeneous, under domestication, and genetic stocks in the breeder’s 

nursery. 

2. Environments (E) : Plants surrounded and influenced by physical, chemical and 

biological conditions of their habitat.  All these conditions constitute an environment.  

These conditions might vary over time (years or seasons) and space (locations or 

altitudes). 

According to Comstock and Moll, 1963 there are two types environments Micro 

Environment & Macro Environment.  

Micro -environment : The environment of a single plant or organism as opposed to that of 

another growing at the same time in almost the same place is known as micro environment. Each 

member of a population is subjected to a specific environment of its own. The individual itself 

contributes to its environment by way of maintaining a certain level of temperature and humidity 

around it.  This micro environ differ from one individual to another in a pop. And includes solar 

radiation, disease and pest incidence and soil factors and weather fluctuations.   
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Macro -environment :  The environment associated with variables having large and easily 

recognizable effect is termed as macro-environment and may include differences over years, 

locations (latitude / altitude) fertilizer levers, planting dates, irrigation schedules etc. 

 A macro environment can be riewed as a collection of micro environments whose 

individuals effects on organism are quite small.  

Allard  and Bradshaw (1964) : classified the environmental variation into two types:  

1. Predictable and  2. Unpredictable variations. 

Predictable component variations : include all the permanent attributes features of the 

environment, such as climate, edapthic factors (soil types), day length (photo period), agronomic 

practices such as planting dates, plant density, water management, fertilization etc. 

Unpredictable variations / component : All the uncontrollable actors i.e. it include 

fluctuations, mild or violent, in weather / season / year with respect to annual precipitation 

(rainfall), te mperature, relative humidity, etc. coupled with variant agronomic practices. 

Genotypes x Environment Interaction It is the differential behaviour of the genotype under 

varietal environmental conditions. This concept was put forth by Allard.  

 The performance of a crop variety in there resultant effect of its genotype and the 

environment in which it grows. The variety may perform differently in different environments. 

The interplay of genetic and non-genetic effects causing differential relative performances of 

different genotypes (varieties) in different environments is called genotype environment (GE) 

interaction.  

Table: Yield of varieties in two locations (e.x)  

Variety Location 

 Yield quintal per acre  
Maruteru 

Yield quintal per acre  
Nizamabad 

Surekha 18.00 23.00 

Pothanna 16.00 27.00 

Mean 17.00 25.00 

 

Each genotype attends its maximum biological performance in a particular environment. Due to 

negative G E interaction – environmental element fall short to produce, of the required biological 

optimum. Depending on the optimally considerations of different genotypes it is possible to 

develop genotype suited to ‘or’ tailored for a range of environments  



 157 

ADAPTATION : It is the capacity of genotypes to adjust themselves in a specific or particular 

environmental condition, so as to reach a certain level of phenotypic expression. 

TYPES OF ADAPTATION  

 There are four types of adaptation, viz., (1) specific genotypic adaptation, (2) general 

genotypic adaptation, (3) specific population adaptation and (4) general population adaptation. 

These are briefly described below. 

1. Specific Genotypic Adaptation: It is the close adaptation of a genotype to a limited 

environment. For the production of rice in a deep water area; a variety’s capacity for 

rapid inter-node elongation is an essential feature of its specific adaptation. 

2. General Genotypic Adaptation: It refers to the capacity of a genotype to produce a 

wide range of phenotypes compatible with a range of environments. Semi-dwarf varieties 

of wheat and rice which can be grown over a wide range of environmental conditions are 

examples of this type of adaptation (i.e., adaptability).  

3. Specific Population Adaptation: It refers to the capacity of a heterogeneous population 

to adapt to specific environment. A composite or a varietal mixture giving stable 

production is an example of this category. Here the competition is between the 

components of variety or mixture rather than adaptation of components themselves.  

4. General Population Adaptation: It is the capacity of heterogeneous populations to 

adapt to a variety of environments. Synthetic varieties of forage crops are example of this 

type of adaptation. This property of adaptation is specific to an individual genotype or a 

group of genotypes and is termed as homeostasis.  

1. Morphological adaptation : Growth habit, stalk strength, radial symmetry of rhizome etc. 

2. Physiological adaptation : Resistance to parasites, greater ability to compete for nutrients 

or to stand desiccation. 
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TYPES OF ADAPTATION 
Adaptation  

 

     Genotypic adaptation            Population Adaptation  
It is associated with the individual            It is related with the  
genotype whether homozygous (inbred)           heterozygous population in a  
or heterozygous (hybrid) in an specific            specified environment  
environment  
 
 
Specific genotypic  General genotypic          Specific Population       General Population 
    Adaptation        Adaptation    Adaptation        Adaptation  
 
Adaptation of a Wide range of          Heterogeneous popl   Heterogeneous popl 
Genotype to a   Phenotypes compatible       to adapt to specific  to adapt to a variety  
Limited envrnt.  With the range of          environment   of environments like 
e.g., Rice in deep environment           e.g., composites   e.g., synthetic  varities  
water area   e.g., Semi-dwarf wheat    popl in soil salinity 
   varieties  
 

ADAPTABILITY : is the ability of a genotype to produce a relatively narrow range of 

phenotypes in different environments. It is the result of genetic homeostatis, refers to the 

buffering capacity of a genotype to environmental fluctuations. 

STABILITY: It refers to its performance with respective changing environmental factors 

overtime within a given location. This means that a stable variety is less sensitive to the temporal 

environmental changes that may take place.  

MODELS FOR STABILITY ANALYSIS :  

1. Finlay and Wilkinson Model (1963)  

2. Eberhart and Russell Model (1966) 

3. Perkins and Jinks Model (1968) 

4. Freeman and Perkins Model (1971) 

Eberhart and Russel (1966) Model 

This is the widely used model and it is relatively simple yet quite informative. 

They defined a stable variety as one with regression co-efficient of unity (b=1) and a 

minimum deviation from the regression line (S2d = 0, i.e. not significantly different from 

zero) with high mean. 
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Mendelian Genetics I

A. Gregor Mendel
B. Mendel’s Dominance Experiment
C. Mendel’s Segregation Experiment

A. The F1 Cross

Section Outline



Gregor Mendel
• Born in 1822 in what is 

now the Czech Republic
• Priest who studied 

mathematics and science 
at the University of 
Vienna

• Spent the next 14 years 
working at a monastery 
and teaching high school

• Carried out his 
experiments on the side 
while working for the 
monastery



Why Pea Plants?
• Pea plants are self-fertilizing –

pollen (male sex cells) 
produced by one plant fertilize 
eggs (female sex cells) in that 
same plant

• Several true-breeding varieties 
of peas were available to him –
if allowed to self-pollinate, they 
produced identical offspring

• Cross-pollination could be 
controlled by cutting away male 
parts and dusting flowers with 
pollen from other plants with a 
paintbrush

• One disadvantage – it took a 
year to grow each generation of 
plant



Seed 
Shape

Flower 
Position

Seed Coat
Color

Seed 
Color

Pod 
Color

Plant 
Height

Pod
Shape

Round

Wrinkled

Round

Yellow

Green

Gray

White

Smooth

Constricted

Green

Yellow

Axial

Terminal

Tall

Short

Yellow Gray Smooth Green Axial Tall

Mendel’s Dominance Experiment

1. biological inheritance is determined by factors (genes) that are passed from 
one generation to the next

2. each trait was controlled by one gene that occurred in two contrasting forms 
(allele – different forms of a gene)

3.    Some alleles are dominant and others are recessive



P Generation F1 Generation F2 Generation

Tall Short Tall TallTall Tall Tall Short

Mendel’s Segregation Experiment



P Generation F1 Generation F2 Generation

Tall Short Tall TallTall Tall Tall Short

Mendel’s Segregation Experiment



P Generation F1 Generation F2 Generation

Tall Short Tall TallTall Tall Tall Short

Mendel’s Segregation Experiment

1.  Alleles for tallness and shortness were segregated from each 
other during the formation of gametes (sex cells)



Gene Combinations

• What is the difference between 
heterozygous and homozygous?

• What is the difference between genotype 
and phenotype?



Punnett Square



Punnett Square

What percentage of the F1 offspring would be tall if a homozygous 
tall plant was crossed with a  homozygous short plant?



Mendelian Genetics II

A.  Mendel’s Independent Assortment 
Experiment

1.  The F2 Cross

B.  Summary of Mendel’s Principles

Section Outline



Mendel’s Independent Assortment 
Experiment – F1

• Mendel crossed true-
breeding round yellow 
peas (RRYY) with true-
breeding wrinkled green 
peas (rryy)
R – round
r – wrinkled
Y – yellow
y – green

• All offspring were RrYy



Mendel’s Independent Assortment 
Experiment – F2

• Of 556 seeds:
315 were round and 
yellow
32 were wrinkled and 
green
the remaining 209 had 
combinations of 
phenotypes

• 9:3:3:1 ratio
Independent assortment -

alleles segregated 
independently



Click the link below to view an animation 
linking meiosis to Mendel's principles:

http://mail.ab.mec.edu/~fhohn/Notes/U5Resources/ch10c4p1.swf

This animation can be found on page 1 of 
concept 4 in chapter 10 of the online textbook.

Explain when segregation and independent 
assortment are demonstrated during meiosis.

http://mail.ab.mec.edu/~fhohn/Notes/U5Resources/ch10c4p1.swf


Click the link below to view an animation of 
meiosis:

http://mail.ab.mec.edu/~fhohn/Notes/U5Resources/ch10c4p2.swf

This animation can be found on page 2 of 
concept 4 in chapter 10 of the online textbook.

What is a linked gene?

How can linked genes still sort independently?

http://mail.ab.mec.edu/~fhohn/Notes/U5Resources/ch10c4p2.swf


Summary of Mendel’s Principles
• Gene concept - The inheritance of biological characteristics 

is determined by individual units known as genes.  In 
organisms that reproduce sexually, genes are passed from 
parents to their offspring.

• Dominance - In cases which two or more forms of the gene 
for a single trait exist, some forms of the gene may be 
dominant and others may be recessive.

• Segregation - In most sexually reproducing organisms, each 
adult has two copies of each gene – one from each parent.  
These genes are segregated from each other when gametes 
are formed.

• Independent Assortment - The alleles for different genes 
usually segregate independently of one another



Heredity I
A. Sex Determination
B. Sex-linked Traits
C. Pedigrees
D. Karyotyping
E. Nondisjunction



Human Sex Determination
• Have 46 chromosomes (fruit flies-8, dogs-72, 

chimpanzees-48)
• Somatic cells (all cells except gametes) are diploid (2N-

containing two sets of chromosomes)
• Gametes (sex cells) are haploid (1N – one set of 

chromosomes, only X or Y)
• Female = XX
• Male = XY (the Y chromosome is very small, only 2 

identified genes)
• Thought Question – Draw a Punnett square crossing a 

male and a female.  Why is the male solely “responsible” 
for the determination of the child’s sex?



Sex-linked Traits

• Sex-linked traits – traits that are determined 
by genes located on the X chromosome

• Examples – color blindness, hemophilia
• Thought question – Why are these disorders 

more common in boys than girls?



Father
(normal vision)

Colorblind
Normal 
vision

Mother 
(carrier)

Daughter
(normal vision)

Son
(normal vision)

Daughter
(carrier)

Son
(colorblind)

Male

Female

Color Blindness

Color blindness is coded for by a recessive allele carried 
on the X chromosome

Carrier – someone who is carrying a recessive trait



Father
(normal vision)

Colorblind
Normal 
vision

Mother 
(carrier)

Daughter
(normal vision)

Son
(normal vision)

Daughter
(carrier)

Son
(colorblind)

Male

Female

Color Blindness

Thought Question – If a colorblind woman marries a man 
with normal vision, how many of their daughters will be 
colorblind?



A circle represents 
a female.

A square represents 
a male.

A horizontal line connecting 
a male and female 
represents a marriage.

A vertical line and a 
bracket connect the 
parents to their children.

A half-shaded circle 
or square indicates 
that a person is a 
carrier of the trait.

A completely 
shaded circle or 
square indicates 
that a person 
expresses the 
trait.

A circle or square 
that is not shaded 
indicates that a 
person neither 
expresses the trait 
nor is a carrier of 
the trait.

Pedigrees
Pedigree – a diagram that shows how a trait is inherited over several generations



Click the link below to view an animation of a 
pedigree:

http://mail.ab.mec.edu/~fhohn/Notes/U5Resources/ch12c3p2.swf

This animation can be found on page 2 of 
concept 3 in chapter 12 of the online textbook.

Complete the pedigree as prompted.

http://mail.ab.mec.edu/~fhohn/Notes/U5Resources/ch12c3p2.swf


Karyotype – the arrangement of an organism’s chromosomes in 
homologous pairs, can be used to check for certain genetic diseases



What is wrong with this karyotype?



Homologous 
chromosomes 
fail to separate

Meiosis I:
Nondisjunction

Meiosis II

Nondisjunction

Nondisjunction – when homologous chromosomes fail to separate



Disorders Involving Abnormal 
Chromosome Numbers

Down Syndrome – Trisomy 21

Turner’s Syndrome – XO, female inherits only 1 X chromosome, sterile

Klinefelter’s Syndrome – XXY, male, but sterile and often with female 
characteristics

Super Males (Criminal Syndrome) – XYY, male, usually tall, below 
average intelligence, 96% lead normal lives, but go to prison 20 times 
more frequently than normal males

Barr Body – XXX or XXXX, no apparent harmful consequences, only 
one X chromosome is active per cell, others stay condensed as a lump 
of chromatin (Barr body), female contestants have been removed from 
the Olympics because of the lack of Barr bodies, may actually be XY 
individuals with female genitals and secondary sex characteristics



Heredity II

A. Incomplete Dominance
B. Codominance
C. Pleiotropy
D. Epistasis
E. Polygenic Inheritance



Incomplete Dominance

Incomplete Dominance – cases in which one allele is not completely 
dominant over another

Examples – red and white flowers in Mirabilis plants



Thought Question - What is the probability of producing 
pink-flowered offspring from two pink-flowered parents?

Incomplete Dominance



Phenotype
(Blood Type Genotype

Antigen on 
Red Blood Cell

Safe Transfusions

To From

Codominance
Codominance – cases in which both alleles contribute to the 
phenotype of the organism

Thought Question – Is it possible for parents with blood type A 
and type B to have children that are type AB and type O?



Pleiotropy

• Pleiotropy – cases in which a 
gene affects an organisms 
phenotype in more than one 
way

• Example – sickle-cell anemia –
red blood cells are altered into 
a sickle shape and cannot carry 
oxygen properly – problems 
throughout the body

• In the U.S., 9% of African 
Americans are carriers

• In Africa, 40-45% of Africans 
are carriers – Why?

• If you are a carrier, you are 
resistant to malaria

http://carnegieinstitution.org/first_light_case/horn/lessons/images/red blood cells.JPG


Epistasis • Epistasis – when a gene at 
one location on a 
chromosome (locus) alters 
the phenotypic expression 
of a gene at a second 
location

• Example – fur color of 
mice

• Black is dominant to 
brown (B and b, bb = 
brown)

• A second gene codes for 
the deposition of pigment 
in hair (C = yes, c = no)

• If cc, then will be white 
regardless of color genes

http://images.google.com/imgres?imgurl=http://members.tripod.com/~katyskubicle/mice/blacky.gif&imgrefurl=http://members.tripod.com/~katyskubicle/merelymice.html&h=240&w=320&sz=19&tbnid=wz9JrqVSp-AJ:&tbnh=84&tbnw=113&hl=en&start=2&prev=/images%3Fq%3Dblack%2Bmice%26svnum%3D10%26hl%3Den%26lr%3D
http://images.google.com/imgres?imgurl=http://www.fancymice.info/cinnamon.jpg&imgrefurl=http://www.fancymice.info/AOVstandards.htm&h=498&w=645&sz=24&tbnid=ydoRhf75wnwJ:&tbnh=104&tbnw=135&hl=en&start=5&prev=/images%3Fq%3Dbrown%2Bmice%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
http://images.google.com/imgres?imgurl=http://www.abc.net.au/science/news/img/life/white_mouse.jpg&imgrefurl=http://www.abc.net.au/science/news/stories/s791451.htm&h=159&w=230&sz=6&tbnid=YP2IjF6dlAAJ:&tbnh=71&tbnw=103&hl=en&start=1&prev=/images%3Fq%3Dwhite%2Bmice%26svnum%3D10%26hl%3Den%26lr%3D


Polygenic Inheritance

• Some traits are coded for 
by a single gene

• Polygenic inheritance –
cases in which many 
genes code for one trait

• Example – skin color, at 
least 3 genes are involved 
(AABBCC = very dark, 
aabbcc = very light)

• Other examples – height, 
weight, eye color
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DEPARTMENT OF GENETICS AND PLANT BREEDING  

 

1. Course No.  : GBPR 211 

2. Course Title : Principles of Plant Breeding  

3. Credit Hours : 3 (2+1) 

4. General Objective : To impart knowledge to the students on the 
principles and procedures of plant breeding in 
self and cross pollinated crops to develop the 
high yielding varieties / hybrids 

5. Specific Objectives   

Theory 

By the end of the course, the students will be able to  

i. learn breeding procedures in self and cross pollinated crops  

ii. understand exploitation of heterosis utilizing male sterility and other methods 

iii. know about the various population improvement programmes  

iv. study about the fundamentals of mutation, polyploidy and wide hybridization and 
their role in crop improvement 

Theory Lecture Outlines 
1. Definition, aim, objectives and scope of plant breeding 

2. History and development of plant breeding –  scientific contributions of eminent scientists –  
landmarks in plant breeding 

3. Modes of reproduction – asexual reproduction (vegetative reproduction and apomixis) and sexual 
reproduction – their classification and significance in plant breeding  

4. Modes of pollination – classification of crop species on the basis of mode of pollination – self-
pollination – mechanisms promoting self -pollination – genetic consequences of self-pollination – 
cross-pollination – mechanisms promoting cross -pollination – genetic consequences of cross-
pollination –  – often cross-pollinated crops  

5. Method of plant breeding – classification of plant breeding methods – methods of breeding for 
self-pollinated, cross-pollinated and asexually propagated species – brief account of breeding 
methods  

6. Plant introduction – primary introduction and secondary introduction – history of plant 
introduction – plant introduction agencies in India – National Bureau of Plant Genetic Resources 
(NBPGR) and its activity –  procedure of plant introduction – purpose of plant introduction – 
merits and demerits of plant introduction – germplasm collections – genetic erosion – gene 
sanctuaries  

7. Selection – natural and artificial selection – basic principles of selection – basic characteristics 
and requirements of selection – selection intensity – selection differential –  heritability – genetic 
advance 
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8. Mass selection – procedure for evolving a va riety by mass selection – modification of mass 
selection – merits, demerits and achievements 

9. Johannsen’s pure line theory and its concepts and significance – origin of variation in pure lines –  
characters of pure lines – progeny test 

10. Genetic basis  of pure line selection – general procedure for evolving a variety by pure line 
selection – merits, demerits and achievements –  comparison between mass and pure line 
selection 

11. Biometrics –  definition – qualitative and quantitative characters – role of environment in 
quantitative inheritance – biometrical techniques in plant breeding – components of genetic 
variation i.e. additive, dominance and epistatic variance – differences between additive and 
dominance variance 

12. Hybridization – aims and objectives –  types of hybridization – pre-requisites for hybridization – 
procedure / steps involved in hybridization  

13. Handling of segregating generations – pedigree method – procedure – modifications of pedigree 
method – merits, demerits and achievements 

14. Handling of segregating generations – bulk method – procedure – merits, demerits and 
achievements of bulk method – comparison between pedigree and bulk method – single seed 
descent method 

15. Handling of segregating generations – backcross method of breeding – its requirements and 
applications – procedure for transfer of single dominant gene and procedure for transfer of single 
recessive gene 

16. Handling of segregating generations – backcross method – applications of back cross method – 
transfer of a dominant gene – transfer of a recessive gene – transfer of two or more characters into 
a single recurrent parent (simultaneous transfer, stepwise transfer and simultaneous but separate 
transfer) –  merits, demerits and achievements – comparison between pedigree and backcross 
method; Multiline variety –  definition – characteristics of a good multilane – development of 
multilane varieties – achievements   

17. Self-incompatibility –  classification – heteromorphic, homomorphic, gametophytic and 
sporophytic sys tems of incompatibility –  mechanisms of self-incompatibility  

18. Self-incompatibility –  relevance of self-incompatibility –  methods to over come self-
incompatibility – advantages and disadvantages – utilization in crop improvement 

19. Male sterility –  different types – genetic, cytoplasmic and cytoplasmic genetic male sterility –  
inheritance and maintenance  

20. Male sterility –  utilization of male sterile lines in hybrid seed production – their limitations, 
advantages and disadvantages  

21. Hardy Weinberg Law – factors affecting equilibrium frequencies in random mating populations  

22. Heterosis –  heterosis and hybrid vigour –  luxuriance – heterobeltiosis –  brief history – heterosis in 
cross- pollinated and self-pollinated species – manifestations of heterosis  

23. Heterosis –  genetic bases of heterosis –  dominance, over dominance and epistasis hypotheses –  
objections and their explanations – comparison between dominance and overdomiance 
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hypotheses – physiological bases of heterosis – commercial utilization  
 

24. Inbreeding depression – brief history – effects of inbreeding – degrees of inbreeding depression – 
procedure for development of inbred lines and their evaluation  

25. Exploitation of heterosis –  history of hybrid varieties – important steps in production of single and 
double cross hybrids – brief idea of hybrids in maize, bajra, sunflower, rice and forage crops  

26. Synthetics and composites –  production procedures –  merits, demerits and achievements –  factors 
determining the performance of synthetic varieties –  comparison between synthetics and 
composites  

27. Population improvement – selection without progeny testing – selection with progeny testing – 
progeny selection – merits and demerits of progeny selection – line breeding – achievements 

28. Recurrent selection – different types – detailed procedure of simple recurrent selection and brief 
description of other recurrent selection methods – conclusion on the efficiency of different 
selection schemes  

29. Methods of breeding for vegetatively propagated crops – clone – characteristics of asexually 
propagated crops – characteristics of clones – importance of a clone – sources of clonal selection 
– procedure – advantages and disadvantages – problems in breeding asexually propagated crops – 
genetic variation within a clone – clonal degeneration – achievements – comparison among 
clones, purelines and inbreds 

30. Mutation breeding – spontaneous and induced mutations – characteristic features of mutations – 
procedure of mutation breeding – applications – advantages, limitations and achievements  

31. Polyploidy – autopolyploids – origin and production – morphological and cytological features of 
autopolyploids – applications of autopolyploidy in crop improvement – limitations of 
autopolyploidy – segregation in autotetraploids – allopolyploidy – morphological and cytological 
features of allopolyploids – applications of allopolyploidy in crop improvement –  limitations of 
allopolyploidy 

32. Wide hybridization – history – objectives – barriers to the production of distant hybrids –  
techniques for production of  distant hybrids –  applications of wide hybridization in crop 
improvement – sterility in distant hybrids –  cytogenetic, genetic and cytoplasmic bases of sterility 
–  limitations and achievements  
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Lecture No: 1    

Definition, Aim, Objectives and Scope of Plant Breeding 

Definition : 

 Plant breeding can be defined as an art, a science, and technology of improving the 

genetic make up of plants in relation to their economic use for the man kind.  

or 

 Plant breeding is the art and science of improving the heredity of plants for the benefit 

of mankind. 

or 

 Plant breeding deals with the genetic improvement of crop plants also known as 

science of crop improvement. 

or 

 Science of changing and improving the heredity of plants 

 
Aim : 

 Plant breeding aims to improve the characteristics of plants so that they become more 

desirable agronomically and economically. The specific objectives may vary greatly 

depending on the crop under consideration.  

 
Objectives of Plant Breeding : 

1. Higher yield : The ultimate aim of plant breeding is to improve the yield of 

economic produce. It may be grain yield, fodder yield, fibre yield, tuber yield, cane 

yield or oil yield depending upon the crop species. Improvement in yield can be 

achieved either by evolving high yielding varieties or hybrids.   

2. Improved quality: Quality of produce is another important objective in plant 

breeding. The quality characters vary from crop to crop. Eg. grain size, colour, 

milling and backing quality in wheat. Cooking quality in rice, malting quality in 

barley, size, colour and size of fruits, nutritive and keeping quality in vegetables, 

protein content in pulses, oil content in oilseeds, fibre length, strength and fineness in 

cotton. 
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3. Abiotic resistance : Crop plants also suffer from abiotic factors such as drought, soil 

salinity, extreme temperatures, heat, wind, cold and frost, breeder has to develop 

resistant varieties for such environmental conditions.    

4. B iotic resistance : Crop plants are attacked by various diseases and insects, resulting 

in considerable yield losses. Genetic resistance is the cheapest and the best method of 

minimizing such losses. Resistant varieties are developed through the use of resistant 

donor parents available in the gene pool.  

5. Change in maturity Duration / Earliness  : Earliness is the most desirable character 

which has several advantages. It requires less crop management period, less 

insecticidal sprays, permits new crop rotations and often extends the crop area.  

Development of wheat varieties suitable for late planting has permitted rice-wheat 

rotation.  Thus breeding for early maturing crop varieties, or varieties suitable for 

different dates of planting may be an important objective. Maturity has been reduced 

from 270 days to 170 days in cotton, from 270 days to 120 days in pigeonpea, from 

360 days to 270 days in sugarcane. 

6. Determinate Growth :  Development of varieties with determinate growth is 

desirable in crops like Mung, Pigeon Pea (Cajanus cajan ), Cotton (Gossypium sp.), 

etc. 

7. Dormancy : In some crops, seeds germinate even before harvesting in the standing 

crop if there are rains at the time of maturity, e.g., Greengram, Blackgram, Barley 

and Pea, etc.  A period of dormancy has to be introduced in these crops to check loss 

due to germination. In some other cases, however, it may be desirable to remove 

dormancy.  

8. Desirable Agronomic Characteristics: It includes plant height, branching, tillering 

capacity, growth habit, erect or trailing habit etc., is often desirable.  For example, 

dwarf ness in cereals is generally associated with lodging resistance and better 

fertilizer response. Tallness, high tillering and profuse branching are desirable 

characters in fodder crops. 

9. Elimination of Toxic Substances : It is essential to develop varieties free from toxic 

compounds in some crops to make them safe for human consumption. For example, 

removal of neurotoxin in Khesari (Lathyruys sativus) which leads to paralysis of 

lower limbs, erucic acid from Brassica which is harmful for human health, and 
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gossypol from the seed of cotton is necessary to make them fit for human 

consumption.  Removal of such toxic substances would increase the nutritional value 

of these crops. 

10. Non-shattering characteristics: The shattering of pods is serious problem in green 

gram. Hence resistance to shattering is an important objective in green gram.   

11. Synchronous Maturity : It refers to maturity of a crop species at one time. The 

character is highly desirable in crops like Greengram, Cowpea, and Cotton where 

several pickings are required for crop harvest. 

12. Photo and Thermo insensitivity: Development of varieties insensitive to light and 

temperature helps in crossing the cultivation boundaries of crop plants. Photo and  

thermo-insensitive varieties of wheat and rice has permitted their cultivation in new 

areas.  Rice is now cultivated in Punjab, while wheat is a major rabi crop in West 

Bengal. 

13. Wider adaptability  : Adaptability refers to suitability of a variety for general 

cultivation over a wide range of environmental conditions. Adaptability is an 

important objective in plant breeding because it helps in stabilizing the crop 

production over regions and seasons. 

14. Varieties for New Seasons : Traditionally Maize is a kharif crop.  But scientists are 

now able to grow Maize as rabi and zaid crops.  Similarly, mung is grown as a 

summer crop in addition to the main kharif  crop.   

Scope of plant breeding (Future Prospects) 

 From times immemorial, the plant breeding has been helping the mankind. With 

knowledge of classical genetics, number of varieties have been evolved in different crop 

plants. In order to combat the global alarm created by population explosion, the food front 

has to be strengthened which is serious challenge to those scientists concerned with 

agriculture. Advances in molecular biology have sharpened the tools of the breeders, and 

brighten the prospects of confidence to serve the humanity. The application of biotechnology 

to field crop has already led to the field testing of genetically modified crop plants. 

Genetically engineered Rice, Maize, Soybean, Cotton, Oilseeds Rape, Sugar Beet and Alfalfa 

cultivars are expected to be commercialized before the close of 20th century. Genes from 

varied organisms may be expected to boost the performance of crops especially with regard 
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to their resistance to biotic and abiotic stresses. In addition, crop plants are likely to be 

cultivated for recovery of valuable compounds like pharmaceuticals produced by genes 

introduced into them through genetic engineering. It may be pointed out that in Europe  

hirudin, an anti-thrombin protein is already being produced from transgenic Brassica napus. 

 

Undesirable effects 
 Plant breeding has several useful applications in the improvement of crop plants. 

However, it has five main undesirable effects on crop plants.   

 
1. Reduction in Diversity : Modern improved varieties are more uniform than land 

races. Thus plant breeding leads to reduction in diversity.  The uniform varieties are 

more prone to the new races of pathogen than land races which have high genetic 

diversity.  

2. Narrow genetic base : Uniform varieties have narrow genetic base. Such varieties 

generally have poor adaptability.   

3. Danger of Uniformity : Most of the improved varieties have some common parents 

in the pedigree which may cause danger of uniformity.   

4. Undesirable combinations : Sometimes, plant breeding leads to undesirable 

combinations. The examples of man made crops having undesirable combination of 

characters are Raphanobrassica and Pomato. 

5. Increased susceptibility to minor diseases and pests : Due to emphasis on breeding 

for resistance to major diseases and insect pests often resulted in an increased 

susceptibility to minor diseases and pests. These have gained importance and, in some 

cases, produced severe epidemics. The epidemic caused by Botrytis cinerea (grey 

mold) in chickpea during 1980-82 Punjab, Haryana. The severe infection by Karnal 

bunt (Tilletia sp.) on some wheat varieties, infestation of mealy bugs in Bt cotton.  

Lecture No. 2  
History and development of plant breeding  

- The process of br inging a wild species under human management is referred to as 

domestication  

- Domestication may be the most basic method of plant breeding  

- Domestication continuous today and is likely to continue for some time in future 
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- Ex : In case of timber trees medicinal plants, microbes  

- During the long period of historic cultivation natural selection has definitely acted on 

the domesticated species. 

- Movement of man from one place to another brought about the movement of his 

cultivated plant species 

- 700 BC - Babylonians and Assyrians pollinated date palm artificially  

- 17th century - several varieties of heading lettuce were developed in France 

- 1717 - Thomas Fair Child - produced the first artificial hybrid, popularly known 

as Fair Child’s mule, by using carnation with sweet William 

- 1727 - The first plant breeding company was established in France by the vilmorins. 

- 1760-1766 - Joseph koelreuter, a German, made extensive crosses in tobacco.  

- 1759-1835 – Knight was perhaps the first man to use artificial hybridization to 

develop several new fruit varieties.  

- Le couteur and Shireff used individual plant selections and progeny test to develop 

some useful cereal varieties 

- 1873 - the work of Patrick Shireff was first published.  

- He concluded that only the variation heritable nature responded to selections, and that 

there variation arose through ‘natural sports’ (= mutation) and by ‘natural 

hybridization’  

(= recombination during meiosis in the hybrids so produced).  

- 1856 - Vilmorin developed the progeny test and used this method successfully in the 

improvement of sugar beets.  

- 1900 - Nilson-Ehle, his associates developed the individual plant selection method in 

Sweden.  

- 1903 - Johannsen proposed the pureline theory that provided the genetic basis for 

individual plant selection. 

- The science of genetics began with the rediscovery of Gregor Johan Mendel’s paper 

in 1900 by Hugo de veris, Tshermark and Correns which was originally published in 

1866.  

- The modern plant breeding methods have their bases in the genetic and cytogenetic 

principles. 

- Numerous workers who determined the various modes of inheritance have contributed 

to the development and understanding of plant breeding.  
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- The discovery of chromosomes as carriers of genes has led to the development of 

specialized plant breeding methods for chromosome engineering.  

- The totipotency of plant somatic and gametic cells allows regeneration of complete 

plants from single cells. This, coupled with the development of recombinant DNA 

technology, has enabled the transfer of desirable genes from any organism into plants. 

Crop varieties developed in this manner are already in cultivation in several countries. 

 
History of plant breeding in India 

- 1871 – The Government of India created the Department of Agriculture 

- 1905 – The Imperial Agricultural Research Institute was establish in Pusa, Bihar 

- 1934 – The buildings of the institute damaged in earthquake  

- 1936 – Shifted to New Delhi 

- 1946 – Name was changed Indian Agricultural Research Institute 

- 1901-05 – Agricultural Colleges were established at Kanpur, Pune, Sabour, Llyalpur, 

Coimbatore   

- 1929 – Imperial council of Agricultural Research was established 

- 1946 – Name was change to Indian Council Agricultural Research  

- 1921 – Indian Central Cotton Committee was established – Notable researches on 

breeding and cultivation of cotton. Eg : 70 improved varieties of cotton 

- 1956 – Project for intensification of regional research on cotton, oilseeds and millets 

(PIRRCOM) was initiated to intensify research on these crops – located at 17 

different centres through out the country 

- 1957 – All India Coordinated maize improvement project was started with objective 

of exploiting heterosis  

- 1961 - The first hybrid maize varieties released by the project 

- ICAR initiated coordinated projects for improvement of the other crops  

- 1960 – First Agricultural University established at Pantnagar, Nainital, U.P.  

Scientific contributions of eminent scientists 

Name of the Scientists   Contributions  

Allard  and Bradshaw - G x E interaction 

Recurrent Selection for SCA - Hull 

Recurrent Selection for GCA - Jenkins 

Dominance hypothesis - Davenport 
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Gene for gene hypothesis - Flor 

Pureline concept - Johannsen 

Backcross method - Harlan and Pope 

Double cross scheme - Jones 

Cytoplasmic Genetic Male sterility  - Jones and Davis 

Ear to row method  - Hopkins 

Colchicine - Blackslee and Nebel 

Single Seed Descent Method - Goulden 

Self incompatibility  - Lewis 

Vertifolia effect - Van Der Plank 

Centres of diversity, Law of homologus series - Vavilov 

Grater initial capital hypothesis  - Ashby  

Progeny test - Vilmorin 

First artificial hybrid - Thomas Fairchild  

Triticale - Rimpau 

Mutation - Hugo de Vries 

Sprophytic System of self incompatibility - Hughes and Babcock 

Bulk method - Nilsson & Ehle 

Raphano brassica - Karpenchenko 

Heterosis - Shull 

Male sterility - Jones and Davis 

Father of hybrid rice - Yuan Long Ping 

Self incompatibility classification - Lewis 

Mechanism of insect resistance - Painter 

Modified bulk method - Atkins 

Components of genetic variance classification  - Fischer 

Male sterility in maize - Rhoades 

Microcentre - Harlan 

Chemical mutagen - Aurbach 

Multiline concept - Jenson 

Green revolution in India  - M.S. Swaminathan 

Semidwarf rice varieties at IRRI - T.T. Chang 

Forage breeder - G.W. Burton 
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Forage breeder - T.J. Jenkin 

Soyabean breeder - E.E. Hartwig 

 

Some Indian Plant Breeding  

T.S. Venkatraman - An eminent sugarcane breeder, he transferred thick stem and 

high sugar contents from tropical noble cane to North Indian 

Canes. This process is known as noblization of sugarcane.  

B.P. Pal - An eminent Wheat breeder,developed superior disease 

resistant N.P. varieties of wheat. 

M.S. Swaminathan - Responsible for green revolution in India, developed high 

yielding varieties of Wheat and Rice 

Pushkarnath - Famous potato breeder 

N.G.P. Rao - An eminent sorghum breeder 

K. Ramaiah - A renowned rice breeder 

Ram Dhan Singh - Famous wheat breeder 

D.S. Athwal - Famous pearlmillet breeder 

Bosisen - An eminent maize breeder 

Dharampal Singh - An eminent oil-seed breeder 

C.T. Patel - Famous cotton breeder who developed world’s first cotton 

hybrid in 1970 

V. Santhanam - Famous cotton breeder 

 

Lecture No: 3 
MODES OF REPRODUCTION  

 
 Mode of reproduction determines the genetic constitution of crop plants, that is, 

whether the plants are normally homozygous or heterozygous.  This, in turn, determines the 

goal of a breeding programme.  If the crop plants are naturally homozygous, e.g., as in self-

pollinators like wheat, a homozygous line would be desirable as a variety.  But if the plants 

are heterozygous naturally, e.g., as in cross-pollinators like Maize, a heterozygous population 
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has to be developed as a variety.  Consequently, the breeding methods have to be vastly 

different for the two groups of crop plants.  A knowledge of the mode of reproduction of crop 

plants is also important for making artificial hybrids.  Production of hybrids between diverse 

and desirable parents is the basis for almost all the modern breeding programmes. 

MODES OF REPRODUCTION 
 The modes of reproduction in crop plants may be broadly grouped into two 

categories, asexual and sexual. 

Asexual Reproduction 
 A sexual reproduction does not involve fusion of male and female gamentes.  New 

plants may develop from vegetative parts of the plant (vegetative reprodu ction) or may arise 

from embryos that develop without fertilization (apomixis). 

Vegetative Reproduction  
 In nature, a new plant develops from a portion of the plant body.  This may occur 

through modified underground and sub-acrial stems, and through bulbills. 

Underground Stems 
 The underground modifications of stem generally serve as storage organs and contain 

many buds.  These buds develop into shoots and produce plants after rooting.  Examples of 

such modifications are given below. 

Tuber : Potato  

Bulb :  Onion, Garlic 

Rhizome : Ginger, turmeric 

Corm : Bunda, arwi 

Sub-aerial Stems  
 These modifications include runner, stolon, sucker etc.,. Sub-aerial stems are used for 

the propagation of mint, date plam etc. 

Bulbils  
 Bulbils are modified flowers that develop into plants directly without formation of 

seeds.  These are vegetative bodies; their development does not involve fertilization and seed 

formation.  The lower flowers in the inflorescence of garlic naturally develop into bulbils.  

Scientists are trying to induce bulbil development in plantation crops by culturing young 

inflorescence on tissue culture media ; it has been successfully done in the case of cardamom. 

Artificial Vegetative Reproduction 
 It is commonly used for the propagation of many crop spec ies, although it may not 

occur naturally in those species.  Stem cuttings are commercially used for the propagation of 
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sugarcane, grapes, roses, etc. Layering, budding, grafting and gootee are in common use for 

the propagation of fruit trees and ornamental shrubs.  Techniques are available for vegetative 

multiplication through tissue culture in case of many plant species, and attempts are being 

made to develop the techniques for many others.  In many of these species sexual 

reproduction occurs naturally but for certain reasons vegetative reproduction is more 

desirable. 

Significance of Vegetative Reproduction 
 Vegetatively reproducing species offer unique possibilities in breeding.  A desirable 

plant may be used as a variety directly regardless of whether it is homozygous or 

heterozygous.  Further, mutant buds, branches or seedlings, if desirable, can be multiplied 

and directly used as varieties. 

Apomixis  
 In apomixis, seeds are formed but the embryos develop without fertilization.  

Consequently, the plants resulting from them are identical in genotype to the parent plant.  In 

apomictic species, sexual reproduction is either suppressed or absent.  When sexual 

reproduction does occur, the apomixis is termed as facultative.  But when sexual reproduction 

is absent, it is referred to as obligate.  Many crop species show apomixis, but it is generally 

facultative.  The details of apomictic reproduction vary so widely that a confusing 

terminology has resulted.  A simplified classification of apomixis is given below. 

Adventive Embryony 
 In this case, embryos develop directly from vegerative cells of the ovule, such as 

nucellus, integument, and chalaza. Development of embryo does not involve production fo 

embryo sac.  Adventive embryony occurs in mango, citrus, etc. 

Apospory  
 Some vegetative cells of the ovule develop into unreduced embryo sacs after meiosis.  

The embryo may develop from egg cell or some other cell of this embryo sac.  Apospory 

occurs in some species of Hieraceum, Malus, Crepis, Ranunculus, etc. 

Diplospo ry 

 Embryo sac is produced from the megaspore, which may be haploid or, more 

generally, diploid.  Generally the meiosis is so modified that the megaspore remains diploid.  

Diplospory leads to parthenogenesis or apogamy. 

Parthenogenesis  

 The embryo develops from embryo sac without pollination. It is of two types  

Gonial parthenogenesis –  embryos develop from egg cell,   



 

 14 

Somatic parthenogenesis – embryos develop from any cell of the embryo sac other than the 

egg cell. 

Apogamy 

 In apogamy, synergids or antipodal cells develop into an embryo.  Like 

parthenogenesis, apogamy may be haploid or diploid depending upon the haploid or diploid 

state of the embryo sac.  Diploid apogamy occurs in Antennaria, Alchemilla, Allium and 

many other plant species. 

Significance of Apomixis  
 Apomixis is a nuisance when the breeder desires to obtain sexual progeny, i.e., selfs 

or hybrids.  But it is of great help when the breeder desires to maintain varieties.  thus in 

breeding of apomictic species, the breeder has to avoid apomictic  progeny when he is making 

crosses or producing inbred lines.  But once a desirable genotype has been selected, it can be 

multiplied and maintained through apomictic progeny.  This would keep the genotype of a 

variety intact.  Asexually reproducing crop species are highly heterozygous and show severe 

inbreeding depression.  Therefore, breeding methods in such species must avoid inbreeding. 

 

SEXUAL REPRODUCTION 

Sexual reproduction involves fusion of male and female gametes to form a zygote, which 

develops in to an embryo. In crop plants, male and female gametes are produced in specialised 

structures known as flowers. 
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Flower 

A flower usually consists of sepals, petals (or their modifications), stamens and/or pistil. A 

flower containing both stamens and pistil is a perfect or hermaphrodite flower. If it contains 

stamens, but not pistil, it is known as staminate, while a pistillate flower contains pistil, but 

not stamens. Staminate and pistillate flowers occur on the same plant in a monoecious 

species, such as maize, Colocasia, castor (Ricinus communis), coconut, etc. But in dioecious 

species, staminate and pistillate flowers occur on different plants, e.g., papaya, date palm 

(Phoenix dactylifera), pistachio (Pistacia vera), etc. In "crop plants, meiotic division of 

specific cells in stamen and pistil yields microspores and megaspores, respectively. This is 

followed by mitotic division of the spore nuclei to produce gametes; the male and female 

gametes are produced in microspores and megaspores, respectively. 

 
Sporogenesis  

Productions of microspores and megaspores is known as sporogenesis. Microspores are 

produced in anthers (microsporogenesis), while megs.spores are produced in ovules 

(megasporogenesis). 

 
Microsporogenesis. Each anther has four pollen sacs, which contain numerous pollen mother 

cells (PMCs). Each PMC undergoes meiosis to produce four haploid cells or microspores. 

This process is known as microsporogenesis (Fig. 4.1). The microspores mature into pollen 

grains mainly by a thickening of their walls. 

 
Megasporogenesis. Megasporogenesis occurs in ovules, which are present inside the ovary. A 

single cell in each ovule differentiates into a megaspore mother cell. The megaspore mother 

cell undergoes meiosis to produce four haploid megaspores. Three of the megaspores 

degenerate leaving one functional megaspore per ovule (Fig. 4.2). This completes 

megasporogenesis. 

 
Gametogenesis 
The production of male and female gametes in the microspores and the megaspores, 

respectively, is known as gametogenesis. 

Microgametogenesis. This refers to the production of male gamete or sperm. During the 

maturation of pollen, the microspore nucleus divides mitotically to produce a generative and 

a vegetative or tube nucleus. The pollen is generally released in this binucleate stage. When 

the pollen lands onto the stigma of a flower, it is known as pollination. Shortly after 
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pollination, the pollen germinates. The pollen tube enters the stigma and grows through the 

style. The generative nucleus now undergoes a mitotic division to produce two male gametes 

or sperms. The pollen, along with the pollen tube, is known as microgametophyte. The pollen 

tube finally enters the ovule through a small pore, micropyle, and discharges the two sperms 

into the embryo sac. 

 
Microsporogenesis and microgametogenesis (a generalized scheme) 

 
Megagametogenesis. The nucleus of a functional megaspore divides mitotically to produce 

four or more nuclei. The exact number of nuclei and their arrangement vary considerably 

from one species to another. In most of the crop plants, megaspore nucleus undergoes three 

mitotic divisions to produce eight nuclei. Three of these nuclei move to one pole and produce 

a central egg cell and two synergid cells; one synergid is situated on either side of the egg 

cell. Another three nuclei migrate to the opposite pole to give rise to antipodal cells. The two 

nuclei remaining in the centre, the polar nuclei, fuse to form a secondary nucleus. The 

megaspore thus develops into a mature megagametophyte or embryo sac. The development 

of embryo sac from a megaspore is known as megagametogenesis. The embryo sac generally 

contains one egg cell, two synergids, three antipodal cells (all haploid), and one diploid  

secondary nucleus. 
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Megasporogenesis and megagametogenesis (generalized scheme) 

 
Significance of Sexual Reproduction 

 Sexual reproduction makes it possible to combine genes from two parents into a 

single hybrid plant.  Recombination of these genes produces a large number of genotypes.  

This is an essential step in creating variation thr ough hybridization.  Almost the entire plant 

breeding is based on sexual reproduction.  Even in asexually reproducing species, sexual 

reproduction, if it occurs, is used to advantage, e.g., in sugarcane, potato, sweet potato etc. 

Lecture No. 4 
MODES OF POLLINATION 

Pollination refers to the transfer of pollen grains from anthers to stigmas. Pollen from an 

anther may fall on to the stigma of the same flower leading to self-pollination or outogamy.  

When pollen from flowers of one plant are transmitted to the stigmas of flowers of another 

plant, it is known as cross-pollination or allogamy.  A third situation, geitonogamy, results 

when pollen from a flower of one plant falls on the stigmas of other flowers of the same 

plant, e.g., in Maize.  The genetic consequences of geitonogamy are the same as those of 

autogamy. 
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Self-pollination 

 Many cultivated plant species reproduce by self-pollination.   Self-pollination species 

are believed to have originated from cross-pollinated ancestors.  These species, as a rule, 

must have hermaphrodite flowers.  But in most of these species, self -pollination is not 

complete and cross -pollination may occur up to 5%.  The degree of cross-pollination in self-

pollinated  species is affected by several factors, e.g., variety environmenta l conditions like 

temperature and humidity, and location.   

Mechanisms promoting self-pollination The various mechanisms that promote self-

pollination are generally more efficient than those promoting cross -pollination. These 

mechanisms are listed below. 

1. Cleistogamy.  In this case, flowers do not open at all.  This ensures complete self-

pollination since foreign pollen cannot reach the stigma of a closed flower. 

Cleistogamy occurs in some varieties of wheat, oats, barley and in a number of other 

grasses. 

2. In some species, the flowers open, but only after pollination has taken place.  This 

occurs in many cereals, such as, wheat, barley, rice and oats.  Since the flower does 

open, some cross-pollination may occur. 

3. In crops like tomato and brinjal, the stigmas are closely surrounded by anthers.  

Pollination generally occurs after the flowers open.  But the position of anthers in 

relation to stigmas ensures self-pollination. 

4. In some species, flowers open but the stamens and the sigma are hidden by other 

floral organs.  In several legumes, e.g., pea, mung, urd, Soybean and gram the 

stamens and the stigma are enclosed by the two petals forming a keel. 

5. In a few species, stigmas become receptive and elongate through staminal columns.  

This ensures predominant self -pollination. 

Genetic Consequences of Self-Pollination 
 Self-pollination leads to a very rapid increase in homozygosity.  Therefore, 

populations of self-pollinated species are highly homozygous, self-pollinated species do not 

show inbreeding depression, but may exhibit considerable heterosis.  Therefore, the aim of 

breeding methods generally is to develop homozygous varieties. 

Cross-Pollination 
 In cross-pollinating species, the transfer of pollen from a flower to the stigmas of the 

others may be brought about by wind (anemophily).  Many of the crop plants are naturally 
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cross-pollinated (Table 3.1).  In many species, a small amount (up to 5-10 percent) of selfing 

may occur.   

Mechanisms promoting cross pollination There are several mechanism that facilitate cross-

pollination; these mechanisms are described briefly. 

1. Dicliny : Dicliny or unisexuality is a condition in which the flowers are either 

staminate (male) or pistillate (female). 

a) Monoecy.  Staminate and pistillate flowers occur in the same plant, either in 

the same inflorescene, e.g., Castor, mango and coconut, or in separate 

inflorescences, chestnut, strawberries, rubber, grapes and cassava. 

b) Dioecy.  The male and female flowers are present on different plants, i.e., the 

plants in such species are either male or female, e.g., papaya, date, hemp, 

asparagus, and spinach.  In general, the sex is governed by a single gene, e.g., 

asparagus and papaya.  In some cases, there are hermaphrodite plants in 

addition to males and females, and a number of intermediate forms may also 

occur. 

2. Stamens and pistils of hermaphrodite flowers may mature at different times 

facilitating cross -pollination. 

a) Protogyny.  In crop species like bajra, pistils mature before stamens. 

b) Protandry.   in crops like Maize and sugarbeets, stamens mature before pistils. 

3. In Lucerne or alfalfa, stigmas are covered with a waxy film. The stigma does not 

become receptive until this waxy film is broken.  The waxy membrane is broken by 

the visit of honey bees which also effect cross-pollination. 

4. A combination of two or more of the above mechanisms may occur in some specie.  

This improves the efficiency of the system in promoting cross-pollination.  For 

example, Maize exhibits both monoecy and protandry. 

5. Self-Incompatibility.  It refers  to the failure of pollen from a flower to fertilize the 

same flower or other flowers on the same plant.  Self-incompatibility is of two types : 

sporophytic and gametophytic.  In both the cases, flowers do not set seed on selfing.  

Self-incompatibility is common in several species of Brassica, some species of 

Nicotiana, radish, rye and many grasses.  It is highly effective in preventing self-

pollination.  

6. Male Sterility.  Male sterility refers to the absence of functional pollen grains in 

otherwise hermaphrodite flowers.  Male sterility is not common is natural 

populations.  But it is of great value in experimental populations, particularly in the 
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production of hybrid seed.  Male sterility is of two types : genetic and Cytoplasmic.  

Cytoplasmic male sterility is termed Cytoplasmic-genetic when restorer genes are 

known.  In view of the importance of self-incompatibility and male sterility, a more 

detailed discussion on them follows later. 

Genetic Consequences of Cross-Pollination.  Cross-pollination preserves and promotes 

heterozygosity in a population.  Cross-pollinated species are highly heterozygous and show 

mild to severe inbreeding depression and a considerable amount of heterosis.  The breeding 

methods in such species aim at improving the crop species without reducing heterozygosity 

to an appreciable degree.  Usually, hybrid or synthetic varieties are the aim of breeder 

wherever the seed production of such varieties is economically feasible.  

Often Cross-Pollinated Species 
 
 In many crop plants (Table 3.1), cross -pollination often exceeds 5 per cent and may 

reach 30 per cent.  Such species are generally known as often cross-pollinated species, e.g., 

Jowar, Cotton, arhar, safflower etc.  The genetic architecture of such crops is intermediate 

between self-pollinated and cross-pollinated species.  Con-sequently, in such species 

breeding methods suitable for both of them may be profitably applied.  But often hybrid 

varieties are superior to others. 

Lecture No: 5  
METHODS OF PLANT BREEDING  

 
 Various approaches (viz., selection, hybridization, mutation, etc) that are used for 

genetic improvement of crop plants are referred to as plant breeding methods or plant 

breeding procedures or plant breeding techniques. The choice of breeding methods mainly 

depends on the mode of pollination, mode of reproduction, gene action and breeding 

objective of crop species. Plant breeding methods are generally classified on the basis of 

application of crop improvement (general methods, special methods and population 

improvement approaches) and hybridization (methods involving hybridization and methods 

not involving hybridization). 

 Various breeding procedures that are more commonly used for the genetic 

improvement of various crop plants are known as general breeding methods. Such breeding 

methods include introduction, selection (pure line selection, mass selection, progeny 

selection), hybridization (pedigree, bulk and backcross methods), heterosis breeding, 

synthetic and composite breeding. On the other hand, those breeding procedures that are 

rarely used for improvement of crop plants are referred to as special breeding methods. Such 
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methods include: mutation breeding, polyploidy breeding, wide crossing or distant 

hybridization and biotechnology. Four breeding approaches, viz., recurrent selection, 

disruptive mating and selection, diallel selective mating system and biparental mating are 

used mainly for population improvement. 

Classification of Plant Breeding Methods  

Basis of classification and  
 Types of methods 

Breeding methods included 

A. Application in crop improvement   

(1) General Methods Plant introduction, Pure line selection, mass 

selection, progeny selection, pedigree 

method, bulk method, back cross method, 

SSD, clonal selection, heterosis breeding, 

synthetics and composites. 

(2) Special Methods Mutation breeding, Polyploidy breeding, 

transgenic breeding, molecular breeding. 

(3) Population Improvement Recurrent selection, disruptive selection, 

diallel selective approaches mating system, 

biparental mating.  

B. Hybridization   

(1) Methods involving hybridization Pedigree, bulk, backcross and SSD Methods: 

heterosis breeding, and population 

improvement approaches and molecular 

breeding (marker aided selection). 

(2) Methods not involving hybridization Plant Introduction, pureline selection, mass 

selection, progeny selection, clonal selection, 

mutation breeding and transgenic breeding. 

 

 There are some differences in the breeding methods used for self pollinated and cross 

pollinated species. Self pollinated species are homozygous, hence we can start hybridization 

directly. Cross pollinated species, on the other hand, are highly heterozygous. Hence we can 

not start hybridization directly. First we have to develop inbred lines by selfing or inbreeding 

and then only hybridization can be taken up. We have to exploit homozygosity in self 

pollinated crops and heterozygosity in cross pollinated species. Asexually propagated species 

such as sugarcane, potato, sweet potato, etc., are highly heterozygous. Hence, F1 hybrids in 
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such crops exhibit segregation and selection can be practiced in F1 generation. The superior 

clones are identified and further multiplied. The maintenance or conservation of hybrid 

vigour is easy in such crops because of asexually propagation.  

Methods of Breeding Autogamous species 

 Plant breeding methods that are used for genetic improvement of self pollinated or 

autogamous species include:  

1. Plant Introduction  

2. Pureline selection  

3. Mass selection  

4. Pedigree method 

5. Bulk method 

6. Single seed descent method 

7. Backcross method 

8. Heterosis breeding 

9. Mutation breeding 

10.  Polyploidy breeding 

11.  Distant hybridization  

12.  Transgenic breeding.  

Four breeding approaches, viz., recurrent selection, disruptive selection, diallele selective 

mating, and biparental mating are used for population improvement.  

Methods or Breeding Allogamous species 

 Breeding methods that are used for genetic improvement of cross pollinated or 

allogamous species include  

(1)  Plant introduction  

(2)  Mass and progeny selection  

(3)  Backcross method  

(4)  Heterosis breeding 

(5)  Synthetic breeding 

(6)  Composite breeding 

(7)  Polyploidy breeding 

(8)  Distant hybridization 

(9)  Transgenic breeding 
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Mutation breeding is rarely used in allogamous species. Three breeding approaches 

viz., recurrent selection, disruptive mating and biparental meting are used for population 

improvement. 

Methods of Breeding Asexually Propagated Species 
 Important breeding methods applicable to asexually propagated species are  

(1)  Plant Introduction  

(2)  Clonal selection  

(3)  Mass selection  

(4)  Heterosis breeding 

(5)  Mutation breeding 

(6)  Polyploidy breeding  

(7)  Distant hybridization  

(8)  Transgenic breeding. 

Mass selection is rarely used in asexually propagated species. 
Brief account of breeding methods  
 Plant introduction is applicable to all three groups of crop plants, viz., self pollinated, 

cross pollinated and asexually propagated species. It is an oldest and rapid method of crop 

improvement. The introduced material may be used in three ways viz., 

(1)  Directly as a variety 

(2)  As a variety after selection  

(3)  As a parent in the hybridization for development of variety or hybrid 

Pureline selection is applicable to self pollinated species. It is also used sometimes in 

cross pollinated species for development of inbred lines. A single best pure line is released as 

a variety. Thus a pureline variety is homozygous and homogeneous population.   

Mass selection is common in cross pollinated species and rare in self pollinated and 

asexually propagates species. In self pollinated crops, a mass selected variety is a mixture of 

several purelines. Thus it is a homozygous but heterogeneous population. In cross pollinated 

species, a mass selected variety is a mixture of several hetero and homozygotes. Thus, it is a 

heterozygous and heterogeneous population  

Progeny selection is used in cross pollinated species. A variety developed by this 

method is heterozygous and heterogeneous population because it consists of several hetero 

and homozygotes. 

Pedigree method is applicable to both self and cross pollinated species. In self 

pollinated crops progeny of a single best homozygote is released as a variety. Thus a variety 

developed by this method has a homozygous and homogeneous population. In cross 
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pollinated species, it is used for developed of inbred lines. Bulk nad single seed descent 

methods are used in self pollinated species. Progeny of a single best homozygote is released 

as a varie ty by these methods. Thus, varieties developed by these methods are homozygous 

and homogeneous. 

Backcross method is applicable in all three groups of crop species. This method is 

used for transfer of oligogenic characters from a donor source to a well adapted variety. This 

method is also used for development of multilines, Isogenic lines and transfer of male 

sterility. This method is more effective in transferring oligogenic characters than polygenic 

traits. The end product of backcross method is similar to parent variety expect for the 

character which has to be transferred from the donor source. 

Multiline varieties are developed in self pollinated species. They are mixture of 

several Isogenic lines, closely related lines or unrelated lines. Thus a multiline variety is a 

homozygous but heterogeneous population.  

Clonal selection is used in asexually propagated species. In this method progeny of a 

single best clone is released as a variety. Such variety has heterozygous but homogeneous 

population.  

Heterosis breeding is used in/all the three groups. However, it is common in cross 

pollinated and asexually propagated species and rare in self pollinated species. A hybrid 

variety has homogeneous but heterozygous population. Synthetic and composite varieties are 

developed in cross pollinated species. Such varieties consist of several homozygotes and 

heterozygotes and thus constitute a heterogeneous population. 

Mutation breeding is common in self pollinated and asexually propagated species and 

rare in cross pollinated species. A mutant variety differs from parent variety in one or few 

characters. A mutant differs from a segregant in two main ways. Firstly, the frequency of 

segregants is very high and that of mutant is extremely low (0.1%). Secondly, mutant differs 

from parent variety in one or few characters, where as a segregant differs from parent 

material in several characters. 

Polyploidy breeding is common in asexually propagated species and rare in self and 

cross pollinated species. A polyploidy variety differs from parent variety in chromosome 

numbers and exhibit gigant morphological characters. 

Distant hybridization is used in all the three types of crop species. However, this 

method is used for transferring some desirable genes from wild species to the cultivated ones. 

Generally, backcross method is used for transfer of oligogenic characters and pedigree 

method for transfer of polygenic characters. 
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Transgenic breeding is applicable to all three types of crop species. This method is 

used to solve specific problems which can not be solved by conventional breeding 

techniques. This method will serve as a tool and can not be used as a substitute for 

conventional breeding methods. 

Recurrent selection is common in cross pollinated species and rare in other two 

groups. It is used for accumulating favourable genes in a population i.e., for population 

improvement. Other approaches which are used for population improvement include 

disruptive mating, diallel selective mating (DSM) and biparental mating. DSM is used in self 

pollinated species and other two techniques can be used both in self and cross pollinated 

species.  

 
Lecture No: 6 

Plant Introduction 

Plant introduction consists of taking a genotype or a group of genotypes of plants into 
new environments where they were not being grown before. Introduction may involve new 
varieties of a crop already grown in the area, wild relatives of the crop species or a totally 
new crop species. Mostly materials are introduced from other countries or continents. But 
movement of crop varietie s from one environment into another within a country is also 
introduction. Some examples of within the country introduction are popularization of grape 
cultivation in Haryana, Introduction of wheat in West Bengal, Rice in Punjab etc. 

Primary Introduction : When the introduced variety is well suited to the new environment, 
it is released fro commercial cultivation without any alteration in the original genotype, this 
constitutes primary introduction. Primary introduction is less common, particularly in 
countries having well organized crop improvement programmes. Introduction of semi dwarf 
wheat varieties Sonora 64, Lerma Roja and of semi dwarf rice varieties Taichung Native 1 
(TN-1), IR-8 and IR-36 are some examples of primary introductions. 

Secondary Introduction: The introduced variety may be subjected to selection to isolate a 
superior variety. Alternatively, it may be hybridized with local varieties to transfer one or few 
characters from this variety to the local ones these processes are known as secondary 
introduction. Secondary introduction is much more common than primary introduction. 
Examples of secondary introduction are Kalyan Sona and sonalika wheat varieties selected 
from material introduced from CIMMYT,  Mexico.  

History of Plant Introduction : crop plants have traveled ino many new areas from their 
centres of origin. This movement of plants occurred with the movement of man. Most of 
these introductions occurred very early in the histoy. For example, mung mustard, pear, apple 
and walnut were introduced from the Central Asian Center of origin into various parts of 
India. Similarly sesame, Jowar, arhar, Asian Cotton and finger millet originated in Africa and 
traveled to India in the prehistoric period. From this it is clear that plant wealth of various 
nations is to a large extent the result of plant introductions. 

 For several centuries A.D.  the agencies of plant Introduction wre invaders, settlers, 
traders, travelles, explorers and naturalists. The plant introduction were made either 
knowingly or unknowingly. Muslim invaders introduced in India cherries and grapes from 
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Afghanistan by 1300 A.S. In the 16th century A.D. Portugues introduced Maize, groundnut, 
chillies, potato, sweet potato, guava pineapple, papaya, cashewnut and Tobacco. East India 
Company brought tea, litchi, and loquat from China. Cabbage, cauliflower and other 
vegetables from the Mediterranean; annatto and mahogany from West Indies in the last 
quarter of 18th century. 

During 19th century, a number of botanic gardens played an important role in plant 
introduction. The Calcutta botanic gardens was established in 1781. the Kew botanic gardens, 
England arranged introduction of quinine and rubber trees from South America into India. 
During and after the last part of 19th century various agricultural and horticulture research 
stations were established in the country. These stations introduced horticulture and 
agriculture plants independent of each other. There was no co-ordination among these 
agencies regarding their introduction activities. 

Plant Introduction Agencies in India 

A centralized plant introduction agency was initiated in 1946 at the Indian 
Agricultural Research Institute (IARI), New Delhi.  The agency began as a plant introduction 
scheme in the Division of Botany and was funded by ICAR.   In 1956, during the second five 
year plan, the scheme was expanded as the Plant Introduction and Exploration Organisation.  
Subsequently in 1961, it was made an independent division in IARI, the Division of Plant 
Introduction.  The division was reorganized as National Bureau of Plant Genetic Resources 
(NBPGR) in 1976.  the nature of activities and the functions of the bureau have remained the 
same, but the scope and scale of its activities  have increased considerably.  The bureau is 
responsible for the introduction and maintenance of germplasm of agricultural and 
horticultural plants. 

In addition to the National Bureau of Plant Genetic Resources, there are some other 
agencies concerned with plant introduction.  Forest Research  Institute, Dehradun, has a plant 
introduction organization which looks after the introduction, maintenance and testing of 
germplasm of forest trees.  The Botanical Survey of India was established in 1890 ; it was 
responsible for the introduction, testing and maintenance of plant materials of botanical and 
medicinal interest.  But at present, introduction and improvement of medicinal plants is being 
looked after by NBPGR.  The Central Research Institute for various crops, e.g., tea, coffee, 
sugarcane, potato, Tobacco, rice etc., introduce, test and maintain plant materials of their 
interest.  But their activities are coordinated by the NBPGR, which has the ultimate 
responsibility for introduction activities.  Plant material may also be introduced by individual 
scientists, universities and other research organizations. But all the introductions in India 
must be routed through the NBPGR, New Delhi. 

The National Bureau of Plant Genetic Resources.  The bureau has it headquarters at IARI, 
New Delhi.  It has four substations for the testing of introduced plant materials.  These 
substations represent the various climatic zones of India, they are listed below. 

1. Simla.  It is situated in Himachal Pradesh and represents the temperate zone ; 

approximately 2,300 m above sea level. 

2. Jodhpur, Rajasthan.  It represents the arid zone  

3. Kanya Kumari, Tamil Nadu.  It represents the tropical zone  

4. Akola, Maharashtra.  It represents the mixed climatic zone.  It was recently shifted 

from Amravati. 
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In addition, a new substation has recently been established at Shillong for collection of 
germplasm from North-east India.  This part of the country has a large genetic variability 
for several crop species, e.g., rice, citrus, Maize etc. 

The bureau functions as the central agency for the export and introduction of 
germplasm of economic importance.  The bureau is assisted in its activities by the various 
Central Research Institutes of ICAR.  The activities of the bureau are summarized below. 

1. It introduces the required germplasm from its counterparts or other agencies in other 

countries. 

2. It arranges explorations inside and outside the country to collect valuable germplasm. 

3. It is responsible for the inspection and quarantine of all the introduced plant materials. 

4. Testing, multiplication and maintenance of germplasm obtained through various 

sources.  This may be done by the bureau itself at one of its substations or by one of 

the concerned Central Institutes of ICAR. 

5. To supply, on request, germplasm to various scientists or institutions.  The germplasm 

may be supplied ex-stock or may by procured from outside in case it is not available 

in the country. 

6. Maintenance of records of plant name, variety name, propagating material, special 

characteristics, source, date and other relevant information about the materials 

received.  

7. To supply germplasm to its counterparts or other agencies in other countries. 

8. To publish its exchange and collection lists.  An Introduction News Letter containing 

such lists is being published by the Food and Agriculture Organisation (FAO) since 

1957 at irregular intervals.  NBPGR has also published some lists, and is in the 

process of publishing some other catalogues. 

9. To set up natural gene sanctuaries of plants where genetic resources are endangered.  

10.  Improvement of certain plants like medicinal and aromatic plants. 

Procedure of Plant Introduction 

Introduction consists of the following steps : Procurement, quarantine, cataloguing, 
evaluation, multiplication and distribution.   

1. Procurement : Any individual or institution can introduce germplasm in India. But all the 
introductions must be routed through the NBPGR, New Delhi.  There are two routes for plant 
introduction.  In first route the individual or the institution makes a direct request to an 
individual or institution abroad, who has the desired germplasm, to send it through the 
NBPGR, New Delhi.  In second procedure the individual or institute submits his germplasm 
requirements to the NBPGR with a request for their import.  

2. Quarantine : Quarantine means to keep materials in isolation to prevent the spread of 
diseases etc. All the introduced plant propagules are thoroughly inspected for contamination 
with weeds, diseases and insect pests.  Materials that are suspected to be contaminated are 
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fumigated or are given other treatments to get rid of the contamination.  If necessary, the 
materials are grown in isolation for observation of diseases, insect pests and weeds.  The 
entire process is known as quarantine and the rules prescribing them are known as quarantine 
rules. 

3. Cataloguing :  When an introduction is received, it is given an entry number.  Further, 
information regarding name of the species, variety, place of origin, adaptation and its various 
characteristics are recorded.  The plant materials are classified into three groups. 

1. Exotic collections are given the prefix ‘EC’ 

2. Indigenous collections are designated as ‘IC’ and  

3. Indigenous wild collections are marked as ‘IW’ 

4. Evaluation : To assess the potential of new introductions, their performance is evaluated at 
different substations of the Bureau.  In case of those crops for which Central Research 
Institutes are functioning, e.g., rice, sugarcane, potato, Tobacco etc., the introduced materials 
are evaluated and maintained by these institutes.  The resistance to diseases and pests is 
evaluated under environments favouring heavy attacks by them. 

Acclimatization : Generally, the introduced varieties perform poorly because they are often 
not adapted to the new environment.  Sometimes, the performance of a variety in the new 
environment improves with the number of generations grown there.  The process that leads to 
the adaptation of a variety to a new environment is known as acclimatization.  
Acclimatization isbrought about by a faster multiplication of those genotypes (present in the 
original population) that are better adapted to the new environment.  Thus acclimatization is 
essentially natural selection.  Variability must be present in the original population for 
acclimatization to occur.  Therefore, land varieties are likely to get acclimatized, while 
purelines are not likely to.  

 The extent of acclimatization is determined by (1) the mode of pollination, (2) the 
range of genetic variability present in the original population, and (3) the duration of life-
cycle of the crop.  Cross-pollination leads to a far greater gene recombinations than self-
pollination.  As a result cross-pollination is much more helpful in acclimatisation than self-
pollination.  

5. Multiplication and Distribution : Promising introductions or selections from the 
introductions may be increased and released as varieties after the necessary trials.  most of the 
introductions, however, are characterized for desirable traits and are maintained for future 
use.  Such materials are used in crossing programmes and are readily supplied by the bureau 
on request. 

PURPOSE OF PLANT INTRODUCTION 
 
 The main purpose of plant introduction is to improve the plant wealth of the country.  

The chief objectives of plant introduction may be grouped as follows. 

To Obtain An Entirely New Crop Plant.  Plant introductions may provide an entirely new 

crop species.  Many of our important crops, e.g., Maize, potato, tomato, Tobacco, etc., are 

introductions.  Some recently introduced crops are Soybean, gobhi sarson,  oil palm etc. 
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To Serve as New Varieties. Sometimes introductions are directly released as superior 

commercial varieties.  The Maxican semidwarf wheat varieties Sonora 64 and Lerma Rojo, 

semidrawf rice varieties TN 1, IR-8 and  IR-36 are more recent examples of this type. 

To Be Used in Crop Improvement. Often the introduced material is used for hybridization 

with local varieties to develop improved varieties.  Pusa Ruby tomato was derived from a 

cross between Meeruty and Sioux, an introduction from U.S.A.  

To Save the Crop from Diseases And Pests. Sometimes a crop is introduced into a new area 

to protect it from diseases and pests.  Coffee was introduced in South America from Africa to 

prevent losses from leaf rust. Hevea rubber, on the other hand, was brought to Malaya from 

South America to protect it from a leaf disease. 

For Scientific Studies. Collections of plants have been used for studies on biosystematics, 

evolution and origin of plant species.  N.I. Vavilov developed the concept of centres of origin 

and that of homologous series in variation from the study  of a vast collection of plant types. 

For Aesthetic Value.  Ornamentals, shrubs and lawn grasses are introduced to satisfy the 

finer sensibilities of man.  These plants are used for decoration and are of great value in 

social life. 

Varieties Selected from Introductions. Many varieties have been developed through 

selection from introductions.  Two varieties of wheat, Kalyan Sona and Sonalika, were 

selected from introductions from CIMMYT, Mexico.   

Varieties Developed through Hybridization . Introductions have contributed immensely to 

the development of crop varieties through hybridization.  All the semidwarf wheat varieties 

are derived from crosses with Mexican semi-dwarf wheats.  All but few semidwarf rice 

varieties possess the dwarfing gene from Dee-geo-woo-gen through either TN1 or IR 8.  Thus 

almost all these semi-dwarf wheat and rice varieties have been developed from crosses 

involving introductions.   All the sugarcane varieties have been derived from the introduced 

noble canes. 

 Other examples of varieties developed through hybridization with introductions are 

pusa Ruby tomato obtained from a cross between Meeruti and Sioux ; Pusa Early Dwarf 

Tomato derived from the cross Meeruti x Red Cloud ; Pusa Kesar carrot, Pusa Kanchan 

turnip etc. 

Merits of Plant Introduction 
1. It provides entirely new crop plants. 

2. It provides superior varieties either directly or after selection & hybridization. 
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3. Introduction and exploration are the only feasible means of collecting germplasm and 

to protect variability from genetic erosion. 

4. It is very quick & economical method of crop improvement, particularly when the 

introductions are released as varieties either directly or after a simple selection. 

5. Plants may be introduced in new disease free areas to protect them from damage, e.g., 

coffee and rubber. 

Demerits of Plant Introduction 
 The disadvantages of plant introduction are associated with the introduction of weeds, 

diseases and pests.    

Germplasm Collections 

 The sum total of hereditary material or genes present in a species is known as the 

germplasm of that species.  Therefore, a germplasm collection is the collection of a large 

number of genotypes of a crop species and its wild relatives.  Germplasm collections are also 

known as gene banks (or world over the world).  Furthe r, germplasm collections furnish the 

richest source of variability.  Crop improvement would ultimately depend upon the 

availability of this variability to be utilized in breeding programmes. 

 With the modernization of agriculture, large tracts of land have  been put under 

pureline varieties of self-pollinated crops and hybrid varieties of cross-pollinated species.  

This has led to a gradual disappearance of local or land varieties (‘desi’ varieties) and open-

pollinated varieties -both reservoirs of considerable variability.  Cultivation and grazing are 

gradually destroying many wild species and their breeding grounds.  Wild relatives of crops 

may be eliminated by introduced species of weedy nature or even by the cultivated forms 

derived from them.  The gradual loss of variability in the cultivated forms and in their wild 

relatives is referred to as genetic erosion.  This variability arose in nature over an extremely 

long period of time and, if lost, would not be reproduced during a short period. 

 Most of the countries are greatly concerned about genetic erosion.  The establishment 

of IBPGR to coordinate germplasm conservation activities throughout  the world reflects this 

concern.  Germplasm collections are being made and maintained to conserve as many 

genotype as possible.  The germplasm collections contain land varieties, various wild forms, 

primitive races, exotic collections and highly evolved varieties.  Some of the important 

germplasm collections are listed below. 

1. Institute of Plant Industry, Leningard.  It has 1,60,000 entries of crop plants. 

2. Royal Botanic Gardens, Kew, England, It has over 45,000 entries. 
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3. Bellsville, U.S.A., maintains germplasm collections of small grain crops. 

4. World collections of some of the crops are maintained at the following places. 

i) Sugarcane.  Canal Point, Florida, U.S.A. and Sugarcane Breeding Institute, 
Coimbatore (2,800 entries). 

ii) Groundnut.  Bambey, Senegal (Africa). 
iii)  Potato.  Cambridge, U.K. and Wisconsin, U.S.A. 
iv)  Annual New World Cottons.  Near Tashkent, U.S.S.R. 
v) Coffee.  Ethiopis (Africa). 
vi)  Sweet Potatoes.  New Zealand 

5. The National Bureau of Plant Genetic Resources, New Delhi, is maintaining large 

collections of Sorghum, Pennisetum, wheat, barley, oats, rice, Maize and other 

agricultural and horticultural crops.  For example, groundnut collection is maintained 

at Junagarh, Cotton at Nagpur, Potato at Simla, Tobacco at Rajahmundhry, tuber 

crops (other than potato) at Trivandrum etc. The  Cotton collection maintained at 

Central Institute for Cotton Research (CICR, Nagpur) are as follo ws ; Gossypium 

hirsutum-4,100 entries ; G. barbadense-300 entries ; G. arboreum-1755 entries ; G. 

herbaceum-393 entries (1991). 

6. IRRI, Philippines, is maintaining 42,000 rice strains and varieties.  More than 15,000 
entries are maintained at CRRI,  Cuttack.  

7. The various International Institutes are building up and maintaining collections of 
many species. 

Seeds of most species lose viability quickly.  Consequently, germplasm collections have 

to be grown every few years.  (1) Growing, harvesting and storing large collections is a costly 

affair requiring much time, labour, land and money.  (2) There is also risk of errors in 

labeling.  (3) The genotypic constitution of entries may also change, particularly when they 

are grown in environments considerably different from that to which they are adapted.  This 

is particularly true in case of cross-pollinated species and for local varieties of self-pollinated 

species.  These difficulties may be considerably reduced by cold storage of seeds.  Seeds of 

most of the plant species can be stored for 10 years or more at low temperatures and low 

humidity.  Thus the entries could be grown every 10 years or so instead of every one or two 

years.  Cold storage facilities are being utilized at Fort Collins, U.S.A and at IRRI, 

Phillippines, NBPGR has developed cold storage facilities for germplasm maintenance this is 

known as National Germplasm Repository. 

Gene Sanctuaries. It has been proposed that within the centres of origin areas of the greatest 

diversity should be demarcated and protected from human disturbances.  In such areas, the 

evolutionary potential of the local populations and the environment would be preserved.  This 

would not only preserve variability in these populations, but would also allow evolution to 
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continue and create new types.  NBPGR proposes to establish gene sanctuaries in Meghalaya 

for Citrus, and in the North-Eastern Region for Musa, Citrus, Oryza, Saccharum and 

Mangifera. 

Thus a gene sanctuary may be defined as an area of diversity protected from human 
interference.  A gene sanctuary conserves the germplasm in-situ, within the environment 
where it naturally grows.  This not only conserves the germplasm with very little labour and 
expense, but also permits evolution to proceed on its natural course.  This allows the 
appearance of new gene combinations and new alleles not present in the preexisting 
population.  

Exploration: Explorations are trips for the purpose of collection of various forms of crop 

plants and their related species.  Explorations generally cover those areas that are likely to 

show the greatest diversity of forms.  The centres of origin are such areas and are often 

visited by various exploration teams.  In addition to wild forms, land races and open-

pollinated varieties are also collected.  Exploration is the primary source of all the germplasm 

maintained in germplasm collections. 

Lecture No. 7  

SELECTION 

 Selection is basic to any crop improvement.  Isolation of desirable plant types from 

the population is known as selection.  It is one of the two fundamental steps of any breeding 

programme viz., 1. creation of  variation and 2.  Selection.   There are two agencies involved 

in carrying out selection : one is Nature itself  (Natural selection) and the other is man 

artificial selection.  Though both may complement each other in some cases, they are mostly 

opposite in direction since their aims are different under the two conditions (nature and 

domestication). The effectiveness of selection primarily depends upon the degree to which 

phenotype reflects the genotype.  

 Before domestication, crop species were subjected to natural selection.  The basic for 

natural selection was adaptation to the prevailing environment.  After domestication man has 

knowingly or unknowingly practiced some selection.  Thus crop species under domestication 

were exposed to both natural and artificial selection i.e. selection by man.  For a long period, 

natural selection played an important role than selection by man.  But in modern plant 

breeding methods natural selection is of little importance and artificial selection plays an 

important role. 

Basic Principles of Selection : Notwithstanding the highly complex genetic situation 

imposed by linkage and espistasis, there are just three basic principles of selection (Walker, 

1969) : 
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1. Selection operates on existing variability : The main function of the selection 

exercise is to discriminate between individuals.  This is possible only when sufficient 

variation is present in the material subjected to selection pressure.  Thus, selection 

acts on the existing variation it cannot create new variation. 

2. Selection acts only through heritable differences : only the selected individuals are 

permitted to contribute to the next genetion / progenies.  Therefore, should there be 

greater influence of non-heritable agencies on the individuals selected, the parent-

progeny correlation will be greatly vitiated.  Hence the variation among individuals to 

be selected must be genetic in nature, since it is the genetic variation that tends to 

close the gap between phenotype and genotype.  Environmental variability cannot be 

of any use under selection.  

3. Selection works because some individuals are favoured in reproduction at the 

expense of others  : As a consequence of its past evolutionary history and breeding 

struc ture, a population or a crop consists of highly genetically variable individuals 

with regards to such diverse phenomena as differential viability, differential maturity, 

differences in mating tendencies, fecundity, and duration of reproductive capacity.  

Hence some individuals tend to become superior to others for some or other traits 

desirable under domestication.  These superior individuals are retained for 

reproduction while others discarded under selection. 

Selection has two basic characterics viz.  

1. Selection is effective for heritable differences only.   

2. Selection does not create any new variation.  It only utilizes the variation already 

present in a population.   

The two basic requirements for select on to operate are  :  

1. Variation must be present in the population.   

2. The variation should be heritable. 

Selection intensity : Parcentage of plants selected, to be advanced to next generation, from a 

population.  

Selection intensity I) It is the amount of selection applied expressed as the proportion of the 

population favoured (selected).  The selection intensity is inversely proportional to the 

percentage proportion selected (PS), as reflectedin Table 1.  
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Table 1 : Relationship between selection intensity and proportion of 
population selected 
Selection intensity 

(i) 

2.64 2.42 2.06 1.76 1.40 1.16 0.97 0.80 0.34 0 

% selected (PS) 1% 2% 5% 10% 20% 30% 40% 50%  80% 100%  

 

 Thus, larger the size of I, more stringent is the selection pressure (hence low fraction 

is selected) and vice versa.  Then, no selection means all the members of a population are 

allowed to reproduce (I=0, PS=100%), and zero selection means the whole population is 

rejected (PS=0).  However, in real selection experiments, as the desired alleles become 

preponderant after each cycle of selection, I is also changed. 

 The I is of the greatest consequence is bringing about changes in the gene frequency 

under selection.  However, since the latter does not mean undue loss of desirable alleles, or 

undue load of population size, the choice of an arbitrary value of I may be hazardous in a 

plant breeding programme.  The small size of I (i.e. low selection pressure) may cause a large 

population size to be handled in the next generation, which will unnecessarily be taxing  on 

time and resources.  On the other hand, a large size of I (high selection pressure) might cause 

allelic erosion due to genetic drift (i.e. changes in gene frequencies due to sampling error, or 

small sample size under selection in a finite population not due to genetic causes).  Therefore, 

an appropriate level of I should be chosen based upon the range of variability present in the 

population subjected to selection.  

 The I=2.06 to 1.76 (i.e. around 5-10 per cent of individuals selected) has generally 

been found appropriate in plant populations.  However, the limit of selection intensity is set 

by two factors : (i) population size, and (ii) inbreeding.  Under natural selection, selection 

intensity is expressed as the relative number of offsprings produced by different genotypes, 

and is termed as selection coefficient. 

Selection differential : Difference between the mean of the population and mean of the 

selected individuals.  Expressed in terms of standard deviation and is designated as ‘S’ 

Selection differential (S) S is the average superiority of selected individuals over the mean of 

population of their origin.  It is considered in the same parental generation before selection is 

made.  An arbitrary culling level, k(i.e. I) is fixed for a trait and individuals beyond that level 

are selected.  The average of all such selected individuals can be designated by X.  then the 

mean of selected individuals (X) exceeds the parental population mean by the measure of S. 
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That is S=X-µ.  Therefore, wider the phenotypic variability (i.e. phenotypic variance,    and 

phenotypic standard deviation,    that measures variability), greater is the possibility of S 

being large. 

Heritability : In crop improvement, only the genetic component of variation is important 

since only this component is transmitted to the next generation.  The ratio of genetic variance 

to the total variance i.e. phenotypic variance is known as heritability.  

 H = Vg / Vp 

Vp = Vg+Ve Where Vp = phenotypic variance 

   Vg = genotypic variance 

   Ve + error variance of environmental variance 

 Heritability estimated from the above formula is known as the broad sense 

heritability.  This is valid when homozygous lines are studied.  But when segregating 

generations are studied genotypic variance consists of (a) additive variance (b) dominance 

variance (c) and variance due to epistasis. 

 Dominance variance is important when we are dealing with hybrids i.e. F1 

generations.  In self pollinated crops we release varieties only after making them homozygous 

lines.  Hence additive variance is more important in such cases.  The proportion of additive 

genetic variance to the total variance is known as narrow sence heritability. 

 If heritability is very high for any character it can be improved.  Improvement of 

characters with low heritability is very difficult. 

Genetic Advance : Genetic advance  is the difference between the mean of the selected 

plants in the original population and the mean of the progeny raised from the selected plants 

in the next generation.  It can be predicted by the following formula. 

 Genetic advance(GA)  =   s P * H * K 

  K = selection intensity 2.06 when 5% of the population is selected 

  P =  phenotypic standard deviation of the character in the population 

  H = heritability in broadsense 

 

Lecture No. 8  

MASS SELECTION 
 It is the earliest method of selection. Man has always practiced mass selection 

consciously or unconciously from the time of domestication.  In its most basic form mass 

selection consists of selecting individuals on the basis of phenotypic superiority and mixing 

the seeds for using as planting material for next season. 
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Procedure for evolving variety by mass selection 
First year : Large number of phenotypically similar plants having desirable characters are 

selected.  The number may vary from few hundred to few thousand.  The seeds from the 

selected plants are composited to raise the next generation.  

Second year : composited seed planted in a preliminary field trial along with standard 

checks.  The variety from which the selection was made should also be included as check.  

Phenotypic characterlistics of the variety are critically examined and evaluated.  

Third to sixth year :  The variety is evaluated in coordinated yield trials at several locations.  

It is evaluated in an initial evaluation (IET) trial for one year.  If found superior it is promoted 

to main yield trials for 2 or 3 years. 

Seventh year : if the variety is proved superior in main yield trials it is multiplied and 

released after giving a suitable name. 

Modification of mass selection 
 Mass selection is used for improing a local variety.  Large number of plants are 

selected (I year) and individual plant progenies are raised (II year).  Inferior, segregating 

progenies are reflected.  Uniform, superior rows are selected and the seed is bulked.  

Preliminary yield trials are conducted in third year.  Fourth to seventh year multilocation tests 

are conducted and seed is multiplied in eight year and distributed in ninth year.  Many other 

modifications also are followed depending on the availability of time and purpose for ehich it 

is used. 

Merits of Mass selection : 

1. Can be practiced both in self and cross pollinated crops 

2. The varieties developed through mass selection are more widely adopted than pure 

lines. 

3. It retains considerable variability and hence further improvement is possible in future 

by selection 

4. Helps in preservation of land races 

5. Useful for purification of pureline varieties 

6. Improvement of characters governed by few genes with high heritability is possible. 

7. Less time consuming and less expensive. 

Demerits of mass selection 
1. Varieties are not uniform 

2. Since no progeny test is done, the genotype of the selected plant is not known 
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3. Since selection is based on phenotype and no control over pollination the 

improvement brought about is not permanent.  Hence, the process of mass selection 

has to be repeated not and then.  

4. Characters which are governed by large number of genes with low heritability can not 

be improved. 

5. It can not create any new genotype but utilizes existing genetic variability. 

Achievements  

 Mass selection must have been used by pre historic man to develop present day 

cultivated cross from their wild parents.  It was also used extensively before pureline 

selection came into existence. 

Cotton : Dharwad American Cotton 

Groundnut : TMV-1 & TMV-2 

Bajra : pusa moti, Baja puri, Jamnagar gaint, AF3 

Sorghum : R.S. 1 

Rice : SLO 13, MTU-15 

Potato : K122  

 

Lecture No 9  
   JOHANNSEN’S PURE LINE THEORY  
 

The pure line theory 
 A pureline is a progeny of a single homozygous plant of a self-pollinated species.  All 

the plants of a pureline have the same genotype.  The phenotypic differences within a 

pureline is due to environment. Therefore variation within a pureline is not heritable. Hence 

selection in a pureline is not effective. 

 The concept of pureline was proposed by Johannsen in  1903 on the basis of his 

studies with princess variety of beans (Phaseolus vulgaris).  From a commercial seed lot he 

selected seeds of different sizes and grew them separately.  The progenies differed in seed 

size.  Progenies from larger seeds produced larger seeds than those obtained from smaller 

seeds.  This clearly showed that the variation in seed size in the commercial seed lot of 

princess variety had a genetic base.  As a result selection for seed size was effective. 

Johannsen further studied 19 lines, each line was a progeny of a single seed from the original 

lot. He discovered that  each line showed a characteris mean seed weght, rangin from 640mg 
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in Line No 1 to 350 mg in line No 19. the seed size within a line showed some variation, 

which was much smaller than that in the original commercial seed lot. Johannsen postulated 

that the original seed lot was a mixture of purelines. Thus each of the 19 lines represented a 

pureline, and the variation in seed size within each of the urelines had no genetic basis and 

was entirely due to environment. 

Confirmatory evidence was obtained in three ways.  

In the first case , he classified the seed from each pureline into 100 mg classes, and grew 

them separately. The mean seed weight of progenies from different seed weight class of a 

single pure line were comparable with each other, and with that of the parent pureline. For 

example Line no 13 had seed size classes of 200 , 300, 400, and 500 mg. The mean seed 

weights of the progenies derived from these seed weight classes were 475, 450, 451 and 458 

mg respectively. 

The second line of evidence came from selection within a pureline. From each pureline, 

the largest and the smallest seeds were selected to raise the next generation. In the subsequent 

generations, large seeds  were selected in the progenies obtained from large seeds while in 

these from small seeds selection was done fro small seeds. Six generations of selection was 

ineffective in increasing or decreasing the seed size. For example, after 6 generations of 

selection, the mean seed weight in Line No 1 was 690 and 680 mg in the progenies selected 

for small and large seeds respectively. Thus selection within a pureline was ineffective. 

The third approach was to estimate parent offspring correlation. The value of parent 

offspring correlation within line no 13 was – 0.018+ 0.038, that is, zero, while it was 0.336 + 

0.008 in the original seed lot of the Princess which is highly significant.  The parent -offspring 

correlation will be zero when the variation is nonheritable , while it will be significantly 

greater than zero when the variation has a genetic basis, i.e., is heritable. 

These observations reveal that the variation for seed size in the original seed lot of 

Princess had a genetic basis and was heritable.  But the variation within the purelines 

obtained  from the single seeds selected from this seed lot was purely due to the environment 

and, therefore, non-heritable.   

The two main conclusions from the Johannsens’ experiment are, 

1. A self -fertilized population consists of a mixture of several homozygous genotypes.  

Variation in such a population has a genetic component, and therefore selection is 

effective. 

2. Each individual plant progeny selected from a self-fertilized population consists of 

homozygous plants of identical genotype.  Such a progeny is known as pureline.  The 
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variation within a pureline is purely environmental and, as a result, selection within a 

pureline is ineffective. 

 

The two main conclusions of Johannsen’s experiment are  

1. Selection is effective in population since it contains a mixture of several genotypes. 

2. Selection is ineffective in a pureline, since it is a progeny of single, self fertilized 

homozygous individual. 

Origin of variation in pure lines 
 Pure lines show genetic variation after some time because of the following reasons. 

1. Mechanical Mixture : During cultivation, harvesting threshing and storage, other 

genotypes may get mixed up.  

2. Natural hybridization: Through pure lines are produced in self pollinated crops, 

some amount of natural cross pollination occurs in them also can be avoided by 

isolation and rouging.  

3. Mutation: occur spontaneously in nature at random 

 

Characters of purelines 
1. All the plants within a pureline have the same genotype 

2. The variation within a pureline is environmental and non-heritable  

3. Purelines are stable  

The progeny test 
 Evaluation of the worth of plants on the basis of performance of their progenies is 

known as progeny test.  This was developed by Louis de vilmorin and so it is also known as 

the vilmorin Isolation principle.  Vilmorin worked on sugar beat plants. The progeny test 

serves two valuable function; 

1. Determines the breeding behaviour of a plant i.e. whether it is homozygous or 

heterozygous. 

2. Whether the character for which the plant was selected is heritable i.e. is due to 

genotype or not.  Selections have to be based or phenotype and so it is necessary to 

know the genotype of the selected plant. 
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Genetic basis of pure line 
 Self pollination increases homozygosity with a corresponding decrease in 

heterozygosity.  The effect of homozygosity and heterozygosity may be illustrated by taking 

an individual heterozygous for (Aa) a single gene as follows 

 

Frequency % Frequency % No of 

generations 

of selfing  

AA Aa aa Homo- 

zygosity 

Hetero - 

zygosity 

1 0 100 0 0 100 

2 25 50 25 50 50 

3 37.5 25 37.5 75 25 

4 43.75 12.5 43.75 87.5 12.5 

5 46.875 6.25 46.875 93.73 6.25 

6 48.437 3.125 48.437 96.874 3.125 

7 49.218 1.562 49.218 98.436 1.562 

8 49.608 0.781 49.608 99.216 0.781 

9 49.803 0.39 49.803 99.606 0.39 

 

Proportion of completely homozygous plants in the population 

[(2m – 1) / 2m]n 

m = No. of generations of self pollination  

n = No. of genes segregating  

Suppose an individual heterozygous for a single gene (Aa) and the successive 

generations derived from it are subjected to self-pollination.  

 Every generation of self -pollination will reduce the frequency of heterozygote Aa to 

50 per cent of that in the previous generation. 

 There is a corresponding increase in the frequency of the two homozygotes AA and 

aa. As a result, after 10 generations of selfing, virtually all the plants in the population would 

be homozygous, i.e., AA and a. 

 On the other hand, the frequency of heterozygote Aa would be only 0.097 per cent, 

which is negligible. It is assumed here that the three genotypes AA, Aa and aa have equal 

survival. If there is unequal survival, it may increase or decrease the rate at which 

homozygosity is achieved. If Aa is favoured, the rate of increase in homozygosity would be 

lower than expected.  
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 But if Aa is selected against, homozygosity would increase at a faster rate than 

expected.  

 

Pureline selection 
 Pureline selection has been the most commonly used method of improvement of self 

pollinated crops.  Almost all the present day varieties of self pollinated crops are purelines.  

Pureline selection has several applications in improvement of self pollinated crops.  It is used 

to improve. 

1. Local varieties 

2. Old pureline varieties and 

3. Introduced varieties 

General procedure for evolving a variety by pureline selection 
The pureline selection has three steps. 

1. Selection of individual plants from a local variety or some other mixed population. 

2. Visual evaluation of individual plant progenies and  

3. Yield trials 

1. Selection 

First year : A large number of plants (200-3000) which are superior than the rest are 

selected from a local variety or mixed population and harvested separately (in some 

cases individual heads or stems may be selected).  The number of plants to be selected 

depends upon the breeder’s discretion but should be as large as possible in view of the 

available time, land, funds, labour etc.  It is advisable to select for easily observable 

characters such as flowering, maturity, disease resistance, plant height etc. 

II. Evaluation : 

Second year:  Progenies of individual plants selected in 1st year are grown separately 

with proper spacing (plant to row or head to row).  The progenies are evaluated by 

taking elaborate date on visual characters such as plant height, duration, grain type, 

ear characters besides yield.  The number of progenies should be reduced as much as 

possible. Disease epiphytotics may be created to test the progenies for disease 

resistance, poor, weak, diseased, insect attacked and segregating progenies are 

rejected.  The superior progenies are harvested separately.  If necessary the process 

may be repeated for one or more years. 

III. Yield trials : 
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Third year : The selected progenies, now called as cultures are grown in replicated 

trial for critical evaluation of yield etc.  The best local variety is used as a check and 

should be grown at regular intervals, after every 15 or 20 cultures for comparision.  

This is known as preliminary yield trial. 

 Superior cultures based on observable characters and yield are selected.  The 

number is drastically reduced. 

Fourth & Fifth years : The superior cultures are tested against the local checks in 

yield trials.  Observations are recorded on many characters like diseases resistance, 

days to flower, days to maturity, height of the plant ear characters, test weight and 

yield.  The data is subjected to statistical analysis to identify really superior cultures.  

If necessary the trials may be extended for one more year or season.  Inferior culture 

are rejected and a few (4-5) promising cultures are selected. 

Sixth, Seventh and Eighth years: The promising cultures selected are evaluated at 

several locations along with strains or cultures of other breeders and local checks.  

One or two promising cultures are selected.  

Ninth year: The best progeny identified earlier is multiplied, named and released as a 

variety for official release of any variety (approval from the variety releasing 

committee of the state or central is necessary). 

Advantage of pureline selection 
1. The purelines are extremely uniform since all the plants in the variety will 

have the same genotype. 

2. Attractive and liked by the farmers and consumers. 

3. Purelines are stable and long test for many years. 

4. Due to its extreme uniformity the variety can be easily identified in seed 

certification programmes. 

Limitations or disadvantages of pureline selection 
1. New genotypes are not created by pureline selection 

2. Improvement is limited to the isolation of the best genotype present in 

population.  No more improvement is possible after isolation of the best 

available genotype in the population. 

3. Selection of purelines require great skill and familiarity with the crop. 

4. Difficult to detect small differences that exist between cultures 

5. The breeder has to devote more time 
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6. Pure lines have limited adaptability hence can be recommended for cultivation 

in limited area only. 

Achievements : 

 Several varieties developed by pureline selection were released in many crops.  

Some examples are given below  

Rice : Mtu-1, Mtu-3, Mtu-7, Bcp-1, Adt-1, 3, 5, and 10 

Sorghum : G 1 & 2, M 1 & 2, OO 1, 4 & 5,  

Groundnut : TMV 3, 4, 7, 8 and Kadiri 71-1 

Redgram : TM-1, ST-1  

Chillies : G1 & G2  

Ragi : AKP 1 to 7 
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Differences between Mass and Pureline selections 

S. No. Mass selection Pureline selection 

1 Used both in self and cross pollinated crops Practiced in self pollinated crops only 

2 Large number of plants are selected Comparatively less number of plants 

are selected 

3 The produce of the selected plants is mixed 

and sown as such in next year 

Produce of individual plants is kept 

separate and progeny rows are raised 

next year 

4 No control of pollination Pollination is controlled 

5 Variety developed is heterozygous and not 

uniform 

Variety is homozygous homogeneous 

and uniform 

6 Due to heterozygosity the variety deteriorates 

quickly 

Due to homozygosity the variety lasts 

long 

7 The method has to be repeated once in 2-3 

years to purify the variety 

No need to repeat 

8 Wider adaptability due to heterozygosity Narrow adaptability due to 

homozygosity 

9 No knowledge of science is required.  It is 

more an art. 

Knowledge of science and genetics is 

required 

10 Selection within a variety is effective Selection with in a pureline variety is 

not effective  

11 The variety is relatively difficult to identify It is relatively easy to identify in seed 

certification programmes. 

 

 

Lecture No 10  

GENETIC BASIS OF PURE LINE 
 
 Self pollination increases homozygosity with a corresponding decrease in 

heterozygosity.  The effect of homozygosity and heterozygosity may be illustrated by taking 

an individual heterozygous for (Aa) a single gene as follows 
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Frequency % Frequency % No of 

generations 

of selfing  

AA Aa aa Homo- 

zygosity 

Hetero - 

zygosity 

1 0 100 0 0 100 

2 25 50 25 50 50 

3 37.5 25 37.5 75 25 

4 43.75 12.5 43.75 87.5 12.5 

5 46.875 6.25 46.875 93.73 6.25 

6 48.437 3.125 48.437 96.874 3.125 

7 49.218 1.562 49.218 98.436 1.562 

8 49.608 0.781 49.608 99.216 0.781 

9 49.803 0.39 49.803 99.606 0.39 

 

Proportion of completely homozygous plants in the population 

[(2m – 1) / 2m]n 

m = No. of generations of self pollination  

n = No. of genes segregating  

Suppose an individual heterozygous for a single gene (Aa) and the successive 

generations derived from it are subjected to self-pollination.  

 Every generation of self -pollination will reduce the frequency of heterozygote Aa to 

50 per cent of that in the previous generation. 

 There is a corresponding increase in the frequency of the two homozygotes AA and 

aa. As a result, after 10 generations of selfing, virtually all the plants in the population would 

be homozygous, i.e., AA and a. 

 On the other hand, the frequency of heterozygote Aa would be only 0.097 per cent, 

which is negligible. It is assumed here that the three genotypes AA, Aa and aa have equal 

survival. If there is unequal survival, it may increase or decrease the rate at which 

homozygosity is achieved. If Aa is favoured, the rate of increase in homozygosity would be 

lower than expected.  

 But if Aa is selected against, homozygosity would increase at a faster rate than 

expected.  
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Pureline selection 
 Pureline selection has been the most commonly used method of improvement of self 

pollinated crops.  Almost all the present day varieties of self pollinated crops are purelines.  

Pureline selection has several applications in improvement of self pollinated crops.  It is used 

to improve. 

4. Local varieties 

5. Old pureline varieties and 

6. Introduced varieties 

General procedure for evolving a variety by pureline selection 
The pureline selection has three steps. 

4. Selection of individual plants from a local variety or some other mixed population. 

5. Visual evaluation of individual plant progenies and  

6. Yield trials 

2. Selection 

First year : A large number of plants (200-3000) which are superior than the rest are 

selected from a local variety or mixed population and harvested separately (in some 

cases individual heads or stems may be selected).  The number of plants to be selected 

depends upon the breeder’s discretion but should be as large as possible in view of the 

available time, land, funds, labour etc.  It is advisable to select for easily observable 

characters such as flowering, maturity, disease resistance, plant height etc. 

II. Evaluation : 

Second year:  Progenies of individual plants selected in 1st year are grown separately 

with proper spacing (plant to row or head to row).  The progenies are evaluated by 

taking elaborate date on visual characters such as plant height, duration, grain type, 

ear characters besides yield.  The number of progenies should be reduced as much as 

possible. Disease epiphytotics may be created to test the progenies for disease 

resistance, poor, weak, diseased, insect attacked and segregating progenies are 

rejected.  The superior progenies are harvested separately.  If necessary the process 

may be repeated for one or more years. 

III. Yield trials : 

Third year : The selected progenies, now called as cultures are grown in replicated 

trial for critical evaluation of yield etc.  The best local variety is used as a check and 
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should be grown at regular intervals, after every 15 or 20 cultures for comparision.  

This is known as preliminary yield trial. 

 Superior cultures based on observable characters and yield are selected.  The 

number is drastically reduced. 

Fourth & Fifth years : The superior cultures are tested against the local checks in 

yield trials.  Observations are recorded on many characters like diseases resistance, 

days to flower, days to maturity, height of the plant ear characters, test weight and 

yield.  The data is subjected to statistical analysis to identify really superior cultures.  

If necessary the trials may be extended for one more year or season.  Inferior culture 

are rejected and a few (4-5) promising cultures are selected. 

Sixth, Seventh and Eighth years: The promising cultures selected are evaluated at 

several locations along with strains or cultures of other breeders and local checks.  

One or two promising cultures are selected.  

Ninth year: The best progeny identified earlier is multiplied, named and released as a 

variety for official release of any variety (approval from the variety releasing 

committee of the state or central is necessary). 

Advantage of pureline selection 
1. The purelines are extremely uniform since all the plants in the variety will 

have the same genotype. 

2. Attractive and liked by the farmers and consumers. 

3. Purelines are stable and long test for many years. 

4. Due to its extreme uniformity the variety can be easily identified in seed 

certification programmes. 

Limitations or disadvantages of pureline selection 
7. New genotypes are not created by pureline selection 

8. Improvement is limited to the isolation of the best genotype present in 

population.  No more improvement is possible after isolation of the best 

available genotype in the population. 

9. Selection of purelines require great skill and familiarity with the crop. 

10.  Difficult to detect small differences that exist between cultures 

11.  The breeder has to devote more time 

12.  Pure lines have limited adaptability hence can be recommended for cultivation 

in limited area only. 
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Achievements : 

 Several varieties developed by pureline selection were released in many crops.  

Some examples are given below  

Rice : Mtu-1, Mtu-3, Mtu-7, Bcp-1, Adt-1, 3, 5, and 10 

Sorghum : G 1 & 2, M 1 & 2, OO 1, 4 & 5,  

Groundnut : TMV 3, 4, 7, 8 and Kadiri 71-1 

Redgram : TM-1, ST-1  

Chillies : G1 & G2  

Ragi : AKP 1 to 7 

Differences between Mass and Pureline selections 
S. No. Mass selection Pureline selection 

1 Used both in self and cross pollinated crops Practiced in self pollinated crops only 

2 Large number of plants are selected Comparatively less number of plants 
are selected 

3 The produce of the selected plants is mixed 

and sown as such in next year 

Produce of individual plants is kept 

separate and progeny rows are raised 

next year 

4 No control of pollination Pollination is controlled 

5 Variety developed is heterozygous and not 

uniform 

Variety is homozygous homogeneous 

and uniform 

6 Due to heterozygosity the variety deteriorates 

quickly 

Due to homozygosity the variety lasts 

long 

7 The method has to be repeated once in 2-3 

years to purify the variety 

No need to repeat 

8 Wider adaptability due to heterozygosity Narrow adaptability due to 

homozygosity 

9 No knowledge of science is required.  It is 

more an art. 

Knowledge of science and genetics is 

required 

10 Selection within a variety is effective Selection with in a pureline variety is 
not effective  

11 The variety is relatively difficult to identify It is relatively easy to identify in seed 
certification programmes. 
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Lecture No 11 
BIOMETRICS – COMPONENTS OF GENETIC VARIATION 

 
Biometry or biomatrics is the science thatdeals with the application of statistical procedures 

to the study of biological problems. 

Biometrical genetics or Quantitative genetics is that branch of genetics, which attempts to 

unravel the inheritance of quantitative traits using statistical concepts and procedure. 

INTRODUCTION : 

 The two basic requirements of Plant Breeding are the presence of genetic variation 

and exploitation of this variation through selection.  The selection of plants from a population 

is almost always based on their phenotype.  Phenotype has both heritable and nonheritable 

components.  The heritable component is due to the genes present in plants, that is genotype.  

The non-heritable component consists of the effects of environment.  The value of progeny 

obtained from a selected plant, therefore, would largely depend upon therelative contributions 

by the heritable and the non-heritable components to its phenotype.,  clearly, the breeder 

should be thoroughly familiar with the laws of inheritance and the relative importance of the 

genotype and the environment in determining the concerned phenotype. 

Qualitative and Quantitative characters : 

 Some characters are little affected by other genes, i.e. the genetic back ground, or the 

environment.  Such characters are generally governed by one or few genes with large, easily 

detectable effects, such genes are known as oligogenes.  The characters produced by 

oligogenes  show distinct classes and are known as qualitative characters or olygogenic 

traits. On the other hand, the development of many characters is very much affected by the 

genetic background and, more particularly, by the environment.  These characters are 

governed by several genes with small individual effects; these genes one known as 

polygenes.  The characters produced by polygenes are referred to as quantitative 

characte rs , because they do not show clear -cut classes and have to be studied by 

measurement.  They are also called Polygenic traits  since they are governed  by polygenes. 

The inheritance of both qualitative and quantitative characters follows the laws of Mendel.   

But the effects of individual genes in the two cases are totally different in magnitude 

consequently, the techniques used to study the two types of characters are also different. 

Role of the environment in Quantitative Inheritance 
Quantitative characters are considerably affected by environment.  The main result of this 

effect is that the relationship between genotype and phenotype is partially or completely 

hidden i.e. the phenotype doesnot reveal the genotype. 
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For eg: Phenotype = Genotype+ Environment  P=G+E 

If environment = 0 then phenotype = Genotype.  However the effect of environment is 

seldem zero.  So phenotype is the joint action of Genotype and Environment. 

In crop improvement, the breeder selects plants on the basis of their phenotype. 

The effectiveness of selection depend on the proportion of phenotype due to the genotype. 

Therefore, it is important to know the extent to which environment influences different 

quantitative characters. 

To estimate the effect of environment on a character, large No. of strain / genotypes are 

grown in a replicated trial and the data is subjected to analysis of variance as per the 

experimental design used.  

The genotype x Environmental interaction signifies that the relative performance of various 

genotype in effected by the environment.   For eg: Performance of genotype ‘A’ may be 

superior to the genotype ‘B’ in one environment but in another environment inferior to that of 

‘B’ 

If G X E interaction is absent, genotype ‘A’ will be superior ‘B’ in all the environments. 

BIOMETRICAL TECHNIQUES IN PLANT BREEDING 
 The biometrical techniques are useful to the plant  breeders in the following 4 

different ways. 

1. Assessment of genetic variability present in the population. – It can be assesed by  

Range, variance, standard deviation, coefficient of variation, D2 statistics, metro 

glyph analysis 

2. In the selection of elite genotypes from mixed populations – correlation, path and 

discriminant function analysis) 

3. Selection of parents and breeding procedures – diallel , partial diallel, line x tester, 

generation means, triallel by parental cross and triple test cross analysis  

4. Determining varietal adaptation – Stability analysis  

Finley and Wilkinson (1963)  

Eberhart and Russel (1966) 

Perkins and Jinks (1968) 

Freeman and Parkins (1971) 

5. AMMI – Model – Additive main effects and multiplicative interaction  

Components of Genetic variance : 

Phenotypic variance = Genotypic variance + Environment variance 

 Vp = Vg +Ve 
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Fisher (1918) divided the genotypic variance into three components : 

1. Additive 
2. Dominance 
3. Epistasis  
Later Hayman and Mather partitioned the epistatic component into three types of 
interactions – vig., 
Additive x additive ; additive x dominance and dominance x dominance 

1. Additive variance : Arises of from difference between two homozygotes for a gene 

i.e. AA and aa. It is generally represented ‘d’ 

2. Dominance variance or Intra allelic interaction:  It is due to the deviation of 

heterozygote (Aa) phenotype from the average of phenotypic values of the two 

homozygotes (AA and aa) it is represented by ‘h’. 

3. Epistasis variance or Inter allelic Interaction : Results from an interaction between 

two or more genes represented by ‘e’. 

Difference between additive and dominance variance 

It refers to difference between homozygotes 
(AA/aa) 

It refers to deviation of Aa from the mean of 
AA and aa 

Genes show lack of dominance  Genes show incomplete, complete or over 
dominance 

Associated with homozygosity and is more in 
inbreders 

Associated with heterozygosity and is more 
in outbreeders 

It is fixable  It is non-fixable  
Selection is very effective as it is fixable Selection is ineffective as it is non-fixable  
it is the chief cause of transgressive 
segregation 

It is the chief cause of heterosis 

 

Different types of gene actions involving two genes 
Component of 

genetic variance 
Specific 
symbol 

Description General 
symbol 

Additive da The different between AA and aa phynotypic 
values  

d 

 db The different between BB and bb phynotypic 
values  

 

Dominance ha The deviation of Aa phenotype from the average 
of AA and aa phenotypes  

h 

 hb The deviation of Bb phenotype from the averave 
of BB and bb phenotypes 

 

Epistasis da x db Additive x Additive effect due to interaction 
between AA & BB 

i 

 da x hb  
and 
ha x db 

Additive x dominance interaction due to 
interactions between and AA and Bb and between 
Aa and BB respectively 

j 

 ha x hb Dominance x dominance interaction due to 
interation between Aa and Bb 

l 
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Lecture No 12 

HYBRIDIZATION : TECHNIQUES AND CONSEQUENCES 
 
 The mating or crossing of two plants or lines of dissimilar genotype is known as 

hybridization.  In plants, crossing is done by placing pollen grains from one genotype, the 

male parent, on to the stigma of flowers of the other genotype, the female parent.  It is 

essential to prevent self-pollination as well as chance cross-pollination in the flowers of the 

female parent.  At the same time, it must be ensured that the pollen from desired male parent 

reaches the stigma of female flowers for successful fertilization.  The seeds as well as the 

progeny resulting from the hybridization are known as hybrid or F1.  The progeny of F1, 

obtained by selfing or intermating of F1 plants, and the subsequent generations are termed as 

segregating generations.  The term cross is often used to denote the products of hybridization, 

i.e. the F1 as well as the segregating generations. 

OBJECTIVES OF HYBRIDIZATION 
 The chief objective of hybridization is to create genetic variation.  When two 

genotypically different plants are crossed, the genes from both the parents are brought 

together in F1.  segregation and recombination produce many new gene combinations in F2 

and the later generations, i.e. the segregating generations.  The degree of variation produced 

in the segregating generations would, therefore, depend on the number of heterozygous genes 

in the F1.  This sill, in turn, depend upon the number of the genes for which the two parents 

differ.  If the two parents are closely related, they are likely to differ for a few genes only.  

But if they are not related, or are distantly related, they may differ for several, even a few 

hundred, genes.  However, it is not likely that the two parents will ever differ for all their 

genes.  Therefore, when it is said that the F1 is 100 per cent heterozygous, it has reference 

only to those genes for which the two parents differ. 

 The aim of hybridization may be the transfer of one or few qualitative characters, the 

improvement in one or more quantitative characters, or use the of 1 as a hybrid variety.  These 

objectives are briefly discussed below. 

Combination Breeding : The main aim of combination breeding is the transfer of one or 

more characters into a single variety from other varieties.  these characters may be governed 

by oligogenes or polygenes.  The intensity of the character in the new variety is either 
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comparable to or, more generally, lower that in the parent variety from which it was 

transferred.  In this approach, increase in the yield of a variety is obtained by correcting the 

weaknesses in the yield contributing traits, e.g., tiller number , grains per spike, test weight is 

that for disease resistance.  The backcross method of breeding was designed for combination 

breeding, and often pedigree method also fulfils the same purpose.  In combination breeding, 

the genetic divergence between parents is not the major consideration.  What is important is 

that one of the parents must have in a sufficient intensity the character(s) under transfer, 

while the other parent is generally a popular variety. 

Transgressive Breeding :  Transgressive breeding aims at improving yield or its 

contributing characters through transgressive segregation.  Transgressive segregation is the 

production of plants in an F2 generation that are superior to both the parents for one or more 

characters.  Such plants are produced by an accumulation of plus or favourable genes from 

both the parents as a must combine well with each other, and should preferably be genetically 

diverse, i.e., quite different.  This way, each parent is expected to contribute  different plus 

genes which when brought together by recombination give rise transgressive segregant.  As a 

result, the intensity of character in the transgressive segregant, i.e., the new variety, is greater 

than that in either of the parents.  The pedigree method of breeding and its modifications, 

particularly the population approach, are designed for the production of transgressive 

segregants. 

Hybrid Varieties : In most self-pollinated crops, F1 is more vigorous and higher yielding 

than the parents.  Wherever it is commercially feasible, F1 may be used directly as a variety.  

In such cases, it is important that the two parents should produce an outstanding F1. 

TYPES OF HYBRIDIZATION 
 The plants or lines involved in hybridization may belong to the same variety, different 

varieties of the same species, different species of the same genus or species from different 

genera.  Based on the taxonomic relationship of the two parents, hybridization may be 

classified into two broad groups :  

1. Intervarietal and 

2. Distant hybridization 

Intervarietal Hybridization : The parents involved in hybridization belong to the same 

species ; they may be two strains, varieties or races of the same spicies.  It is also known as 

intraspecific hyrbidization.  In crop improvement programmes, intervarietal hybridization is 

the most commonly used.  In fact, it is so common that it may often appear to be the only 

form of hybridization used in crop improvement.  an example would be crossing of two 
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varieties of wheat, rice or some other crop.  The intervarietal crosses may be simple or 

complex depending upon the number of parents involved. 

Simple Cross :  In a simple cross, two parents are crossed to produce the F1. The  F1 is selfed 

to produce F2 or is used in a backcross programme, e.g., 

A  X  B à F1 (A X B) 

Complex Cross : more than two parents are crossed to produce the hybrid, which is then 

used to produce F2 or is used in a backcross.  Such a cross is also known as convergent cross 

because this crossing programme aims at converging, i.e., bringing together, genes from 

several parents into a single hybrid.  A few examples of convergent cross are described in 

Fig. 7.1.  As 

Three Parents (A, B, C) 

A X B 
 
 
 

F1  (A X B)  X  C 
 
 
 

 Complex hybrid (A X B)   X C 
FOUR Parents (A, B, C, D) 

   A X B     C X D 
 
 
 
F1   (A X B)  X  (C X D) 
 
 
 
Complex hybrid   (A X B) X (C X D) 

Eight Parents (A, B, C, D, E, F, G, H) 
   A X B  C X D  E X F  G X H 
 
 
 
F1   (A X B)   X   (C X D)  (E X F)    X    (G X H) 
 
 
 
   [(A X B) X (C X D)]      X     [(E X F)   X  (G X H)] 
 
 
 
 
Complex hybrid [(A X B)  X  (C X D)]    X    [ (E X F)  X  (G X H)] 
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Fig 7.1. Complex crosses involving 3, 4 and 8 parents. 

 

Crop improvement progresses, the crop varieties would accumulate more and more 

favourable genes.  This would lead to greater similarities between even unrelated varieties. In 

view of this, it may be expected that in future complex crosses would become more and more 

important.  In breeding of highly improved self-pollinated crops like wheat and rice, complex 

crosses are a common practice today.  Complex crosses would become routine in near future 

in the improvement of other self-pollinated crops with the progress in the level of their 

improvement. 

Distant Hybridization : Distant hybridization includes crosses between different species of 

the same genus or of different genera.  When two species of the same genus are crossed, it is 

known as interspecific hybridization; but when they belong to two different genera, it is 

termed as intergeneric hybridiztion.  Generally, the objective of such crosses is to transfer one 

or few simply inherited characters like disease resistance to a crop species.  Sometimes, 

interspecific hybridization may be used for developing a new variety, e.g., Clintonoat variety 

was developed from a cross between Avena sativa x A. byza ntina (both hexaploid oat 

species), and CO 31 rice variety was developed from the cross Oryza sativa var. indica x O. 

perennis.  Almost al the present-day sugarcance varieties have been developed from complex  

crosses between Saccharum officinarum (noble canes), S. barberi (Indian canes) and other 

Saccharum species, e.g., S. spontaneum (Kans.).  The improvement in fiber length of Indian 

Cotton (Gossypium arboreum) has been brought about by crossing it with American 

cultivated Cotton ; many improved varietie s have resulted from such crosses.   Intergeneric 

hybridization may also be used to develop a new crop species, e.g., Triticale from a cross 

between Triticum sp. And Secale cereale (rye).  Wild species often provide genes which are 

not present in the cultivated species.  For example, many of the genes for rust resistance in 

wheat are derived from related wild species.  Distant hybridization is  likely to become 

increasingly important in the correction of specific defects of crop species.  In many cases, 

wild species may contribute valuable ‘yield genes’ as well to the cultivated species. 

Pre-requisites for hybridization 
 Breeder should have clear knowledge about the following before taking up 
hybridization.  

1. Requirements of the tract 

2. Local conditions i.e. soil, climate, Agronomic practices and market requirements 

3. Existing varieties of crops both local and introduced 

4. Facilities like funds, land, labour and equipment 
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5. Plant material i.e. germ plasm 

6. Objectives : Well set objectives and planning 

Hybridization proce dure or steps involved in hybridization 

 Details of the following steps have to be covered in 

Practical classes 

1. Choice or selection of parents 

2. Evaluation of parents i.e. by selfing and studying the progeny 

3. Emasculation 

4. Crossing or pollination 

5. Bagging & Labelling 

6. Harvesting of F1 seed 

7. Raising F1 generation 

From F2 onwards the generations are known as segregating generations and they may be 

handled either by pedigree method of Bulk method or backcross method for evolving new 

varieties. 

 

Lecture No 13 
HANDLING OF SEGREGATING GENERATIONS 

Pedigree Method 
 

 In the pedigree method, individual plants are selected from F2 and subsequent 

generations, and their progenies are tested.  During the entire operation a record ofall parent 

off spring relationships is kept.  This is known as pedigree record.  Individual plant selection 

is continued till the progenies show no segregation.  At this stage the selection is done among 

the progenies, multilocation tests are conducted and released as varieties. 

 The pedigree may be defined as a description of the ancestors of an individual and it 

generally goes back to some distant ancestors.  It is useful to know the relationship of two 

individuals and useful for selection of parents and prediction of outcome of the cross. 

Procedure of pedigree method 

1st  year : cross is made between the parents possessing desirable characters. 

2nd  year  : Sow the F1 seed giving wide spacing so that each F1 plant produces more seeds.  

Raise as many F1 plants as possible to produce large number of F2 seeds.  Harvest in bulk. 

3rd year : Grow 2000-10000 plants of F2 giving wide spacing for full expression of the 

characters in F2 generation plants.  Grow parents for comparision.  Depending upon the 

facilities and objectives of the programme about 100-500 superior plants are selected.  The 
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value of selection depend on the skill of the breeder.  He has to judge which F2 plant will 

produce superior progeny for characters under consideration.  The breeder develops this skill 

through close study of the crop for many generations.  The selection in F2 is done for simply 

inherited characters like head type disease resistance etc. and selection for characters 

governed by many genes like yield will be reserved for later generations. The selected plants 

are harvested separately and given serial numbers and description entered in pedigree 

registers. 

4th year : Progeny rows of F3 i.e. seeds of one selection plant in one row are space planted 

along with parents and checks.  From superior progeny rows, individual plants with desirable 

characters are selected (about 50-100 families and about 5 plants in each family and 

harvested separately).  Diseased, lodging and undersirable progenies are discarded. 

5th year : F4 plants raised again as head to row.  Desirable plants are selected from desirable 

rows and harvested separately. 

6th year : F5 plants raised in 3 row plots i.e. seeds of each selected plant sown in 3 rows.  By 

this time many families might have become reasonly homozygous.  For comparision check 

variety is grown for every 3 or 5 block.  Progenies are evaluated for yield and the inferior 

ones are rejected.  The number should be reduced to 25-50.  superior plants from superior 

progenies are selected.  Plants from each progeny are bulked.  

7th year : F6 individual plant progenies are grown in multi-row plots and evaluated.   Inferior 

progenies are rejected and superior progenies are selected.  Plants of each progeny are 

harvested in bulk.  Diseased and inferior plants from the progenies are removed. 

8th year : F7 preliminary yield trial with 3 or more replications ar conducted to identify 

superior lines.  The progenies are evaluated for many characters including yield.  Standard 

commercial varieties must be included as checks.  Two to five outstanding lines are selected 

and advanced to coordinated yield trials. 

9th, 10 th & 11th year :  selected lines are tested in several localities for 2 or 3 years for 

adaptation tests.  Lines are evaluated for all characters mainly yield and disease resistance.  A 

line that is superior to commercial variety in yield and other characters is selected.  11th and 

12th year : Selected superior lines is named, multiplied and released as a new variety.  

Number of year can be reduced if generations are advanced during off seasons either in green 

house or under irrigated conditions. 

 Several modifications for the above described pedigree method are followed by 

breeders depending upon the crop, time and availability of funds and facilities like labour, 

land etc. 
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Early generation tests : 

 The objective of these test is to find out superior crosses and superior progenies in 

early generations i.e. in F2 and F3.  we need not advance all the crossed and all selected 

progenies in each cross upto F8.  much labour, time and cost would be saved by this early 

generation testing.  A more reliable information about the potential crosses and progenies 

may be obtained by conducting replicated tests (preferably in more location) and evaluating 

them for yield and other characters in F2 or F3 itself.  A desirable cross or progeny should 

have high mean yield, high genetic variance and high expected genetic advance under 

selection.  Other crosses and progenies are rejected in the beginning i.e. F2 and F3 generations 

itself. 

F2 progeny testing : Another modification for pedigree method. In F2 make as many single 

plants selections as possible.  From F3 to F6 advance the progenies in bulk making selections 

of the progenies as a wholw and discarding the inferior progenies.  Thus each of the progeny 

is derived from the single plant selected in F2 generation.  In F6 make single plant selections 

in each of the progeny.  Compare the yields of the single plants with progenies from which 

they are selected.  Select superior single plant progenies and advance to preliminary yield 

trials, multilocation tests etc. There are two advantages 1. No. of crosses can be handled 

simultaneously 2. Natural selection operates from F 3 to F6 since they are advanced in bulk. 

Mass pedigree method :  This is another modified pedigree method.  Crosses are made and 

further generations grown in bulk or as mass until suitable season occurs for making desirable 

selections against drought, insect and diseases etc. The population will be exposed to the 

natural conditions of vagaries.  From the remaining population individual plants are selected 

and harvested progenies are evaluated for yield and other characters in preliminary yield 

trials and further generations are proceeded as in pedigree method till release of variety.  The 

advantages of both bulk and pedigree methods can be obtained and large number of crosses 

can be handled at a time.  The disadvantage is that it takes a bit longer time. 

Merits of pedigree method :  

1. It gives maximum opportunity for the breeder to use his skill and judgement in 

selection of plants 

2. It is well suited for the improvement of characters which can be easily identified and 

are simply inherited. 

3. Transgressive segregation for yield and other quantitative characters may be 

recovered. 

4. Information about the inheritance of characters and pe digree of lines can be obtained. 
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5. Inferior plants and progenies are eliminated in early generations. 

6. It takes less time than bulk method to develop new variety.  

Demerits of pedigree method :  

1. Valuable genotypes may be lost in early generations, if sufficient skill and knowledge 

are lacking in the breeder, at the time of selection. 

2. No opportunity for natural selection 

3. Difficult to handle many crosses 

4. Maintenance of records, selections, growing progeny rows etc are time consuming 

and laborious. 

Achievements  : Large number of varieties have been developed by pedigree method in 

many crops. 

 A few examples are 

 Wheat – NP-52, 120,125, 700 and 800 series 

 Rice – ADT – 25, Jaya, Padma 

 Cotton – Lakshmi, Digvijay, Sorghum – Co 18, RS 610 etc., Tobacco – NP 222 

 Sorghum – Co 18, Rs 610, Tobacco – NP 222  

Lecture No. 14  
BULK METHOD 

 
 The bulk method was first proposed by Nilsson Ehle in 1908 at Svalof.  This method 

is also known as mass method ‘or’ Population method of breeding   

v Isolation of Homozygus lines  

v Waiting for the opportunity for selection  

v Opportunity for natural selection.  

v F2 and subsequent generations are harvested in mass as bulk to raise the next 

generation. 

v At the end of the bulking period (after attaining homozygosity) individual  plants are 

selected and evaluated similar manner as pedigree method of breeding.  

THE PROCEDURE FOR BULK METHOD 

 The exact procedure for the bulk method would vary depending upon the objective of 

breeder.  The following procedure is described for the isolation of homozygous lines.  The 

breeder may introduce various modifications in the scheme to suit his needs. 

Hybridization : Parents are selected according to the objective of the breeding programme.  

A simple or a complex cross is then made depending upon the number of parents involved.  
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F1 Generation : F1 is space-planted and harvested in bulk.  The number of F1 plants should 

be as large as possible ; usually more than 20 plants should be grown. 

F2-F6 Generations : F2 to F6 generations are planted at commercial seed rates and spacings.  

These generations are harvested in bulk.  During this period, environmental factors, disease 

and pest outbreaks would change, the frequencies of different genotypes in the population.  

Artificial selection is generally not done.  The population size should be as large as possible, 

preferably 30,000-50,000 plants in each generation. 

F7 Generations : About 30-50 thousand plants are space-planted.  1000 to 5000 plants with 

superior phenotypes are selected and their seeds harvested separately.  Selection is based on 

the phenotype of plants, grain characteristics, disease reaction, etc. 

F8 Generation : Individual plant progenies are grown in single or multi-row plots.  Most of 

the progenies would be reasonably homozygous and are harvested in bulk.  Weak and inferior 

progenies are rejected on the basis of visual evaluation.  Only 100-300 plant progenies with 

desirable characteristics are saved. 

 Some progenies which show segregation are generally rejected unless they are of 

great promise.  In promising pr ogenies, individual plants may be selected ; preliminary yield 

trial will be delayed for one year in such cases. 

F9 Generation :  Preliminary yield trial is conducted by using standard commercial varieties 

as checks.  The progenies which are superior than the check are advanced.  Quality test may 

be conducted to further reject undesirable progenies.  The progenies are evaluated for height, 

lodging resistance, maturity date, disease resistance and other important characteristics of the 

crop species. 

F10-F13 Generations : Replicated yield trials are conducted over several locations using 

standard commercial varieties as checks.  The lines are evaluated for important characteristics 

in addition to yield, disease resistance and quality.  If a line is superior to the standard 

varieties in yield trials, it would be released as a new variety.  

F14 Generation : Seed of the released variety is increased for distribution to the cultivators. 

MERITS OF BULK METHOD 

1. The bulk method is simple, convenient and less expensive. 

2. Since, each F2 plant is equally represented till F6, no chance of elimination of good 

genotypes in early generations. 
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3. Artificial or natural disease epiphytics, winter killing high temperature etc. eliminates 

undesirable types and increases the frequency of desirable type.  Thus isolation of 

desirable types becomes easier. 

4. Progenies select from long term bulks are superior than the selection from F2 or short 

term bulk. 

5. Since, little work and attention is needed in F2 and subsequent generation more no. of 

crosses can be handled.  

6. No pedigree records which saves time 

7. Since large population are grown, transgressive segregants  are more likely to appear 

and increase due to natural selection.  Hence, there is a greater chance to isolate good 

segregants than pedigree method.  

DEMERITS OF BULK METHOD 

1. The major disadvantage of bulk method is that it takes a much longer time to develop 

a new variety.  Natural selection becomes important only after F8 or F10, and bulking 

may have to be done upto F20 or more.  Thus the time required is considerably longer, 

and most breeders do not use the bulk method simply for this reason.  

2. In short-term bulks, natural selection has little effect on the genetic composition of 

populations.  But short -term bulks are useful for the isolation of homozygous lines 

and for specific objectives as in Harlan’s mass -pedigree method. 

3. It provides little opportunity for the breeder to exercise his skill or judgement in 

selection. But in the modified bulk method, the breeder has ample opportunity for 

practicing selection in the early segregating generations. 

4. A large number of progenies have to be selected at the end of the bulking period.  

5. Information on the inheritance of characters cannot be obtained which is often 

available from the pedigree method.  

6. In some cases, at least, natural selection may act against the agronomically desirable 

types. 

Comparison between bulk and pedigree method. 

S. No. PEDIGREE METHOD S. No. BULK METHOD 
1 Most widely used Breeding method 1 Used only to a limited extent 
2 Individual plants are selected in F2 

and subsequent generations and 
individual plant progenies are grown  

2 F2 and subsequent generations are 
grown in bulk 

3 Artificial selection ; artificial disease 
epidemics etc. are an integral part of 
the method  

2 Mainly natural selection.  In certain 
cases artificial selection may be 
essential  
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3 Natural selection does not play any 
role 

3 N.S. determines the composition of 
the pop n at the end of the bulking 
period 

4 Pedigree Records have to be 
maintained which is often time 
consuming and laborious  

4 No pedigree records are maintained 

5 Generally its taken 12-13 years to 
release a new variety 

5 Takes more than 15 years. 

6 Requires close attention of breeder 
from F2 onwards 

6 It is quite simple and does not 
require much attention 

7 Planting (spacing) the segregating 
generations are space planted to 
permits effective individual plant 
selection 

7 The bulk populations are generally 
planted at commercial planting 
rates 

8 Population size is small in 
comparison to bulk 

8 The population size is large  

 

 Much improvement in crop plants could not be done through this method reason 

being. 

1. Long time required for Natural Selector 

2. Lack of opportunity for the breeder to use his skills  

3. Lack of facilities to raise large population 

Achievements of bulk method: 

 The method has been used to a limited extent is Barley breeding in U.S.A. and more 

than 50 varieties  were developed.  They are : ARIVAL, BEECHER, GLACIER, and GEM.  

Originated from a cross : Atlas x Vaughn.  The bulk was maintained for 7 to 8 months. 

 
SINGLE-SEED-DESCENT METHOD 

 Another modification of the bulk method is the single-seed-descent method, which is 

becoming increasingly popular.  In this method, a single seed from each of the one to two 

thousand F2 plants is bulked to raise the F3 generation.  Similarly, in F3 and the subsequent 

generations one random seed is selected from every plant present in the population and 

planted in bulk to  raise the next generation. This procedure is followed till F5 or F6 when the 

plants would have become nearly homozygous.  In F5 or F6, a large number (1 to 5 hundred) 

of individual plants are selected and individual plant progenies are grown in the next 

generation.  Selection is done mainly among the progenies, and the number of progenies is 

sufficiently reduced  to permit replicated trial in the next generation.  Individual plants may 

be selected only from outstanding families not showing segregation.  Thus preliminary yield 

trials and quality tests begin in F7 or F8 and coordinated yield trials in F8 or F9. 
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 The objective of single-seed-descent method is to rapidly advance the generations of 

crosses ; at the end of the scheme, a random sample of homozygous or near homozygous 

genotypes/lines is obtained.  F2 and the subsequent generations are grown at very high plant 

densities as vigour of individual plants is not important.  In each year, 2-3 generations may be 

raised using off-season nurseries and greenhouse facilities.  The important features of this 

scheme are : (1) lack of selection, natural or artificial, till F5 or F6  till the population is 

reasonably homozygous , and (2) raising of F3 and later generations from a bulk of one seed 

from each F2 and the subsequent generation plant in order to ensure that each F2 plant is 

represented in the population.  As a result of the speed and economy, the single-seed-descent 

scheme is becoming increasingly popular with the breeders. 

 The single-seed-descent scheme (1) advances the generation with the maximum 

possible speed in a conventional breeding method; (2) requires very little space, effort and 

labour ; (3) Makes the best use of greenhouse and off -season nursery facilities; and (4) 

ensures that the plants retained in the end population are random sample from the F2 

population.  However, (1) it does  not permit any form of selection (which is implied in the 

scheme) during the segregating generations; and (2) in each successive generation, the 

population size becomes progressively smaller due to poor germination and death of plants 

due to diseases, insect pests and accidents.  In some crops, e.g., pulses, plant loss may be one 

of the most serious problems of the scheme. 

 

Lecture No. 15 

BACK CROSS 
 

 Breeders of early 20th century engaged in the development of disease resistant 

varieties observed that pureline selections with genes for resistance from intra-or inter-

specific hybridization were inferior to the generally acceptance superior parent in yield or 

quality characteristic.  To overcome this problem, (Harlan and Pope (1922) suggested the 

back cross method by which an undesirable allele at a particular locus is replaced by the 

desirable allele in otherwise elite variety.  In other words, B.C. procedure conserves all good 

characteristics of a popular adapted variety and incorporates a desirable character from 

another variety. 

Back cross : A cross between a hybrid (F 1 or a segregating generation) and one of its parents 

is known as backcross. 
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Back cross method : In the B.C. method, the hybrid and the progenies in the subsequent 

generations are repeatedly back crossed to one of their parents. 

Objective : To improve or correct one or two specific defects of a high yielding variety, 

which is well adapted to the area and has other desirable characteristics. 

Recipient parent : Well adapted, high yielding variety, lacking one or two characters and 

hence receives these genes from other variety.  

Donor parent : The variety which donates one or two useful genes. 

Recurrent parent : Since the recipient parent is repeatedly used in the backcross 

programme, it is also known as the recurrent parent. 

Non-recurrent parent : The donor parent, on the other hand, is known as the non-recurrent 

parent because it is used only once in the breeding programme (for producing the F1 hybrid). 

REQUIREMENTS OF A BACK CROSS PROGRAMME 
1. Existence of a good recurrent parent variety which requires improvement is some 

qualitatively inherited character or a quantitative character with high heritability. 

2. A suitable donor parent must be available possessing the character or characters to be 

transferred in a highly in tense form. 

3. High expressivity of the character under transfer through several back crosses in the 

genetic back ground of the recurrent parent. 

4. The character to be transferred must have high heritability-preferably determined by 

one or few genes. 

5. Simple testing technique for detecting the presence of the character under transfer. 

6. Recovery of the recurrent genotype in a reasonable number of back cross generations. 

Applications of Back Cross method 

 B.C. method in applicable to both S.P. & C.P. crops. 

1. Inter varietal transfer of simply inherited characters : characters governed by one or 

two major genes – Eg. disease resistance, used color. 

Linkage drag : Failure of transfer of simply inherited characters like disease resistance 

by B.C. method due to a tight linkage between the gene being transferred and some 

other undesirable gene. 

2. Inter varietal transfer of Quantitative characters : Quantitative characters with high 

heritability can be transferred. 

Eg. Early ness, Pl. height seed size, seed shape. 
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3. Inter specific transfer of simply inherited characters : Mostly disease resistance from 

related species into a cultivated species. 

Eg. 1. Leaf and stem rust resistance from Triticum timopheevii 

           T. monococcum, Aegilops speltoides and rye (S. cereale ) to T. aestivum 

      2. Black arm resistance from several Gossypium species to G. hirsutum 

4. Transfer of cytoplasm : Back Cross methodin used to transfer cytoplasm from one 

variety or species to another. This is especial desirable in cases of Cytoplasmic or 

Cytoplasmic-genetic male sterility. 

E. Transfer of T. timopheevii  cytoplasm to T. aesticem 

5. Transressive segregation : Back cross method may be modified to obtain transgressive 

segregants.  It may be modified is one of the following two ways. 

I. The F1 may be Back crossed only 1 or at most 2 times to the recurrent parent  

    leaving much heterozygosity for transgressive segregants to appear. 

II. To or more recurrent parents may be used in the back cross programme to 

accumulate genes from them in to the back cross progeny.  Such a modification of the 

back cross would produce a new variety that would not be exactly like any one of the 

recurrent parents. 

6. Production of Isogenic lines : Isogenic lines are identical in their genotype, except for 

one gene.  Such lines are useful in studying the effects of individual genes on yield 

and other characteristics.  Isogenic lines and easily produced using the back cross 

method. 

7. Germplasm conversion : Conversion of photosensitive germplasm lines (using as 

recurrent parent) to photo insensitive line (using a photo insensitive line as a donar or 

non-recurrent parent. 

Transfer of a Dominant Gene  

 Let us suppose that a high yielding and widely adapted variety A is susceptible to 

stem rust.  Another variety B is resistant to stem rust, and that resistance to stem rust is 

dominant to susceptibility.  A generalized scheme of the backcross programme for the 

transfer of rust resistance from variety B to variety A is given below. 

Hybridization : Variety A is crossed to varie ty B.  Generally, variety A should be used as 

the female parent.  This would facilitate the identification of selfed plants, if any.  

F1 Generation :  F1 plants are backcrossed to variety A. Since all the F1 plants will be 

heterozygous for rust resistance, selection for rust resistance is not necessary. 
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First Backcross Generation (BC1) : half of the plants would be resistant and the remaining 

half would be susceptible to stem rust.  Rust resistant plants are selected and backcrossed to 

variety A.  BC1 plants resistant to rust may be selected for their resemblance to variety A as 

well. 

BC2-BC5 Generations : In each backcross generation, segregation would occur for rust 

resistance.  Rust resistant plants are selected and backcrossed to the recurrent parent A. 

Selection for the plant type of variety A may be practiced, particularly in BC2 and BC3. 

BC6- Generation :  On an average, the plants will have 98.4 per cent genes from variety A.  

Rust resistant plants are selected and selfed; their seeds are harvested separately. 

BC6 F2 Generation : Individual plant progenies are grown.  Progenies homozygous for rust 

resistance and similar to the plant type of variety A are harvested in bulk.  Several similar 

progenies are mixed to constitute the new variety. 

Yield Tests : The new variety is tested in a replicated yield trial along with the variety A as a 

check.  Plant type, date of flowering, date of maturity, quality etc.  are critically evaluated.  

Ordinarily, the new variety would be identical to the variety A in perfor mance.  Detailed 

yield tests are, therefore, generally not required and the variety may directly be released for 

cultivation.  

Transfer of a Recessive Gene 

 When rust resistance is due to a recessive gene, all the backcrosses cannot be made 

one after the other.  After the first backcross, and after every two backcrosses, F2 must be 

grown to identify rust resistant plants.  The F1 and the backcross progenies are not inoculated 

with rust because they would be susceptible to rust.  Only the F2 is tested for rus t resistance.  

A generalized scheme for the transfer of a recessive gene for rust resistance is given below. 

Hybridization : The recurrent parent is crossed with the rust resistant donor parent.  The 

recurrent parent is generally used as the female parent. 

F1 Generation : F1 plants are backcrossed to the recurrent parent. 

BC1 Generation : Since rust resistance is recessive, all the plants will be rust susceptible.  

Therefore, there is no test for rust resistance.  All the plants are self-pollinated.  

BC1 F2 Generation : Plants are inoculated with rust spores.  Rust resistant plants are selected 

and backcrossed with the recurrent parent.  Selection is done for the plant type and other 

characteristics of the variety A. 

BC2 Generation :There is no rust resistance test. Plants are selected for their resemblance to 

the recurrent parent A, and backcrossed with the recurrent parent. 
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BC3 Generation : There is no disease test.  The plants are self-pollinated to raise F2.   

selection is usually done for the plant type of variety A. 

BC3F2 Generation : Plants are inoculated with stem rust.  Rust resistant plants resembling 

variety A are selected and backcrossed to variety A.  Selection for plant type of A is generally 

effective. 

BC4 Generation : There is no rust resistance test.  Plants are back-crossed to variety A. 

BC5 Generation : There is no rust test.  Plants are self -pollinated to raise F2 generation. 

BC5F2 Generation : Plants are subjected to rust epidemic.  A rigid selection is done for rust 

resistance and for the characteristics of variety A.  Selfed seeds from the selected plants are 

harvested separately.  

BC5F3 Generation : individual plant progenies are grown and subjected to rust epiphytotic.  

A rigid selection is done for resistance to stem rust and for the characteristics of variety A. 

Seeds from several similar rust resistant homogeneous progenies are mixed to constitute the 

new variety. 

Yield Tests : It is the same as in the case of transfer of a dominant gene. 

 
Lecture No: 16  

BACK CROSS 
 

Transfer of Two or Mo re Characters Into a Single Recurrent Parent 

 When two of more characters are to be transferred into the same variety, one of the 

following three approaches may be used.  

Simultaneous Transfer : Genes for the different characteristics may be transferred 

simultaneously in the same backcross programme.  The characters to be transferred are 

bought together into the hybrid by successively crossing each of the non-current parents to 

the recurrent parent or the hybrid thus produced.  But in such a case, a larger backcross 

population would be needed than in the case of transfer of a single character.  Further, the 

breeding programme may be delayed because the conditions necessary for the selection of all 

the characters may not occur every year.  Sometimes, the two genes under transfer may be 

linked.  In such a case, the transfer becomes very easy, and selection for only one gene may 

be necessary.  some examples of such a favourable linkage are; between the genes Lr 24 and 

Sr 24, Lr 19 and Sr 25, and Lr 26 and Sr 31.  

Stepwise Transfer : The recurrent parent is first improved for one character.  The improved 

recurrent parent is then used as the recurrent parent in a backcross programme for the transfer 

of the second character.  If additional characters are to be transferred, they are transferred one 



 

 68 

at a time in a stepwise fashion.  This approach takes much longer time for the transfer of two 

or more characters. 

Simultaneous But Separate Transfers :  Each character is transferred to the same recurrent 

parent in simultane ous but separate backcross programmes.  The resulting improved versions 

from the different programmes are then crossed together.  Homozygous lines for the 

characters being transferred are then selected from the segregating generations using the 

pedigree method.  This approach appears to be the most suitable of the three strategies. 

Merits   

1. The genotype of new variety is nearly identical with that of the recurrent parent, 

except for the genes transferred. Thus the outcome of a backcross programme is 

known beforehand and it can be reproduced any time in the future. 

2. It is not necessary to test the variety developed by the backcross method in extensive 

yield tests because the performance of the recurrent parent is already known. This 

may save upto 5 years’ time and a considerable expense. 

3. The backcross programme is not dependent upon the environment, except for that 

needed for the selection of the character under transfer. Therefore, off -season 

nurseries and green-houses can be used to grow 2-3 generations each year. This would 

drastically reduce the time required for developing the new variety. 

4. Much smaller populations are needed in the backcross method than in the case of 

pedigree method. 

5. Defects, such as susceptibility to disease, of a well-adapted variety can be removed 

without affecting its performance and adaptability. Such a variety is often preferred 

by the farmers and the industries to an entirely new variety because they know the 

recurrent variety well. 

6. This is the only method for inter-specific gene tra nsfers, and for the transfer of 

cytoplasm. 

7. It may be modified so that transgressive segregation may occur for quantitative 

characters. 

Demerits   

1. The new variety generally cannot be superior to the recurrent parent, except for the 

character that is transferred. 

2. Undesirable genes closely linked with the gene being transferred may also be 

transmitted to the new variety. 
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3. Hybridization has to be done for each backcross. This often difficult, time taking and 

costly.  

4. By the time the backcross programme improves it, the recurrent parent may have been 

replaced by other varieties superior in yielding ability and other characteristics. 

 

Achievements  
1. Two cotton varieties 170-Co-2 and 134 – Co 2m were developed 

2. Kalyana sona susceptible to leaf rust. Resistant has been transferred from several 

diverse sources i.e., Robin, K1, Blue bird, Tobari, Frecor and HS-19  

3. Tift 23A is susceptible to downy mildew. The line backcrossed with MS-521A, MS-

541 A, MS-570A resistant hybrids were produced.  

 

Comparison between backcross and pedigree methods 

  
Pedigree method Backcross method 
  
  
F1 and the subsequent generations are 
allowed to self-pollinate 

F1 and the subsequent generations are 
backcrossed to the recurrent parent 

  
The new variety developed by this method is 
different from the parents in agronomic and 
other characteristics 

The new variety is identical with the 
recurrent parent, except for the character 
under transfer 

  
The new variety has to be extensively tested 
before release 

Usually extensive testing is not necessary 
before release 

  
The method aims at improving the yielding 
ability and other characteristics of the variety 

The method aims at improving specific 
defects of a well adapted, popular variety 

  
It is useful in improving both qualitative and 
quantitative characters 

It is useful for the transfer of both 
quantitative and qualitative characters 
provided they have high heritability 

  
It is not suitable for genes transfer from 
related species and for producing substitution 
of addition lines 

It is the only useful method for gene transfers 
from related species and for producing 
addition and substitution lines 

  
Hybridization is limited to the production of 
the F1 generations 

Hybridization with the recurrent parent is 
necessary for producing every backcross  
generation 

  
The F1 and the subsequent generations are The backcross generations are small and 
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much larger than those in the backcross 
method 

usually consist of 20-100 plants in each 
generation 

  
The procedure is the same for both dominant 
and recessive genes 

The procedures for the transfer of dominant 
and recessive genes are different 

  
 

Multiline variety are mixtures of several purelines of similar height, flowering and maturity 

dates, seed colour and agronomic characters of each of which has a different gen for 

resistance to the given disease. 

Characteristics of a good Multiline  

1. Its genetic diversity for vertical resistance genes for the concerned disease 

2. The vertical resistance genes should be strong enough 

3. It should have normal resistance to othe r diseases 

4. Components of multiline should be uniform for agronomic and other features. 

5. It should have yield advantage 

Development of multiline varieties 

 A multiline variety is usually created by mixing the seeds of several lines that are 

similar in appearance but have different genes for resistance to a given disease. There are two 

main steps in the development of multilines:  

1. Development of component lines 

2. Evaluation and grouping of the components. 

Development of component lines 

 The resistance genes are incorporated in an elite variety or line to produce as many 

near-isogenic lines as there are distinct R genes. This is done through a conventional 

backcross programme (5-6 backcrosses), a limited backcrossing (2-3 backcrosses, followed 

by pedigree selection) or by making double or multiple crosses. The lines obtained from the 

last two approaches are likely to differ for agronomic and other features as well; therefore, a 

detailed evaluation of such lines is essential.  

Evaluation and grouping of the components 

 The number of component lines should be large, 15-20 according to Borlaug (1959), 

if durability of resistance is desired. But if a reduced level of disease is the objective, a rather 

small number of component lines would be adequate.  

Achievements  

 Multiline variety appears to be a useful approach to control disease like rusts where 

new races are continuously produced. In India, four multiline varieties have been released in 
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wheat. Kalyan Sona and Sonalika, one of the most popular varieties during the late sixties 

were used as the recurrent parent to produce these varieties. Variety ‘KSML3’ consists of 8 

lines having rust resistance genes from Robin, Ghanate, K1, Rend, Gabato, Blue Bird, Tobari, 

etc. Multiline ‘MLKS11’ is also a mixture of 8 lines ; the resistance was derived from E6254, 

E6056, E5868, Frecor, HS19, E4894, etc. The third variety, KML 7406, has 9 lines deriving 

rust resistance from different sources. In addition, Sonalika Multiline-1 was released for 

cultivation in Punjab state (six component lines).  

 
Lecture No. 17 

SELF-INCOMPATIBILITY 
 
 More than 300 species belonging to 20 families of angiosperms show self-

incompatibility.  Self -incompatible pollen grains fail to germinate on the stigma of the flower 

that produced them.  If some pollen grains do germinate, pollen tubes fail to enter the stigma.  

In many species, the pollen tubes enter the style, but they grow too slowly to effect 

fertilization before the flower drops. Sometimes, fertilization is effected, but the embryo 

degenerates at a very early stage.  Self-incompatibility appears to be a biochemical reaction, 

but the precise nature of these reactions is not clearly understood.  The genetic control of 

incompatibility reactions is relatively simple.  Lewis (1954) has suggested various 

classifications of self-incompatibility ; a relatively simple classification is as follows ; 1. 

heteromorphic system, 2. homomorphic system, (2a) gametophytic control, and (2b) 

sporophytic control. 

Heteromorphic System. 

 In this system, flowers of different incompatibility groups are different in 

morphology.  For example, in Primula there are two types of flowers, pin and thrum.  Pin 

flowers have long styles and short stamens, while thrum flowers have short styles and long 

stamens.  This situation is referred to as distyly.  Tristyly is known in some plant species, e.g. 

Lythrum ; in such cases, the style of a flower may be either short, long or of medium length.  

In the case of distyly, the only compatible mating is between pin and thrum flowers.  This 

characteristic is governed by a single gene s ; Ss produces thrum, while ss produces pin 

flowers.  The incompatibility reaction of pollen is determined by the genotype of the plant 

producing them. Allele S is dominant over s.  The incompatibility system, therefore, is 

heteromorphic -sporophytic.  The pollen grains produced by pin flowers, would all be s in 

genotype as well as incompatibility reaction.  The pollen produced in thrum flowers would be 

of two types genotypically, S and s, but all of them would be S phenotypically.  The mating 



 

 72 

between pin and thrum plants would produce Ss and ss progeny in equal frequencies.  This 

system is of little importance in crop plants ; it occurs in sweet potato and buckwheat. 

Homomorphic System  
 In the homomorphic system, incompatibility is not associated with morphological 

differences among flowers.  The incompatibility reaction of pollen may be controlled by the 

genotype of the plant on which it is produced or by its own genotype. 

 

Gametophytic System 

 Gametophytic incompatibility was first described by East and Mangelsdorf in 1925 in 

Nicotiana sanderae.  The incompatibility reaction of pollen is determined by its own 

genotype, and not by the genotype of the plant on which it is produced.  Generally, 

incompatibility reaction is determined by a single gene having multiple alleles, e.g., 

Trifolium, Nicotiana, Lycoperscion, Solanum, Petunia  etc. If same allele as that of Pollem is 

present in the stylar tissues, it opposes the growth of pollen tube in the style, so Gametophytic 

incompatibility is also called as ‘oppositional factor system’. Sometimes, Polyploidy may 

lead to a loss of incompatibility due to a competition between the two S alleles present in 

diploid pollen.  Irradiation of pollen or buds with X-rays or gamma-rays temporarily 

suppresses the incompatibility reaction, and thus allows the pollen tube to grow through 

incompatible style.  In some species, e.g., Phalaris, Physalis etc., two loci (S and Z) govern 

incompatibility, while in some others, e.g., Beta vulgaris and Papaver, three loci are 

involved.  In these cases, Polyploidy does not affect the incompatibility reaction.  Pollen tube 

grows very slowly in the style containing the same S allele as the pollen, and fails to effect 

fertilization.  Therefore, all the plants are heterozygous at the S locus.  In a single gene 

system, there are three types of mating; 

i) Fully incompatible, e.g., S1S2  x  S1S2 

ii) Fully compatible, e.g., S1S2  x  S3S4 

iii)  Partially (i.e., 50% of the pollen) compatible, e.g., S1S2  x  S2S3 

 In some cases, an allele for self-fertility, Sf , is found (East and Yarnel).  Pollen 

carrying the Sf alleles does not show incompatibility reaction.  Thus in a plant with the 

genotype SfS1, selfing produces Sf Sf and Sf S1 progeny.  Mutations for Sf  allele may be 

induced by irradiating the pollen used for self -pollination.  There is another allele, SF, which 

retards the growth of Sf  pollen tubes, thus enforcing self-incompatibility.  The gametophytic 

system is found in pineapple (2 locus), ryegrass (2 locus), diploid coffee, diploid clovers 
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(Trifolium sp.) etc. In families like Solanaceae, Rosaseae, Graminae, Leguminoseae, 

Chenopodiaceae, Ranunculaceae 

Sporophytic System 

 In the sporophytic system also, the self -incompatibility is governed by a single gene, 

S, with multiple alleles ; more than 30 alleles are known in Brassica oleracea.  In general, the 

number of S alleles is considerably larger in the gametophytic than in the sporophytic system.  

The incompatibility reaction of pollen is governed by the genotype of the plant on which the 

pollen is produced, and not by the genotype of the pollen.  It was first reported by Hughes 

and Babcock in 1950 in Crepis foetida, and by Gerstel in Parthenium argentatum (in the 

same year).  In the sporophytic system, the S alleles may exhibit dominance, individual 

action (codominance) or competition.  Consequently, there may be many complex 

incompatibility relationships.  Lewis has summarized the following characteristics of this 

system. 

1. There are frequent reciprocal differences 

2. Incompatibility can occur with the female parent 

3. A family can consist of three incompatibility groups 

4. Homozygotes are a normal part of the system 

5. An incompatibility group may contain two genotypes 

Sporophytic incompatibility is found in radish (R. sativus),  diploid Brassica crops 

and Sinapis.  In many cases, different S alleles vary in their activity leading to varying 

degrees of self-incompatibility, e.g., B. oleracea. Polygenes (modifying genes) are known to 

increase as well as decrease the activities of S alleles both in the gametophytic as well as 

sporophytic systems. 

Mechanism of Self-Incompatibility 
 The mechanism of self-incompatibility is quite complex and is poorly understood.  

The various phenomena observed in self-incompatible matings are grouped into three broad 

categories : (1) pollen-stigma interaction, (2) pollen tube-style interaction, and (3) pollen 

tube-ovule interaction. 

Pollen-Stigma Interaction 

 These interactions occur just after the pollen grains reach the stigma and generally 

prevent pollen germination.  At the time they reach stigma, pollen grains generally have two 

nuclei in the gametophytic system, while they have three nuclei in the sporophytic system.  

This was once considered to be the basis for the two incompatibility systems, but the 
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available evidence indicates otherwise.  However, the structure of stigmatic surface appears 

to be definitely involved in the differences between the two systems. In the gametophytic 

system, the stigma surface is plumose having elongated receptive cells and is commonly 

known as ‘wet’ stigma.  Incompatible pollen grains generally germinate on reaching the 

stigma; the incompatibility reaction occurs at a later stage.  There are clear cut serological 

differences among the pollen grains with different S genotypes ; such differences have not 

been observed in the sporophytic system. 

 In the sporophytic system, the stigma is papillate and dry, and is covered with a 

hydrated layer of proteins known as ‘pellicle’.  There is evidence that the pellicle is involved 

in incompatibility reaction.  There are striking differences in the stigma antigens related to 

the S allele composition.  Within few minutes of reaching the stigmatic surface, the pollen 

releases an exine exudates which is either protein or glycoprotein in nature.  This exudates 

induces immediate callose formation in the papillae (which are in direct contact with the 

pollen) of incompatible stigma.  Often callose is also deposited on the young protruding 

pollen tubes preventing any further germination of the pollen.   Thus in the sporophytic 

system, stigma is the site of incompatibility reaction ; once the pollen tube crosses the 

stigmatic barrier, there is no further inhibition of pollen tube growth.  In the homomorphic 

sporophytic system, the incompatibility reaction of pollen is probably due to the deposition of 

some compounds from anther tapetum on to the pollen exine. 

Pollen Tube-Style Interaction  
 In most cases of the gametophytic system, pollen grains germinate and pollen tubes 

penetrate the stigmatic surface.  But in incompatible combinations, the growth of pollen tubes 

is retarded within the stigma, e.g., in Oenothera, or a little later in the style, e.g., in Petunia, 

Lycopersicon, Lilium etc. In the latter case, there is a cessation of protein and polysaccharide 

synthesis in the pollen tubes, which leads to the degeneration of tube wall and the bursting of 

pollen tube. 

Pollen Tube-Ovule Interaction  
 In some cases, e.g., Theobromo cacao, pollen tubes reach the ovule and effect 

fertilization.  However, in incompatible combinations, embryos degenerate at an early stage 

of development. 
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Lecture No: 18 

SELF INCOMPATABILITY  

Relevance of Self-Incompatibility 
 Self-incompatibility effectively prevents self -pollination.  As a result, it has a 

profound effect on breeding approaches and objectives ; these are discussed here in some 

detail. 

1. In self -incompatible fruit trees, it is necessary to plant two cross-compatible varieties 

to ensure fruitfulness.  Further, cross-pollination may be poor in adverse weather 

conditions reducing fruit set.  Therefore, it would be desirable to develop self-fertile 

forms in such cases. 

2. Some breeding schemes, e.g., development of hybrid varieties etc., initially require 

some degree of inbreeding.  Although sibmating leads to inbreeding, but for the same 

degree of inbreeding it take twice as much time as selfing.  Further, for the 

maintenance of inbred lines selfing would be necessary.  

3. Self-incompatibility may be used in hybrid seed production.  For this purpose, (1) two 

self-incompatible, but cross-compatible, lines are interplanted ; seed obtained from 

both the lines would be hybrid seed. (2) Alternatively, a self-incompatible  line may 

be interplanted with a self-compatible line.  from this scheme, seed from only the self-

incompatible line would be hybrid.  (3) Schemes for the production of double cross 

and triple cross hybrids have also been proposed and their feasibility has been 

demonstrated in the case of brassicas. 

The gametophytic system has been used, to a limited extent, for hybrid seed production in 

clover, Trifolium (Leguminosae).  In Solanaceae, the cultivated species are generally self-

fertile, and self-incompatibility is confined to wild species.  The sporophytic system has been 

exploited for hybrid seed production in brassicas (Cruciferae), primarily by the Japanese seed 

companies.  In Compositae, another economically important family showing sporophytic 

self-incompatibility, the cultivated varieties are generally self -fertile. 

 The use of self-incompatibility in hybrid seed produc tion is hampered by several 

problems. (1) Production and maintenance of inbred lines by hand pollination is tedium and 

costly.(2) This raises the cost of hybrid seed. (3) Continued selfing leads to a depression in 

self-incompatibility, and it unintentionally, but unavoidably, selects for self-fertility.  (4) In 

the gametophytic system, continued inbreeding gives rise to new incompatibility reactions, 

which may limit the usefulness of such inbreds as parents. (5) Environmental factors, e.g., 
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high temperature and high humidity etc., reduce or even totally overcome self-incompatibility 

reaction leading to a high (30% or more) proportion of selfed seed.  (6) Bees often prefer to 

stay within a parental line, particularly when the parental lines differ morphologically.  This, 

in turn, increases the proportion of selfed seed.  97) Transfer of S alleles from one variety or, 

more particularly, species into another variety or species is tedius and complicated.  This has 

prevented the use of self -incompatibility in hybrid seed production in Solanaceae and 

Compositae. 

Elimination of Self-Incompatibility 
 In many cases, self-fertile forms will be highly desirable and, in such cases, it would 

be useful to eliminate self-incompatibility. (1) In the case of single-locus gametophytic 

system, incompatibility may be eliminated by doubling the chromosome number, e.g., in 

potato diploidization leads to self -incompatibility.  (2) Isolation of self-fertile (S f) mutations 

is a very useful tool in the elimination of self-incompatibility.  Flower buds are generally 

irradiated at the PMC stages, and pollen from these buds is used to pollinated flowers with 

known S alleles.  Generally, selection for Sf alleles is much more complicated in the 

sporophytic system than in the gametophytic system due to the temporary loss in 

incompatibility and pseudofertility in the cases of the former.  In Oenothera, Sf mutations 

occur spontaneously at the rate of 10-8 and the rate of induction with X-rays is 1.6 x 10-8/r 

unit.  Lastly, (3) self-compatibility alleles may be transferred from related species or varieties 

of the same species, if available, through a backcross programme. 

Temporary Suppression of Self-Incompatibility 
 In many situations, e.g., during the production of inbreds for use as parents in hybrid 

seed production, it is essential that temporary self -fertility is achieved in a manner so that 

self-incompatibility is fully functional in the selfed progeny.  Such self-fertility is known as 

pseudofertility and is achieved by temporarily suppressing the incompatibility reaction using 

one of the following techniques. 

Bud Pollination 
 Bud pollination means application of mature pollen to immature nonreceptive stigma, 

generally 1-2 days prior to the anthesis of flowers.  This is the most practicable and 

successful method both in the gametophytic and sporophytic systems.  In some cases, 

application of the fluid from mature stigmas may improve the success of but pollination.  

Surgical Techniques  
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 Removal of the stigmatic surface, the whole of stigma or a part or whole of the style 

may permit an otherwise incomptible mating.  Removal of the stigma is very useful in the 

sporophytic system, e.g., Brassica, while removal of the style is helpful in some cases of 

gametophytic incompatibility, e.g., Petunia.  In Petunia, the whole of the style may be 

removed and the pollen grains may be directly dropped on the the ovules in the ovarian 

cavity.  

End-of-Season Pollination 
 In some species, the degree of incompatibility is reduced towards the end of the 

flowering season or in mature plants.  But there are controversial reports on the usefulness of 

this technique. 

High Temperature 
 In some species, e.g., Trifolium, Lycopersicon, Brassica, Oenothera etc., exposure of 

pistils to temperatures upto 600 C induce pesudofertility. 

Irradiation 
 In the single-locus gametophytic system, e.g., in Solanaceae, acute irradiation with X-

rays or gamma-rays induces a temporary loss of self -incompatibility.  

Grafting 
 Grafting of a branch onto another branch of the same plant or of another plant is 

reported to reduce the degree of self-incompatibility in Trifolium Pratense.  There is only one 

report on this phenomenon, and the mechanism of this reduction is not known.  

Double Pollination 
 In some species, self-incompatible mating become possible when incompatible pollen 

in applied as a mixture with a compatible pollen, or it is applied after pollination with a 

compatible pollen.  

Other Techniques 
 A number of other techniques have been tried with varying degrees of success, but 

they are not commonly used.  These techniques are : treatment of flowers with carbon 

monoxide, injecting styles with munosuppressants, application of electrical potential 

difference of about 100 V between the stigma and pollen grains, treatment of pistil with 

phytohormone s and with protein synthesis inhibitors, and steel brush pollination.  
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Lecture No 19 & 20 
MALE STERILITY 

 
 Male sterility is characterized by nonfunctional pollen grains, while female gametes 

function normally.  It occurs in nature sporadically, perhaps due to mattation.  Male sterility 

is classified into three groups : (1) genetic, (2) Cytoplasmic, and (3) Cytoplasmic -genetic. 

Genetic Male Sterility 
 Genetic male sterility is ordinarily governed by a single recessive genes, ms, but 

dominant genes governing male sterility are also known, e.g., in safflower.  Male sterility 

alleles arise spontaneously or may be artificially induced.  A male sterile line may be 

maintained by crossing it with heterozygous male fertile plants.  Such a mating produces 1:1 

male sterile and male fertile plants. 

Utilization in Plant Breeding 
 Genetic male sterility may be used in hybrid seed production.  The progeny from ms 

ms x Ms ms crosses are used as female, and are inerplanted with a homozygous male fertile 

(Ms Ms) pollinator.  The genotypes of ms ms and Ms ms lines are identical except for the ms 

locus, i.e., they are isogenic ; they are known as male sterile (A) and maintainer (B) lines, 

respectively.  The female line would, therefore, contain both male sterile and male fertile  

plants ; the latter must be identified and removed before pollen shedding.  This is done by 

identifying the male fertile plants in seedling stage either due to the pleiotropic effect of the 

ms gene or due to the phenotypic effect of a closely-linked gene.  Pollen dispersal from the 

male (pollintor) line should be good for a satisfactory seed set in the female line.  however, 

generally pollen dispersal is poor and good, closely-linked markers are rare.  Rouging of male 

fertile plants from the female lines is costly as a result of which the cost of hybrid seed is 

higher.  Due to these difficulties, genetic male sterility has been exploited commercially only 

in a few countries.  In USA, it is being successfully used in Castor.  In India, it is being used 

for hybrid seed production of arhar by some private seed companies, e.g., Maharashtra 

Hybrid Seed Co. Ltd., India, produced and sold 50 Q seed of a hybrid variety of arhar, 

Suggestions have been made for its use in several other crops, e.g., Cotton.,barley, tomato, 

sunflower, cucurbits etc., but it is not yet practically feasible. 

Cytoplasmic Male Sterility 
 This type of male sterility is determined by the cytoplasm.  Since the cytoplasm of a 

zygote comes primarily from egg cell, the progeny of such male sterile plants would always 
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be male sterile.  Cytoplasmic male sterility is known in many plant species, some of wihc are 

crop plants 

Nuclear genotype of male sterile line would be almost identical to that of the recurrent 

pollinator strain.  The male sterile line is maintained by crossing it with the pollinator strain 

used as the recurrent parent in the backcross programme since its nuclear genotype is 

identical with that of this new male sterile line.  such a male fertile line is known as the 

maintainer line or B line as it is used to maintain the male sterile line is also known as the A 

line, there is considerable evidence that the gene or genes conditioning Cytoplasmic male 

sterility, particularly in Maize, reside in mitochondria, and may be located in a plasmic like 

elements. 

Utilization in Plant Breeding 
 Cytoplasmic male sterility may be utilized for producing hybrid seed in certain  

ornamental species, or in species where a vegetative part is of economic value.  But in those 

crop plants where seed is the economic part, it is of no use because the hybrid progeny would 

be male sterile. 

Cytoplasmic-Genetic Male Sterility 
 This is a case of Cytoplasmic male sterility where a nuclear gene for restoring fertility 

in the male sterile line is known. The fertility restorer gene, R, is dominant and is found in 

certain strains of the species, or may be transferred from a related species, e.g., in wheat.  

This gene restores male fertility in the male sterile line, hence it is known as restorer gene.  

The cases of Cytoplas mic male sterility would be included in the Cytoplasmic-genetic system 

as and when restorer genes for them would be discovered.  It is likely that a restorer gene 

would be found for all the cases of Cytoplasmic male sterility if a thorough search were 

made.  This system is known in Maize, Jowar, bajra, sunflower, rice, wheat, etc. 

 Plant would be male sterile in the presence of male sterile cytoplasm if the nuclear 

genotype were rr, but would be male fertile if the nucleus were Rr or RR. New male sterile 

lines may be developed following the same procedure as in the case of Cytoplasmic system.  

But the nuclear genotype of the pollinator strain used in such a transfer must be rr, otherwise 

the fertility would be restored.  The development of new restorer strains is somewhat indirect.  

First, a restorer strain (say R) is crossed with a male sterile line (A).  The  resulting male 

fertile plants are used as the female parent in repeated backcrosses with the strain (C) (used as 

the recurrent parent), into which the transfer of restorer genes(s) is desired.  In each 

generation, male sterile plants are discarded, and the male fertile plants are used as females 
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for backcrossing to the strain C. This acts as a selection device for the restorer gene R during 

the backcross programme.  At the end of backcross programme, a restorer line isogenic to the 

stain C would be recovered. 

 For the production of hybrid seed, removal of anthers before fertilization is essential 

to avoid selfing.  Manually removing of anthers is very te dious and time consuming process 

in almost all the crops except in Maize and Castor which are monoecious. The pre-requisites 

for successful hybrid seed production in large quantities are: 

1. Existence of male sterility or self-incompatibility through which ha nd emasculation 

can be avoided.  

2. Sufficient cross-pollination should be there to get good seed set. 

Male sterility is characterized by non-functional pollen grains while female gametes 

functions normally.  It occurs in nature sporadically due to mutations.  MS can be 

classified into three groups: 

1. Genetic   2. Cytoplasmic  3. Cytoplasmic genetic 

I. Genetic male sterility: GMS is mostly governed by single recessive gene ms, but 

dominant genes governing male sterility are also known eg: Safflower, MS alleles arise 

spontaneously or can be induced artificially.  A GMS line can be maintained by crossing 

it with heterozygous male fertile plant.  Such mating produces 50% m.s. & 50% MF 

plants  

  msms    x       Msms 
 (Male sterile)  (Male fertile) 
 
 
  msms   :  Msms    (1:1) 

(Male sterile)  (Male fertile) 
 

Identifying the male fertile plants from the above progeny is difficult and time 

consuming. Hence GMS is not commonly used in hybrid seed production. 

In USA it is used in Castor. In India it was being used in Redgram, but presently it is 

being used in safflower. 

Marker genes which are linked to male sterility/fertility can be used to identify the 

male fertile plants before flowering stage. For example in Maize there is a gene, 

pigmented hypocotyl(P) and green hypoc otyl (P) which is closely linked with sterility 

locus 

 P S - Pigmented & Sterile  

 P  F – Green & Fertile 
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 At seedling stage all the green plants are to be removed and pigmented plants are 

retained, as they are sterile. 

II. Cytoplasmic Male Sterility: In crops like Maize, Bajra and Sorghum, two types of 

cytoplasms were noticed.  One is normal cytoplasm and the other is sterile one which 

interferes with the formation of normal pollen grains.  This follows maternal inheritance 

therefore all the off springs will be male sterile.  

 As the F1 is male sterile, this system cannot be used in crops where the seed is 

economic part.  Hence its utility is confined to certain ornamental species or where a 

vegetative part is of economic importance. Eg: Onion, Fodder Jowar, Cabbage, Palak etc. 

III. Cytoplasmic Genetic Male Sterility System: This is a case of cytoplasmic male sterility 

where a nuclear gene for restoring fertility in MS line is known.  The fertility restorer gene 

‘R' is dominant and is found in certain strains of species or may be transferred from a related 

species.  This gene restores fertility in the MS line hence it is known as restorer gene.  The 

cytoplasmic MS can be included in CGMS system as and when restorer genes for them are 

discovered.  Restorer genes can be found for all the cases of cytoplasmic MS if thorough 

search is made.  This system is used in almost all seed crops. 

This system involves 

1. Cytoplasmically determined MS plants known as A line in the genetic constitution. 

2. Fertile counter parts of A line known as maintainer line or B line with the genetic 

constitution. 

3. Restorer plants used to restorer the fertility in commercial seed plots known as R 

lines in the genetic constitution. 

Transfer of Male Sterility from Exotic lines to Nature lines: 

 Most of the times the MS lines obtained from other countries may not be suitable to 

our condition.  Examples are: 

Crop Source of cytoplasm Drawbacks 
Maize Texas Cytoplasm Susceptible to Helminthosporium leaf blight 
Sorghum Combined kafir Black glumes and cha lky endosperm 
Pearlmillet Tift 23 A (Tifton)  Susceptible to Green ear & downy mildew 
Rice Wild abortive  Incomplete panicle exertion 
Sunflower H petiolaris 

H gigantis 
 

Tobacco Microcephalan Reduced vigour in F1 hybrids 
Wheat Aegilops caudata Susceptible to pistiloidy 
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 Due to these drawbacks, the well adapted local lines should be converted into male 

sterile lines.  This can be done by repeated back crossing of the local lines to the exotic MS 

lines. 

 

Transfer of Male Sterility to a New Strain  

Maintenance of Male Sterile Line or A line: Since A line does not produce pollen, seed is 

not formed for maintaining A line. It has to be crossed with its fertile counter part having 

similar nuclear genes with fertile cytoplasm which is known as B-line. 

Production of Hybrid seed: For production of hybrid seed, A-line has to be kept as female 

parent and the pollen parent should posses the restorer genes in order to induce fertility and 

seed development in the next generation.  Such line is known as restorer line and denoted as 

‘R'line.  The A line & R line should be of different genetic constitution and should be able to 

give maximum heterosis. 

Limitations in using Male Sterile Systems: 

1. Existence and maintenance of A, B & R Lines is labourious and difficult 

2. If exotic lines are not suitable to our conditions, the native/adaptive lines have to be 

converted into MS lines 

3. Adequate cross pollination should be there between A and R lines for good seed set.  

4. Synchronization of flowering should be there between A & R lines. 

5. Sterility should be stable over the environments. 

6. Fertility restoration should be complete otherwise the F1 seed will be sterile 

7. Isolation is needed for maintenance of parental lines and for producing hybrid seed 

 

Lecture No. 21 

HARDY WEINBERG LAW – FACTORS AFFECTING EQUILIBRIUM 
FREQUENCIES IN RANDOM MATING POPULATIONS 

 
 Cross-pollinated crops are highly heterozygous due to the free intermating among 

their plants. They are often referred to as random mating populations because each individual 

of the population has equal opportunity of mating with any other individual of that 

population. Such a population is also known as Mendelian population or panmictic 

population. A Mendelian population may be though of having a gene pool consisting of all 

the gametes produced by the population. Thus gene pool may be defined as the sum total of 

all the genes present in a population. A population, in this case, consists of all such 

individuals that share the same gene pool, i.e., have an opportunity to intermate with each 
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other and contribute to the next generation of the population. Each generation of a Mendelian 

population may be considered to arise from a random sample of gametes from the gene pool 

of previous generation. For this reason, it is not possible to follow the inheritance of a gene in 

a Mendelian population by using the techniques of classical genetics. To understand the 

genetic make-up of such populations a sophisticated field of study, population genetics, has 

been developed. We shall examine the elementary principles of population genetics in order 

to understand the genetic composition of random mating populations, i.e., cross pollinated 

crops. 

Proof of Hardy-Weinberg law  

 The Hardy-Weinberg law is the fundamental law of population genetics and provides 

the basis for studying Mendelian populations. This law was independently developed by 

Hardy (1908) in England and Weinberg (1909) in Germany. The Hardy-Weinberg law states 

that the gene and genotype frequencies in a Mendelian population remain constant generation 

after generation if there is no selection, mutation, migration or random drift. The frequencies 

of the three genotypes for a locus with two alleles, say A and a, would be p2 A, 2pq Aa, and 

q2 aa ; where p represents the frequency of A and q represents the  frequency of a allele in the 

population, and the sum of p and q is one, i.e., p+q=1. Such a population would be at 

equilibrium since the genotypic frequencies would be stable, that is, would not change, from 

one generation to the next. This equilibrium is known as Hardy-Weinberg equilibrium. A 

population is said to be at equilibrium when frequencies of the three genotypes, AA, Aa and 

aa are p2, 2pq and q2, respectively. Whether a population is at equilibrium or not can be easily 

determined using a chi-square test. 

 Hardy-Weinberg law can be easily explained with the help of an example. Let us 

consider a single gene with two alleles, A and a, in a random mating population. There would 

be three genotypes, AA, Aa and aa, for this gene in the population. Suppose the population 

has N individuals of which D individuals are AA, H individuals are Aa and R individuals are 

aa so that D +H + R = N. The total number of alleles at this locus in the population would be 

2N since each individual has two alleles at a single locus. The total umber of A alleles would 

be 2D+H because AA individuals have two A alleles each, while each Aa individual has only 

one A allele. The ration (2D+H)/2N is, therefore, the frequency of A allele in the population, 

and is represented by p. Similarly, the ratio (2R + H) / 2N is the frequency of allele a, and is 

written as q. Therefore, 

p = (2D + H) / 2N or 

      = (D + ½ H) / N and 
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   q = (2R + H) / 2N or 

      = (R + ½ H) / N 

Therefore,       p + q = 1 

and              p = 1 – q, 

or             q = 1 – p 

 The value of p and q are known as gene frequencies. Gene frequency is the proportion 

of an allele, A or a, in a random mating population. In other words, the proportion of gametes 

carrying an allele, A or a, is known as gene frequency. The genotype frequency or zygotic 

frequency is the proportion of a genotype, AA, Aa or aa, in the population. Random mating 

or random union of the two types of gametes would produce the following genotypes in a 

ratio proportionate to the frequencies of the gametes that united to produce them. 

Factors affecting equilibrium frequencies 

 The equilibrium in random mating populations is disturbed by (1) migrations, (2) 

mutation, (3) selection and (4) random drift. These factors are also referred to as evolutionary 

forces since they bring about changes in gene frequencies, which is essential for evolution to 

proceed. Obviously, a population in which gene and genotype frequencies remain constant 

over generations cannot evolve any further, unless its gene and genotype freque ncies are 

disturbed. 

Migration  

 Migration is the movement of individuals into a population from a different 

population. Migration may introduce new alleles into the population or may change the 

frequencies of existing alleles. The amount of change in gene frequency q will primarily 

depend upon two factors ; first, the ratio of migrant individuals to those of the original 

population and second, the magnitude of difference between the values of q in the population 

and in the migrants. In plant breeding programmes, migration is represented by intervarietal 

crosses, polycrosses, etc., wherein the breeder brings together into a single population two or 

more separate populations. 

Mutation  

 Mutation is a sudden and heritable change in an organism and is generally due to a 

structural change in a gene. It is the ultimate source of all the variation present in biological 

materials. Mutation may produce a new allele not present in the population or may change the 

frequencies of existing alleles. However, since the mutation rate is generally very low, i.e., 

approximately 10-6, the effects of mutation on gene frequency would be detectable only after 

a large number of generations. Therefore, in breeding populations such effects may be 
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ignored. A desirable mutation may prove very useful when it is discovered. But a routine use 

of mutations in crop improvement would not be feasible until techniques for directed 

mutagenesis have been perfected. Directed mutagenesis implies that the experimenter should 

be able to induce a high frequency of the desired mutations through certain techniques. At 

present, directed mutagenesis is an ideal, which is yet to be achieved even partially. 

Random drift  

 Random drift or genetic drift is a random change in gene frequency due to sampling 

error, Random drift occurs in small populations because sampling error is greater in a smaller 

population than in a larger one. Ultimately, the frequency of one of the alleles becomes zero 

and that of the other allele becomes one. The allele with the frequency of one is said to be 

fixed in the population because there would be not further change in its frequency. It may be 

expected that in a small population all the genes would become homozygous, or would be 

fixed in due course of time. Breeding populations are generally small, hence a certain amount 

of genetic drift is bound to occur in them. The breeder cannot do anything to prevent this 

genetic drift, except to use very large populations, which is often not practicable. 

Alternatively, he may resort to phenotypic disassortative mating, which would again require 

time, labour and money.  

Inbreeding  

 Mating between individuals sharing a common parent in their ancestry is known as 

inbreeding. In small populations, a certain amount of inbreeding is bound to occur. 

Inbreeding reduces the proportion of heterozygotes or heterozygosity and increases the 

frequency of homozygotes or Homozygosity. The rate of decrease in heterozygosity is equal 

to ½ N (N=number of plant in the population) per generation in monoecious or 

hermaphrodite  species. In dioecious species and in monoeicious species where self-

pollination is prevented, the decrease in heterozygosity is somewhat lower ; it is equal to 

½(N=1) per generation. Thus in small populations, even with strict random mating or even 

with strict cross-pollination the frequency of homozygotes increases, while that of 

heterozygotes decreases due to inbreeding. 

Selection  

 Differential reproduction rates of various genetopes is known as selection. In crop 

improvement, selection is very important because it allows the selected genotypes to 

reproduce, while the undesirable genotypes are eliminated. Thus the breeder is able to 

improve the various characteristics by selecting for the desirable types. In a random mating 

population, if plants with AA or aa genotypes are selected, the frequency of A allele in the 
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selected population would be 1 or 0, respectively. It is assumed in this case that AA and aa 

genotypes would be identified without error. In the next generation, therefore, only A or a 

allele would be present, i.e., the alleles would be fixed. Here selection against the remaining 

genotypes is complete, that is, these genotypes are not allowed to reproduce. In such cases, 

the disadvantage in reproduction, i.e, selection differential (=s) is 1 and the fitness is zero for 

the remaining genotypes. The fitness of a genotype may be defined as its reproduction rate in 

relation to that of other genotypes. Generally, s has values less than one. Further, often it is 

not possible to identify the genotypes with certainty. The identification of genotypes is made 

difficult by dominance and due to less than 100 per cent heritability. This is particularly true 

for quantitative characters. As a result, selection is expected to change gene frequencies 

rather than to eliminate one or the other allele. 

 

Lecture No. 22 

HETEROSIS 

The term heterosis was first used by Shull in 1914. Heterosis may be defined as the 

superiority of an F, hybrid over both its parents in terms of yield or some other character. 

Generally, heterosis is manifested as an increase in vigour, size, growth rate, yield or some 

other characteristic. But in some cases, the hybrid may be inferior to the weaker parent. This 

is also regarded as heterosis; Often the superiority of F, is estimated over the average of the 

two parents, or the mid-parent. If the hybrid is superior to the mid -parent, it is regarded as 

heterosis (average heterosis or relative heterosis). However, in practical plant breeding, the 

superiority of F, over mid-parent is of no use since it does not offer the hybrid any advantage 

over the better parent. Therefore, average heterosis is of little or no use to the plant breeder. 

More generally, heterosis is estimated over the superior parent; such an estimate is sometimes 

referred to as heterobeltiosis. The term heterobeltiosis is not commonly used since most 

breeders regard this to be the only case of heterosis and refer to it as such i.e., heterosis. In 

1944, Powers suggested that the term heterosis should be used only when the hybrid is either 

superior or inferior to both the parents. Other situations should be regarded as partial or 

complete dominance. However, the commercial usefulness of a hybrid would primarily 

depend on its performance in comparison to the best commercial variety of the concerned 

crop species. In many cases, the superior parent of the hybrid may be inferior to the best 

commercial variety. In such cases, it will be desirable to estimate heterosis in relation to the 

best commercial variety of the crop; such an estimate is known as economic, standard or 
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useful heterosis. Economic heterosis is the only estimate of heterosis, which is of commercial 

or practical value.  

Heterosis and Hybrid Vigour 

Hybrid vigour has been used as a synonym of heterosis.  It is generally agreed that hybrid 

vigour describes only the superiority of hybrids over their parents, while heterosis describes 

other situations as well.  But a vast majority of the cases of heterosis are cases of superiority 

of hybrids over their parents.  The few cases where F1 hybrids are inferior to their parents 

may also be regarded as cases of hybrid vigour in the negative directions.  For example, many 

F1 hybrids in tomato are earlier than their parents.  Earliness in many crops is agriculturally 

desirable. It may be argued that the earliness of F1 hybrids exhibits a faster development in 

them so that their vegetative phase is replaced by the reproductive phase more quickly than in 

their parents.  Therefore, the use of heterosis and hybrid vigous as synonym seems to be 

reasonably justified. 

Luxuriance  

Luxuriance is the increased vigour and size of interspecific hybrids.  The principal difference 

between heterosis and luxuriance lies in the reproductive ability of the hybrids.  Heterosis is 

accompanied with an increased fertility, while luxuriance is expressed by interspecific 

hybrids that are generally sterile or poorly fertile.  In addition, luxuriance may not result from 

either masking of deleterious genes or from balanced gene combinations brought together 

into the hybrid.  Therefore, luxuriance does not have any adaptive significance.  

Historical 

Hybrid vigour in artificial tobacco (Nicotiana spp.) hybrids was first reported by Koelreuter 

in 1673. Subsequently, many workers reported hybrid vigour in a large numbe r of plant 

species. These hybrids were produced from interspecific as well as intraspecific crosses. In 

1876, Darwin  concluded that hybrids from unrelated plant types were highly vigorous. Most 

of our present knowledge on heterosis comes from the work on maize. Maize is perhaps the 

most extensively studied crop species with respect to heterosis and inbreeding depression. 

Beal studied the performance of intervarietal hybrids between 1877 and 1882. He reported 

that some hybrids yielded as much as 40 per cent more than the parental varieties. From 

subsequent studies on intervarietal crosses in maize, it became clear that some of the hybrids 

showed heterosis, while others did not. Crosses between distinct types, i.e., genetically 

diverse varieties, exhibited greater heterosis than those involving closely related varieties. 

  The genetic hypotheses to account for heterosis were first advanced during 1908. The 

dominance hypothesis was proposed Davenport in 1908 (it was later elaborated by Keeble 
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and Pellew in 1910) , while the overdominance hypothesis was put forth by East and Shull 

in the same year, i.e., 1908. In 1912, East and Hays  advocated heterosis breeding as an 

alternative plant breeding strategy. The concept of double cross hybrids was proposed by 

Jones in 1917, while that of top cross hybrids was advanced by Davis in 1927. 

Heterosis in Cross - and Self-Pollinated Species 

In general, cross-pollinated species show heterosis, particularly when inbred lines are used as 

parents. In many cross-pollinated species, heterosis has been commercially exploited, for 

example, in maize, bajra, jowar, cotton, sunflower, onion (A. cepa), alalfa, etc. Many crosses 

in self-pollinated species also show heterosis, but the magnitude of heterosis is generally 

smaller than that in the case of cross-pollinated species. But in some self -pollinated crops, 

heterosis is large enough to be used for the production of hybrid varieties. Hybrid varieties 

are commercially used in some vegetables, such as tomato, where a single fruit produces a 

large number of seeds, and in crops like rice. The chief drawback in the use of hybrid 

varieties in self-pollinated crops is the great difficulty encountered in the production of large 

quantities of hybrid seed. 

Manifestations of Heterosis 

Heterosis is the superiority of a hybrid over its parents. This superiority may be in yield, 

quality, disease and insect resistance, adaptability, general size or the size of specific parts, 

growth rate, enzyme activity, etc. These various manifestations of heterosis may be 

summarised as follows. 

1.  Increased yield. Heterosis is generally expressed as an increase in the yield of hybrids. 

Commercially, this phenomenon is of the greatest importance since higher yields are the 

most important objective of plant breeding. The yield may be measured in terms of grain, 

fruit, seed, leaf, tubers or the whole plant. 

2.  Increased Reproductive Ability.  The hybrids exhibiting heterosis show an increase in 

fertility or reproductive ability. This is often expressed as higher yield of seeds or fruits or 

other propagules, e.g., tuber in potato (S. tuberosum), stem in sugarcane (S. officinarum), 

etc. 

3.  Increase in Size and General Vigour. The hybrids are generally more vigorous, i.e., 

healthier and faster growing and larger in size than their parents. The increase in size is 

usually a result of an increase in the number and size of cells in various plant parts. Some 

examples of increased size are increases in fruit size in tomato, head size in cabbage, cob 

size in maize, head size in jowar, etc. 
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4.  Better Quality. In many cases, hybrids show improved quality. This may or may not be 

accompanied by higher yields. For example, many hybrids in onion show better keeping 

quality, but not yield, than open-pollinated varieties. 

5.  Earlier Flowering and Maturity. In many cases, hybrids are earlier in flowering and 

maturity than the parents. This may sometimes be associated with a lower total plant 

weight. But earliness is highly desirable in many situations, particularly in vegetables. 

Many tomato hybrids are earlier than their parents. 

6.  Greater Resistance to Diseases and Pests. Some hybrids are known to exhibit a greater 

resistance to insects or diseases than their parents. 

7.  Greater Adaptability. Hybrids are generally more adapted to environmental changes 

than inbreds. In general, the variance of hybrids is significantly smaller than that of 

inbreds. This shows that hybrids are more adapted to environmental variations than are 

inbreds. In fact, it is one of the physiological explanations offered for heterosis. 

 
8.  Faster Growth Rate. In some cases, hybrids show a faster growth rate than their parents. 

But the total plant size of the hybrids may be comparable to that of parents. In such cases, 

a faster growth rate is not associated with a larger size. 

9.  Increase in the Number of A Plant Part. In some cases, there is an increase in the 

number of nodes, leaves and other plant parts, but the total plant size may not be larger. 

Such hybrids are known in beans (P. vulgaris) and some other crops. 

 These are some of the characteristics for which heterosis is easily observed. Many other 

characters are also affected by heterosis, e.g. enzyme activities, cell division, vitamin content 

(vit. C content in tomato), other biochemical characteristics, etc., but they are not so readily 

observable. 

 

Lecture No: 23  

GENETIC BASES OF HETEROSIS AND INBREEDING DEPRESSION 

Heterosis and inbreeding depression are closely related phenomena. In fact, they may 

be regarded as the opposite sides of the same coin. Therefore, genetic theories that explain 

heterosis also explain inbreeding depression. There are three main theories to explain 

heterosis and, consequently, in breedings depression: (1) dominance, (2) over dominance, and 

(3) epistatis hypotheses. 

Dominance Hypothesis   
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The dominance hypothesis was first proposed by Davenport in 1908. It was later expanded 

by Bruce, and by Keeble and Pellew in 1910. In simplest terms, this hypothesis suggests that 

at each locus the dominant allele has a favourable effect, while the recessive allele has an 

unfavourable effect. In heterozygous state, the deleterious effects of recessive alleles are 

masked by their dominant alleles. Thus heterosis results from the masking of harmful 

effects of recessive alleles by their dominant alleles. Inbreeding depression, on the other 

hand, is produced by the harmful effects of recessive alleles, which become homozygous 

due to inbreeding. Therefore, according to the dominance hypotheses, heterosis is not the 

result of heterozygosity; it is the result of prevention of expression of harmful recessives by 

their dominant alleles. Similarly, inbreeding depression does not result from homozygosity 

per se. but from the homozygosity of recessive alleles, which have harmful effects. 

Objections. Two objections have been raised against the dominance hypothesis. The first 

objection relates to the failure in isolation of lines homozygous for all the dominant genes    

The second objection is directed at the symmetrical distributions obtained in F2 populations. 

1.  Failure in the Isolation of Inbreds as Vigorous as Hybrids. According to the 

dominance hypothesis, it should be possible to isolate inbreds with all the dominant 

genes. Such inbreds would be as vigorous as the Fx hybrids. However, such inbreds have 

not been isolated in many studies. But in some studies, it has been possible to recombine 

genes so that inbred lines as good as or superior to the heterotic hybrids were isolated. 

2.  Symmetrical Distribution in F2. In F2, dominant and recessive characters segregate in 

the ratio of 3 : 1. According to the dominance hypothesis, quantitative characters, 

therefore, should not show a symmetrical distribution in F 2. This is because dominant and 

recessive phenotypes would segregate in the proportion (3/4 + 1/4)", where n is the 

number of genes segregating. However, F2's nearly always show a symmetrical 

distribution. 

Explanations for the Objections. In 1917, Jones suggested that since quantitative characters 

are governed by many genes, these genes are likely to show linkage. It may be expected that 

dominant and recessive genes governing a character would be linked together. In such a case, 

inbreds containing all the dominant genes cannot be isolated because this would require 

several precisely placed crossovers. It would also explain the symmetrical curves obtained in 

F2. This explanation is often known as the dominance of linked genes hypothesis. 

Later in 1921, Collins  showed that if the number of genes governing a quantitative character 

was large, symmetrical distribution would be obtained even without linkage. Further, it is 

unlikely that a plant containing all the dominant genes would be recovered if the number of 
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genes were large even if they were not linked. The distribution curve would further become 

symmetrical due to the effects of environment, that is, due to less than 100 per cent 

heritability.  

Overdominance Hypothesis  

This hypothesis was independently proposed by East and Shull in 1908. This is sometimes 

known as single gene heterosis, superdominance, cumulative action of divergent alleles, and 

stimulation of divergent alleles. The idea of superdominance, i.e., heterozygote superiority, 

was initially put forth by Fisher in 1903; it was elaborated by East and Shull in 1908 to 

explain heterosis. According to overdominanc e hypothesis, heterozygotes at atleast some of 

the loci are superior to both the relevant homozygotes. Thus heterozygote Aa would be 

superior to both the homozygotes AA and aa. Consequently, heterozygosity is essential for 

and is the cause of heterosis, while homozygosity resulting from inbreeding produces 

inbreeding depression. It would, therefore, be impossible to isolate inbreds as vigorous as Fx 

hybrids if heterosis were the consequence of overdominance. 

In 1936, East proposed that at each locus showing overdominance, there are several 

alleles, e.g., ah a2, a^, a4......, etc., with increasingly different functions. He further proposed 

that heterozygotes for more divergent alleles would be more heterotic than those involving 

less divergent ones. For example, axa4 would be superior to axa2, a2a-x, or a^a^. It is assumed 

that the different alleles perform somewhat different functions. The hybrid is, therefore, able 

to perform the functions of both the alleles, which is not possible in the case of two 

homozygotes. 

Evidence for Overdominance. There are not many clear-cut cases where the heterozygote is 

superior to the two homozygotes; in fact, overdominance has not been demonstrated 

unequivocally for any polygomic trait (see, Banga and Banga, 1998). This has been the 

biggest objection to the general acceptance of overdominance hypothesis. But there is no 

doubt that in the case of some oligogenes, heterozygotes are superior to the homozygotes. In 

case of maize, gene ma affects maturity. The heterozygote Ma ma is more vigorous and later 

in anthesis and maturity than the homozygotes Ma Ma and ma ma. Gustafsson has reported 

two chlorophyll mutants in barley that produce larger and more number of seeds in the 

heterozygous state than do their normal homozygotes. Simila rly, heterozygotes for the 

hooded gene in barley show a higher rate of photosynthesis than the two homozygotes. 

In human beings (Homo sapiens), sickle cell anaemia is produced by a recessive gene 

s which is lethal in the homozygous state. In Africa, the heterozygotes Ss are at a sel active 

advantage over the normal SS individuals because they are more resistant to malaria. Ai other 



 

 92 

case of heterozygote advantage is reported in Neurospora crassa (bread mold). Gene pab is 

concerned with the synthesis of/7-aminobenzoic acid. The heterozygote pab+ pab is more 

vigorous and shows a faster growth rate than the two homozygotes pab pab and pab+pab+.   

But the number of such genes where heterozygote superiority has been established 

beyond doubt is limited. There is a large number of cases, however, where heterozygotes for 

chromosome segments, e.g., inversions, etc., or complex loci are known to be superior to the 

homozygotes,   However,   the superiority of heterozygotes need not be a  result of 

overdominance.  It could more easily be due to linkage in the repulsion phase or epistatic 

effects, i.e., an interaction between two or more nonalleles.  

Comparison between Dominance and Overdominance Hypotheses 

The two hypotheses lead to similar expectations, but they do differ from each other 

with respect to some expectations. The similarities and differences between them are listed 

below (Table 13.2). 

Similarities. The two hypotheses have the following similarities. 

1.   Inbreeding would produce inbreeding depression. 

2.   Outcrossing would restore vigour and fertility. 

3.   The degree of heterosis would depend upon the genotypes of the two parents. In general, 

the greater the genetic diversity between the parents, the higher the magnitude of heterosis. 

Differences. The chief differences between the two hypotheses are  

1.  Heterozygotes are superior to the two homozygotes according to the overdominance 

hypothesis, while according to the dominance hypothesis they are as good as the 

dominant homozygote. 

2.  Inbreds as vigorous as the F, hybrid can be isolated according to the dominance 

hypothesis, but it will be impossible according to the overdominance hypothesis. 

3.  According to dominance hypothesis, inbreeding depression is due to homozygosity of 

harmful recessive alleles, while as per overdominance hypothesis, it is due to 

homozygosity itself. 

4.  According to the overdominance hypothesis, heterosis is the consequence of 

heterozygosity per se. But as per dominance hypothesis it is the result of dominant alleles 

masking the deleter ious effects of their recessive alleles, and heterozygosity itself is not 

the cause of heterosis. 

TABLE 13.2  

A comparison between dominance and overdominance hypotheses of heterosis 
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Epistasis Hypothesis  

In 1952, Gowen had suggested that influence of one locus on the expression of another may 

be involved in heterosis. Subsequently, considerable data has accumulated to implicate 

epistasis as a cause of heterosis. For example, a majority of heterotic crosses show significant 

epistasis. But all heterotic crosses do not show epistasis, and all crosses that show epistasis 

are not heterotic. In many cases, the effects of a single homozygous successive allele is 

epistatic to almost the whole genetic make up of an inbred. When the effects of such an allele 

are masked by its dominant allele, the effects on heterosis are usually dramatic (Stuber 1994). 

However, epistatic variance usually forms only a much smaller component of the total 

genetic variance than do additive and dominance variances. 

Theoretically, epistatic interactions will lead to the maximum heterosis when the 

following two conditions are met with. (1) First, the epistasis should be predominantly of 

complementary type, i.e., the estimates of h (dominance effects) and / (dominance x 

dominance interaction effects) have the same sign so that they do not cancel each other out. 

Second, the interacting pairs of genes should be dispersed in both the parents. It has been 

suggested that in the absence of overdominance, dispersion (between the two parents of 

hybrids) of genes showing complementary epistasis seems to be the major cause of heterosis. 

In many experiments, multiplicative interaction has been reported as a cause of heterosis; it 

was concluded that in such cases, epistatic effects are nonlinear functions of the one-locus 

involve several mutually interacting genes. 

Conclusion 
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In spite of the large experimental evidence accumulated, it is not possible to 

conclusively accept or reject one or the other hypothesis. There are definitely some genes that 

show heterozygote superiority. But the number of such genes appears to be rather small, and 

even these cases could be due to linkage in repulsion phase or epistasis or both. It is generally 

accepted that heterosis, to a large extent, is due to dominance gene action, but epistasis and 

overdominance are also involved (both in self- and cross-pollinated crops; see, banga and 

Banga, 1998). The relative importance of these phenomena is, however, not clearly 

understood. Recent evidence accumulated with maize seems to suggest that overdominance 

may not be the primary cause of heterosis. Overdominance is easily imitated by epistasis and 

linkage, and that most reported cases of overdominance may not represent true 

overdominance. 

Molecular markers linked to quantitative trait loci (QTLs) have been used to 

investigate the relative significance of dominance, overdominance and epistasis in heterosis. 

Some workers have reported important overdominance, others have observed preponderance 

of dominance and some others have found extensive epistasis in various crops. For example, 

in one elite rice hybrid (Zhenshan 97 x Minghin 63) overdominance was observed for most of 

the QTLs for yield, but the overall heterozygosity was of little significance to heteroris. 

Digenic epistasis was frequent and widespread even between such loci that did not show 

overdominance. Thus single -locus overdominance (but not the overall heterozygosity) and 

epistasis appeared to be important contributors to heterosis in this rice hybrid (Yi etai, 1997). 

But as pointed out earlier, a QTL may consist of more than one polygene, and repulsion 

phase linkage and or epistasis could easily mimick overdominance. 

PHYSIOLOGICAL BASES OF HETEROSIS 

Early studies on the physiological basis of heterosis related to embryo and seed sizes, growth 

rates in the various stages of development, rates of reproduction and of various assimilation 

activities. It was suggested that hybrid vigour resulted from larger embryo and endosperm 

sizes of the hybrid seeds as compared to those of the inbreds. As a result, the rate of growth 

in the seedling stage may by expected to be greater in the hybrids than in the inbreds. But 

these relationships were clearly demonstrated in some cases, while in other cases they were 

not detectable. There is evidence that increased size of hybrids is a result of an increase both 

in the size and the number of cells. This and other observations indicate a basic difference in 

the metabolic activities of hybrids and inbreds. In 1952, Whaley concluded that the primary 

heterotic effect concerns growth regulators and enzymes. He suggested that the hybrid 

embryo would be able to mobilize stored food materials earlier than those of the inbreds due 
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to a more efficient enzyme system. This, in turn, would lead to the superiority of hybrids at 

least in the early seedling stages. 

Khanna-Chopra et al. (1993) concluded that heterotic hybrids generally show a faster 

growth rate, higher leaf area index and greater biomass production than do their parents, but 

their harvest index (HI) is comparable to those of their parental inbreds (see, Verma et al., 

1993). In case of plants, the major components of total biomass are net assimilation rate and 

leaf area index. Heterotic hybrids are generally earlier in flowering mainly due to their faster 

initial growth rate. 

Net Assimilation Rate 

Some heterotic hybrids show heterosis for photosynthesis at the seedling stage (Sinha and 

Khanna, 1975). Subsequently, heterosis for C02 exchange rate in wheat and for 

photosynthetic efficiency in some hybrids of rice were reported. It has been suggested that 

heterosis for photosynthetic efficiency was associated with an increased N content in tissues 

of rice and that this association results in the inconsistencies observed for heterosis for 

photosynthesis. It has been suggested that most likely heterosis for photosynthesis is not 

related to heterosis for yield (see, Banga and Banga, 1998). 

Leaf Area Index (LAI) 

The total area of leaf produced per square meter of a crop is known as leaf area index (LAI). 

Hybrids in various crops show distinct advantage over their parents in terms of LAI, 

especially during the early growth phases. Studies in cotton and rice demonstrate that 

heterosis in leaf area index during the early seedling stages is likely be manifested as 

significant advantage during the later stages of crop growth (see, Banga and Banga, 1998). 

However, it must be realized that heterosis for yield results from an increase in both source 

and sink capabilities; increase in one without a corresponding increase in the other will only 

be a wasteful exercise. 

 

Root Growth  

Many hybrids show heterosis for root growth. Root growth depends on shoot growth 

and roots serve as 'sinks' for the photosynthates till such time when the 'sinks' contributing to 

economic yield start developing. The enhanced photosynthetes produced by hybrids due to 

their higher LAI, etc. may lead to production of longer root systems. 

Hormone Balance  

It has been suggested that heterosis is the consequence of a superior hormone balance 

(relative concentrations of various plant hormones) in hybrids as compared to those of their 
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parents. In case of maize, inbreds contain lower levels of GA3 and respond to exogenous GA3 

application (in terms of shoot growth acceleration), while the hybrids contain relatively  

higher endogenous GA3 levels. But these studies were based on seedling growth, which does 

not appear to be correlated with final yield in the majority of crops. Therefore, critical 

evidence in support of hormone balance hypothesis is lacking. 

Metabolic Concept 

Yield can be viewed as the end product of a series of reactions controlled by many rate-

limiting specific enzymes. It has been suggested that inbreds have an unbalanced metabolic 

system in which certain enzyme are present in rate-limiting concentrations. Different 

enzymes may be rate-limiting in different inbreds so that when two such inbreds that 

complement each other in terms of their rate -limiting enzymes are crossed, a heterotic F\ 

hybrid is obtained.  

Mitochondrial Complementation 

It was proposed by Sarkissian in 1972, and elaborated by Srivastava in 1975, that 

mitochondrial and chloroplast heterogeneity may be the cause of hybrid vigour. It has been 

shown that mitochondria isolated from seedlings of the hybrids and their parents show 

different efficiencies of oxidative phosphorylation and of respiration rates. However, the 

efficiency of oxidative phosphorylation in mitochondria of heterotic hybrids is often 

comparable to that of mitochondria from nonheterotic hybrids. In addition, heterosis in 

mitochondrial activity in maize could not be correlated with grain weight/ear in maize. In 

conclusion, there is little concrete evidence in support of organelle activities being the basis 

of heterosis. 

In 1998, Banga (See, Banga and Banga, 1998) concluded that "the understanding regarding 

the exact role of the many physiological contributions for the expression of heterosis still 

remains unclear." 

 

COMMERCIAL UTILIZATION 

Heterosis is observed in almost every crop species studied. Often the degree of 

heterosis is considerably high to permit its commercial exploitation. Heterosis is 

commercially used in the form of hybrid or synthetic varieties. Such varieties have been most 

commonly used in cross-pollinated and often cross-pollinated crop species. In several self-

pollinated species also hybrid varieties have been commercially used. Attempts have been 

made to utilize heterosis higher price than in the case of those that fetch a lower price. 

Further, the quantum of additional production will increase with the level of useful heterosis, 
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and also with the average yield/ha of the standard varieties of the crop. Therefore, the level of 

heterosis required to generate a given quantum of additional yield will depend on the average 

yield of crop; it will be lower in crops having higher yields than in crops having lower yields. 

The commercial significance of hybrid technology may be illustrated with the 

singular success of hybrid maize in U.S.A. The yield of open-pollinated maize varieties 

ranged between -20 and -32 bushels per acre between 1870 and 1930. Around this time, 

double cross maize hybrids were introduced; their yields increased steadily from -25 bushels 

per acre during 1935 to -55 bushels/acre during 1960s. The introduction of single cross 

hybrids around this time marked a quantum jump in maize yields; it started from -62 

bushels/acre in 1960 and rose to -120 bushels/acre by 1990. These data, and those from many 

other countries, demonstrate the unquestionable superiority of single cross maize hybrids 

over other varietal forms. 

Similarly, hybrid rice has become quite popular in China. The first hybrid variety of 

rice was released in 1976, and by 1997 hybrid rice occupied -54% of the total paddy area and 

contributed nearly 64% of the total paddy production in China. 

 

 
Lec. No. 24    Inbreeding Depression 

Inbreeding or consanguineous mating is mating between individuals related by 

descent or ancestry.   

When the individuals are closely related, e.g., in brother-sister mating or sib mating, the 

degree of inbreeding is high.  

The highest degree of inbreeding is achieved by selfing.  

The chief effect of inbreeding is an increase in homozygosity in the progeny, which is 

proportionate to the degree of inbreeding.  

The degree of inbreeding of an individual is expressed as inbreeding coefficient (F).  

The degree inbreeding is proportional to degree of homozygosity.  
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Inbreeding depression may be defined as the reduction or loss in vigour and fertility as 

a result of inbreeding.  

Inbreeding depression = F1-F 2 / F1 x 100 

Historical  

Inbreeding depression has been recognized by man for a long time.  

Marriages between closely related individuals has been prohibited since early time in many 

societies. Because people are aware of the harmful effects of such marriages in the progeny.  

A systematic observations on effect of inbreeding started during 17th century when inbreeding 

became a common practice in cattle breeding. 

In 1876, Darwin published his book on cross and self fertilization in vegetable 

kingdom.  He concluded that progeny obtained from self fertilization were weaker than those 

obtained from out crossing.  

Darwin also reported the results from his experiments on self and cross fertilization 

in maize for the first time.  

East (1908) and Shull (1909) independently showed the effect of inbreeding 

depression while working in maize. Subsequently scientists reported inbreeding depression in 

other crop plants.  

It has become clear that in cross pollinated crops and in asexually propagated species 

inbreeding has harmful effect which are severe. 

Effects of inbreeding  

 Inbreeding is accompanied with a reduction in vigour and reproductive capacity i.e. 

fertility. There is a general reduction in the size of various plant parts and in yield. In many 

species, harmful recessive alleles appear after selfing; plants or lines carrying them usually do 

not survive. The different effects of inbreeding are : 

1. Appearance of Lethal and Sublethal Alleles : IB results in appearance of lethal; 

sublethal and subvital characters. Eg : Chlorophyll deficiencies, rootless seedlings, 

flower deformities – They do not survive, they lost in population. 

2. Reduction in vigour : General reduction in vigour size of various plant parts. 

3. Reduction in Reproductive ability : Reproductive ability of population decreases 

rapidly. Many lines reproduce purely that they can not be maintained. 

4. Separation of the population into distinct lines : population rapidly separates into 

distinct lines i.e. due to increase in homozygosity. This leads to random fixation of 

alleles in different lines. Therefore lines differ in genotype and phenotype. It leads to 

increase in the variance of the population.  



 

 99 

5. Increase in homozygosity : Each lines becomes homozygous. Therefore, variation 

within a line decreases rapidly. After 7-8 generations of selfing the line becomes more 

than 99% homozygous. These are the inbreds. These have to be maintained by selfing. 

6. Reduction in yield  : IB leads to loss in yield. The inbreds that survive and maintained 

have much less yield than the open pollinated variety from which they have been 

developed.  

Degrees of inbreeding depression 

Inbreeding depression may range from very high to very low or it may even be absent. 

The ID is grouped into 4 categories.  

1. High inbreeding depression : Eg : alfalfa and carrot show very high ID. A large 

proportion of plants produced by selfing show lethal characteristics and do not 

survive. 

2. Moderate inbreeding depression : Eg : Maize, Jowar and Bajra etc. show moderate 

ID. Many lethal and sublethal types appear in the selfed progeny, but a substant ial 

proportion of the population can be maintained under self-pollination. 

3. Low inbreeding depression : Eg : Onion, many Cucurbits, Rye and Sunflower etc. 

show a small degree of ID. A small proportion of the plants show lethal or subvital 

characteristics. The loss in vigour and fertility is small ; rarely a line cannot be 

maintained due to poor fertility.  

4. Lack of inbreeding depression : The self-pollinated species do not show ID, 

although they do show heterosis. It is because these species reproduce by self-

fertilization and as a result, have developed homozygous balance. 

Procedure for development of inbred lines and their evaluation  

1. Development of inbred lines: Inbred lines are developed by continues self fertilization of 

a cross-pollinated species. Inbreeding of an OPV leads to many deficiencies like loss of 

vigour, reduction plant height, plants become susceptible to lodging, insects and pests and 

many other undesirable characters appear. After each selfing desirable plants are selected and 

self pollinated or sib pollinated. Usually it takes 6-7 generations to attain near homozygosity. 

An inbred line can be maintained by selfing or sibbing. The purpose of inbreeding is to fix 

the desirable characters in homozygous condition in order to maintain them without any 

genetic change. 

The original selfed plants is generally referred as So plant and the first selfed progeny as S1 

second selfed progeny as S2 as so on. The technique of inbreeding requires careful attention 
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to prevent natural crossing. The inbred lines are identified by numbers, letters or combination 

of both. In India inbred lines are developed are released through co-ordinate maize 

improvement scheme and are designated as CM (Co-ordinate maize), CS (Co-ordinate 

sorghum) etc. 

 

  CM-100-199 -  Yellow flint 

  CM-200-299 -  Yellow Dent 

  CM-300-399 -  White Flint 

  CM-400-499 -  White Dent 

  CM-500-599 -  Yellow  

  CM-600-699 -  White 

2. Evaluation of inbred lines: After an inbred line is developed, it is crossed with other 

inbreds and its productiveness in single and double cross combination is evaluated. The 

ability or an inbred to transmit desirable performance to its hybrid progenies is referred as its 

combining ability.  

GCA : The average performance of an inbred line in a series of crosses with other inbred 

lines is known as GCA. 

SCA : The excessive performance of a cross over and above the excepted performance based 

on GCA of the parents is known as specific combining ability 

Thus GCA is the characteristic of parents and SCA is characteristic of crosses or hybrids. The 

inbreds are evaluated in following way. 

 

 

a. Phenotypic evaluation: It is based on phenotypic performance of inbreds themselves. It is 

effective for characters, which are highly heritable i.e. high GCA. Poorly performing inbreds 

are rejected. The performance of inbreds is tested in replicated yield trials and the inbreds 

showing poor performance are discarded.  

b. Top Cross test: The inbreds, which are selected on phenotypic evaluation, are crossed to a 

tester with wide genetic eg. An OPV, a synthetic variety or a double cross. A simple way of 

producing top cross seed in maize is to plant alternate rows of the tester and the inbred line 

and the inbred line has to be detasselled. The seed from the inbreds is harvested and it 

represents the top cross seed. The performance of top cross progeny is evaluated in replicated 

yield trains preferably over locations and years. Based on the top cross test about 50% of the 
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inbred are eliminated. This reduces the number of inbreds to manageable size for next step. 

Top cross performance provides the reliable estimate of GCA. 

 

c. Single cross evaluation: Out standing single cross combinations can be identified only by 

testing the performance of single cross. The remaining inbred lines after top cross test are 

generally crossed in diallel or line x tester mating design to test for SCA. A single cross 

plants are completely heterozygous and homogenous and they are uniform. A superior single 

cross regains the vigour and productivity that was lost during inbreeding and can be more 

vigorous and productive than the original open pollinated variety. The performance of a 

single cross is evaluated in replicated yield train over years and location and the outstanding 

single cross identified and may be released as a hybrid where production of single cross seed 

is commercially feasible.  

In case of maize the performance of single cross is used to predict the double cross 

performance.  

Number of single crosses with reciprocals = n (n-1) 

Number of single crosses without reciprocals = n (n-1)/2 

 

Lecture No: 25     

Exploitation of Heterosis  

Hybrid Varieties 

 When F1 generation from a cross between two or more purelines, inbreds, clones or 

other genetically dissimilar populations / lines is used for commercial cultivation, it is called 

hybrids varieties. 

History 

 Hybrid varieties were first commercially exploited in maize. Beal in 1878 suggested 

that heterosis can be exploited by growing hybrids in maize. He suggested that in maize 

certain varietal crosses showed substantial heterosis upto 52%. Later Shull in 1909 suggested 

that inbreds can be developed from open pollinated varieties by continuous self fertilization 

and then inbreds could be combined to produced superior hybrids (single cross hybrid).  

 Shull scheme could not be exploited commercially because of the following reasons : 

1. Superior inbreds were not available in those days. 
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2. Since the female parent was an inbred the amount of hybrid seed produced per acre 

was low (30-40% of the open pollinated varieties). Therefore, the hybrid seed was 

more expensive. 

3. The male parent was also was an inbred so there is poor pollen availability. Therefore, 

more area has to be maintained under male parent. Hence hybrid seed production 

became more expensive. 

4. The hybrid seed was often poorly developed as it was produced by an inbred and had 

a relatively poor germination. So it needs higher seed rate. 

The last three difficulties are overcome by double cross scheme proposed by Jones in 

1918. Since in double cross the male and female parents are single cross hybrid, the pollen 

production and seed production are abundant, seed quality and germination are high, and as a 

result hybrid seed production was not expensive / it is low.  

First double cross hybrid in U.S.A. was Burr Leaming Dent in 1922 in maize.  

In India hybrid maize began in 1952 under AICRP on maize improvement. In 

collaboration with Rock Feller Foundation. Four hybrids were released in 1961 Ganga -1, 

Ganga-101, Rangit and Deccan. The first hybrid Jowar was released in 1964 i.e. CSH-1 while 

that of Bajra HB-1.   

Hybrid maize could not become popular in India because 1) Intensive management 

and Input requirement for hybrids 2) need for changing of the seed every year. Hence 

development of composite varieties in maize during 1967 namely Vijay, Kisan, Amber etc. 

Prediction of the Performance of Double Cross Hybrids  

 In a double cross hybrid, four inbred parents are involved. Theoretically, the potential 

of the double cross will be the function of the inbreeding value of these four parental inbreds. 

Therefore, based on the procedure of testing of the breeding value of inbreds, the 

performance of a double cross hybrid can be predicted through any of the four methods 

indicated by Jenkins (1934). Starting with the simplest procedure these methods are: 

a) Top-cross testing (one cross per inbred) to know the breeding value to each of the 

four inbreds (total 4 top-crosses per double cross). 

b) Mean of the four non-parental single crosses involved in (AXB) X (CXD) double 

cross, viz., (AXC), (AXD), (BXC) and (BXD) (total 4 non-parental single crosses per 

double cross). 

c) Average yield performance of all possible six crosses [n(n-1)/2], namely AXB, AXC, 

AXD, BXC, BXD and CXD (total six crosses per double cross). 
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d) Average progeny-performance of each inbred can be de termined by the mean 

performance of each inbred in all possible single crosses where it occurs (n-1 crosses  

per inbred). For instance, the mean performance of AXB, AXC and AXD will 

determine the average breeding value of the inbred A. Similarly, the mean of AXB, 

BXC and BXD will indicate the potential of the inbred B and so on (total 12 crosses 

per double cross).  

These procedures of predicting the performance of double cross hybrids have been 

extensively investigated long ago. The available evidence shows that the method (b), i.e., 

mean performance of non-parental single crosses, is the most adequate and effective, since 

there is a close correspondence between predicted and realized yields of double crosses in 

maize. Fortunately, the total number of crosses required to be sampled per double cross is 

also the minimum, thus greatly facilitating the testing programme.  

 

All possible single crosses (in a diallel mating)   = n(n-1)  

Where, n = number of inbred lines  

 

All possible single crosses excluding reciprocal crosses  = n(n-1)/2 

 

Total number of three way crosses     = n(n-1) (n-2) / 2 

 

Total number of double cross hybrids    = n(n-1) (n-2) (n-3) / 8 

Lecture No. 26 
SYNTHETICS AND COMPOSITES VARIETIES 

  
 The possibility of commercial utilization of synthetic varieties in maize was first 

suggested by Hayes and Garber in 1919.  synthetic varieties have been of great value in the 

breeding for those cross-pollinated crops where pollination control is difficult, e.g., forage 

crop species, many clonal crops like cacao, alfalfa (M.Sativa), clovers (Trifoulim sp.) etc.    

The maize improvement programme in India now places a considerable emphasis on 

synthetic varieties.  The maize programme of CIMMYT.  Mexico, is based on population 

improvement; the end-product of such a programme is usually a synthetic variety.   

DEFINITIONS 

A synthetic variety is produced by crossing in all combinations a number of lines that 

combine well with each other.  Once synthesized, a synthetic is maintained by open-

pollination in isolation.  Some breeders use the terms synthetic variety in a restricted sense : a 
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synthetic variety is regularly reconstructed from the parental lines and is not maintained by 

open-pollination.   

  A composite variety is produced by mixing the seeds of several phenotypically 

outstanding lines and encouraging open-pollination to produce crosses in all combinations 

among the mixed lines.  The lines used to produce a composite variety are rarely tested for 

combining ability with each other.  Consequently, the yields of composite varieties cannot be 

predicted in advance for the obvious reason that the yields of all the F1’s among the 

component lines are not available.  Like synthetics, composites are commercial varieties and 

are maintained by open-pollination in isolation. 

Germplasm complexes are produced by mixing seeds from several lines or populations of 

diverse genetic origin.  The objective of germplasm complexes is to serve as reservoirs of 

germplasm.  Germplasm complexes are experimental populations and they are not 

commercial varieties. 

OPERATIONS IN PRODUCING A SYNTHETIC VARIETY 

 By definition, a synthetic variety consists of all possible crosses among a number of 

lines that combine well with each other.  The lines that make up a synthetic variety may be 

inbred lines, clones, open-pollinated varieties, short-term inbred lines or other populations 

tested for GCA or for combining ability with each other.  The operations involved in the 

production of synthetic varieties are briefly described below. 

 

 

Evaluation of Lines for GCA 

GCA of the lines to be used as the parents of synthetic varieties is generally estimated by 

topcross or polycross test.  The lines are evaluated for GCA because synthetic varieties 

exploit that portion of heterosis, which is produced by GCA. Polycross refers to the progeny 

of a line produced by pollination with a random sample pollen from a number of selected 

lines.  Polycross test is the most commonly used test in forage crops.  Polycross progeny are 

generally produced by open-pollination in isolation among the selected lines.  The lines that 

have high GCA are selected as parents of a synthetic variety.  

Production of A Synthetic variety 

A synthetic variety may be produced in one of the following two ways. 

1. Equal amounts of seeds from the parental lines are mixed and planted in isolation.  

Open-pollination is allowed and is expected to produce crosses in all combinations.  
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The seed  from this population is harvested in bulk; the population raised from this 

seed is the Syn1 generation. 

2. All possible crosses among the selected lines are made in isolation.  Equal amounts of 

seed from each cross is composited to produce the synthetic variety.  The population 

derived from this composited seed is known as the syn1 generation. 

Multiplication of Synthetic Varieties 

After a synthetic variety has been synthesized, it is generally multiplied in isolation for one or 

more generations before its distribution for cultivation.  This is done to produce commercial 

quantities of seed, and is a common practice in most of the crops, e.g., grasses, clovers, maize 

etc.  But in some crops, e.g., sugarbeets, the synthetic varieties are distributed without seed 

increase, i.e., in the Syn1 generation. 

 The open-pollinated progeny from the Syn1 generation is termed as Syn2, that from 

Syn2 as syn3 etc. The performance of Syn2 is expected to be lower than that of syn1 due to the 

production of new genotypes and a decrease in the level of heterozygosity as a consequence 

of random mating.  However, there would not be a noticeable decline in the subsequent 

generations produced by open-pollination since the zygotic equilibrium for any gene is 

reached after one generation of random mating.  The synthetic varieties are usually 

maintained by open-pollinated, and may be further improved through population 

improvement schemes, particularly through recurrent selection. 

MERITS OF SYNTHETIC VARIETIES 

Synthetic varieties offer several unique advantages in comparison to hybrid varieties in the 

exploitation of heterosis.  These advantages are listed below. 

1. Synthetic varieties offer a feasible means of utilizing heterosis in crop species where 

pollination control is difficult.  In such species, the production of hybrid varieties 

would not be commercially viable. 

2. The farmer can use the grain produced from a synthetic variety as seed to raise the 

next crop.   

3. In variable environments, synthetics are likely to do better than hybrid varieties.  This 

expectation is based on the wider genetic base of synthetic varieties in comparison to 

that of hybrid varieties. 

4. The cost of seed in the case of synthetic varieties is relatively lower than that of 

hybrid varieties.   

5. Seed production of hybrid varieties is a more skilled operation than that of synthetic 

varieties. 
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6. Synthetic varieties are good reservoirs of genetic variability.  The composites and 

germplasm complexes also serve as gene reservoirs.   

7. There is good evidence that the performance of synthetic varieties can be considerably 

improved through population improvement without appreciably reducing variability.  

DEMERITS OF SYNTHETIC VARIETIES 

1. The performance of synthetic varieties is usually lower than that of the single or 

double cross hybrids.  This is because synthetics exploit only GCA, while the hybrid 

varieties exploit both GCA and SCA. 

2. The performance of synthetics is adversely affected by lines with relatively poorer 

GCA.  Such lines often have to be included to increase the number of parental lines 

making up the synthetic as lines with outstanding GCA are limited in number. 

3. Synthetics can be produced and maintained only in cross-pollinated crop species, 

while hybrid varieties can be produced both in self- and cross-pollinated crops. 

Factors determining performance of synthetic varieties 

The yield of syn2 would be less than that of syn1 due to loss in heterozygocity as a result of 

random mating. 

The decrease in yield ability of syn2 would depend on 

1. The number of inbred lines and 

2. On the difference in the yielding abilities of syn1 and syn0 generations. 

Sewall wright, 1922 suggested the formula for predicting the performance of syn2. 

syn2 = syn1 (syn1 – syn0) / n   
where n = number of parental lines 

How to improve the performance of syn2 ? there 3 ways  

1. By increasing the number of lines 

2. By increasing the performance of syn1 

3. By improving the performance of parental lines 

 
Difference between synthetics and composites 

 Synthetics     Composites 

1. No. of inbredlines are less (6-8)  No. of lines are more (even upto 20)  

2. GCA of parental lines is tested  No. testing 

3. Performance can be predicted  Cannot be predicted 

4. Broad based    More broad based 

5. Synthetic can be reconstituted   Cannot be reconstituted 

    at a later date     
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6. Seed replacement after 4-5 years  After 3-4 years 

 

Achievements  

 Synthetic varieties have been widely used in forage crops and in crops where 

pollination control is difficult. The maize breeding programme at CIMMYT, Mexico and the 

pearlmillet programme at ICRISAT, Hyderabad are based on synthetic varieties generally 

developed through population improvement. The maize breeding programme in India is 

placing increasingly greater emphasis on the production of synthetic or composite varieties.  

 In India, the first composite varieties were released in 1967; the six maize composites 

were, Ambar, Jawahar, Kisan, Vikaram, Sona and Vijay.  

 Composite 1, has been evolved in Brassica campestris Var. toria. It was developed by 

compositing 10 elite toria strains; it matures in 100 days, exhibits profuse branching and 

yields about 11 q/ha seed, which contains about 40% oil. 

 

Lecture No 27 
POPULATION IMPROVEMENT  

 
 Cross pollinated crops are highly heterozygous and heterogeneous.  Consequently, 

they show varying degrees of inbreeding depression.  Therefore, inbreeding should be 

avoided or kept to a minimum in cross pollinated crops. Individual plants are heterozygous 

and their progeny would be heterogeneous and usually different from the parent, due to 

segregation and recombination.  Therefore, desirable genes can be seldom fixed through 

selection in cross pollinated crops except for highly heritable qualitative characters.  Hence, 

the breeder aims of increasing the frequency of desirable alleles in the population.  In cross 

pollinated crops, the genotype of the individual plants is generally of little importance, 

especially in population improvement programmes but, the frequency of desirable alleles or 

genes in the population as a whole is more important. 

 The population improvement methods may be grouped into two general classes. 

1. Selection without progeny testing : Plants are selected on the basis of their 

phenotype, and no progeny test is carried out.  Eg : Mass selection. 

2. Selection with progeny testing  : The Plants are initially selected on the basis of their 

phenotype, but the final selection of the plants that contribute to the next generation is 

based on progeny testing.  The methods are eg : 

a. Progeny selection or ear to row method 

b. Line breeding 
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c. Recurrent selection 

Progeny selection  

 This method was developed by Hopkins in  908 and used extensively in maize.  In its 

simplest form the ear-to-row method of selection is as follows 

1. Number of plants (50-100) are selected on the basis of phenotypic superiority.  They 

are allowed to open pollinate and the seed is harvested separately. 

2. Progeny rows are grown (each10-50 plants) from the selected plants.  They are 

evaluated for desirable characters and superior progenies are identified.  

3. From the superior progenies several superior plants are selected based on phenotypic 

characters.  Plants are allowed to open pollinate.  Plants are harvested separately. 

4. Small progeny rows are grown and the process of selection and raising progeny rows 

is repeated till superior population is obtained.  May be for 2 or  3 selection cycles.  

At the end superior plants from superior families are selected and composited to 

produce a new variety. 

Several modifications of ear to row method are available and many more may be 

developed to suit the needs of the breeder. 

Merits of progeny selection 

1. Selection is based on progeny test and not phenotype as in mass selection. 3-8% 

improvement is possible per each selection cycle. 

2. Inbreeding is avoided by selection of large number of plants. 

3. Method is relatively simple and easy. 

Demerits of progeny selection 

1. No. control on pollination and thus selection is based on maternal parent only. 

2. Each selection cycle takes 2 years in many cases. 

Line breeding  

 It is a variation of progeny selection in which one or several cycles of selection is 

carried out on the basis of progeny tests.  At the end of the selection process i.e. in the last 

selection cycle, the superior lines or progenies are composited to produce a new variety.  

Hence, it is known as line breeding in contrast to progeny selection where superior plants 

from superior progenies are composited at the end.  The merits and demerits are almost same 

in the case of progeny selection. 

Achievements  

Mass and progeny selections have been extensively used for the improvement of cross –

pollinated crops.  The early varieties of bajra were developed through mass selection; some 
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of the examples are; Bajapur i, Jamnagar Giant, AF 3, S 530 and Pusa Moti; all these varieties 

were isolated from African introductions.  Mass selection improved the yielding ability of 

toria by 30% and oil content by 56%; a further increase of 16% in yield was obtained by 

using mass-pedigree method.   

 

Lecture No 28    

RECURRENT SELECTION 

History :  Breeding schemes similar to recurrent selection were first suggested in 1919 by 

Hayes and Garber and independently by East and Jones in 1920.  critical data were not given 

by the above scientist.  First detailed description of this type of breeding method was 

published by Jenkins in 1940 as a result of his experiments with early testing for GCA in 

maize.  The method acquired its name in 1945 when Hull suggested detailed scheme of 

recurrent selection for SCA, Hull (1952) defined recurrent selection as “Method which 

involves reselection generation after generation with interbreeding of selects to provide for 

genetic recombination”. 

 The advantages of recurrent selections are 

1. The rate of inbreeding can be kept at low level 

2. The frequency of favourable genes in the population will be increased and so 

3. The chance of obtaining satisfactory individuals from the population will be increased 

because greater opportunity for recombination is present. 

The are four types of recurrent selections. 

1. Simple recurrent selection 

2. Recurrent selection for GCA 

3. Recurrent selection for SCA 

4. Recuprocal recurrent selection 

 

1. Simple Recurrent selection : 

 

I year : Several phenotypically superior plants are selected selfed.   
Harvested separately and evaluated.  Seed of superior plants 
retained and the rest are discarded. 

II year : Individual plant progeny rows are raised.  The progeny rows are 
intercrossed in all possible combinations.  Equal amounts of seed 
from each cross is taken and mixed.  This forms the source for 
next selection cycle. 

Original 
selection 
cycle 

III year: Seed obtained in II year is planted Number of superior plants First selection 
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selection and harvested separately.  Seed evaluated.  Seeds of 
superior plants retaine d and the rest discarded.  

IV year : Progeny rows are raised.  Inter crossed in all possible ways.  Equal 
amount of seed from each cross is composited.  This mixed seed 
forms the source for next selection cycle. 

cycle 

 

 

 

 The procedure may be repeated for another one or two selection cycles.  The 

affectiveness of the simple recurrent selection was published with data by Sprague and 

Brimhall (1950). 

 This is useful for characters that can be measured on individual plants and having 

high heritability.  The procedure is to be modified suitably for characters which can not be 

messured on individual plants. 

2. Recurrent selection for general combining ability 

 Recurrent selection for GCA was first suggested by Jenkins in 1935.  in this method a 

tester with broad genetic base i.e. open pollinated variety or a synthetic or segregating 

generations is used for evaluating the lines for GCA. 

Procedure : 

I year : Several phenotypically superior plants are selected from source population.  Each 

selected plant is selfed as well as crossed to a tester with broad genetic base.  The selfed 

seeds are harvested separately and saved for planting in the third year.  The test crossed seeds 

also harvested separately. 

II year : A replicated yield trial is conducted using the test crossed seeds.  At the end the 

superior progenies are identified. 

III year : Selfed seed (from the first year) of the plants that produced superior progenies on 

the basis of yield trial of second year is planted in separate progeny rows.  These progenies 

are inter crossed in all possible combinations.  Equal amount of seed from each intercross is 

composited to raise the source population for next selection cycle. 

IV year : Source population is raised from the composited seeds.  Several phenotypically 

superior plants are selected.  They are selfed and crossed to a tester (broad genetic base) 

selfed seed harvested separately and saved for planting in 

V year : Test crossed seed also harvested separately.   

Year : Repeat as in second year 

VI year : Repeat as in third year.  This completes the first selection cycle. 
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 The second and third selection cycle may be initiated if necessary.  

 The recurrent selection for GCA. 

1. May be used for improving the yielding ability of the population and the end product 

may be released as a synthetic variety or  

2. May be used for increasing the frequency of desirable genes in the population and the 

population may be used for isolating superior inbreds. 

 

3. Recurrent selection for specific combining ability : 

The recurrent selection for SCA was first proposed by Hull in 1945.  the objective is 

the isolate from a population such lines that will combine well with a given inbred 

useful for selecting lines for SCA. 

The procedure for recurrent selection for SCA is identical with that of recurrent 

selection for GCA, expect that the tester used here is an inbred (narrow genetic base) 

4. Reciprocal recurrent selection : 

Reciprocal recurrent selection was first proposed by Comstock, Robinson and Harvey 

in 1949.  this would be useful. 

1. For selecting both for SCA and GCA 

2. For improving two source population simultanniously. 

Procedure : 

I year : Two source populations (A & B) are taken, several phenotypically superior plants are 

selected from each population.  Each of the selected plant is selfed.  Each of the selected 

plant from source A is crossed with random plants from B. Similar each of the selected plants 

are crossed with random plants of A.  plants of a will act as tester for B. The selfed seed is 

harvested separately and saved for planting in III year.  Top crossed seed from each plant is 

also harvested separately. 

II year : Two replicated yield trials are conducted, progeny rows of Test cross seeds of 

population A in one plot and test cross seeds of population B in another plot are raised.  

Plants (I year) producing superior progenies (in II year) are identified. 

III year : Selfed seed (saved in I year)  from plants selected on the basis of evaluation of 

progeny rows (in the II year) is planted  in plant to row progeny in two crossin g plots.  Seeds 

of selected plants from population A in one plot and that of the B in another plot.  All 

possible intercrosses among the progeny rows in each plot are made.  Equal amount of seed 

from all intercrosses from the crossing plot A is mixed to ra ise the source population of ‘A’ 
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next year.  Similarly equal amount of seed from inter crosses of plot B is mixed to raise 

source population B next year.  This completes original selection cycle. 

IV year : Source populations of A & B are raised from composited seeds of A & B ( III year).  

Operations of the first year i.e. selection of plants, selfing and crossing with the plants of 

other population etc.  are done. 

V year : operations as in second year are repeated. 

VI year : Operations as in third year are repeated.  This completes first selection cycle.  The 

populations may be subjected to further selection cycles, if necessary by repeating the 

procedure outlined above. 

Conclusion on the efficiency of different Recurrent selection Schemes : 

1. If dominance is incomplete 

Recurrent selection for GCA and reciprocal recurrent selection are equal but both are 

superior to recurrent selection for SCA. 

2. If dominance is complete the three methods are equal 

3. If overdominance is present 

Reciprocal recurrent selection and recurrent selection for SCA are equally effective 

both are superior to recurrent selection for GCA. 

Lecture No. 29 

METHODS OF BREEDING FOR VEGETATIVELY PROPAGATED CROPS 

Clone :  A clone is a group of plants produced from a single plant through asexual 

reproduction. 

 The  crop plants can either be propogated by seeds or by vegetative parts.  The 

vegetative propogation is resorted due to : 

1. Lack of seed   : Eg. Ginger, termiric  

2. There is short viability of seed : Eg.  Sugarcane 

3. The seed production is very rare : Eg. Banana 

4. Seeds are produced under special conditions only :  Eg. Sugarcane, potato 

Characteristics of Asexually propagated crops : 

1. Majority of them are perennials  : Eg . Sugarcane, fruit trees.   

The annual crops are mostly tuber crops : Eg. Potato, cassava, Sweet potato 

2. Many of them show reduced flowering and seed set 

3. They are invariably cross pollinated 

4. These crops are highly heterozygous and show severe inbreeding depression upon 

selfing. 
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5. Majority of asexually propagated crops are polyploids : Eg. Sugarcane, Potato, Sweet, 

Potato 

6. Many species are interspecific hybrids.  Eg. Banana, Sugarcane 

Characteristics of a clones : 

1. All the individual belonging to a single clone are identical in genetype 

2. The phenotypic variation within a clone in due to environment only 

3. The phenotype of a clone is due to the effects of genotype(g), the environment(e) and 

the genotype x environment interaction (GxE), over the pop.mean(M) 

4. Theoratically clones are immortal.  They deteriorate due to viral/bacterial infection 

and mutations. 

5. Clones are highly heterozygous and stable 

6. They can be propagated generation after generation without any change. 

Importance of a clone  

1. Owing to heterozygosity and sterility in many crops clones are the only means of 

propagation. 

2. Clones are used to produce new varieties. 

3. Clones are very useful tools to preserve the heterozygosity once obtained. In many 

crops the superior plants are maintained. (Mango, orange, apple, sugarcane) 

Sources of clonal selection : 

1. Local varieties 

2. Introduced material 

3. Hybrids and 

4. Segregating populations 

Clonal selection : 

 The various steps involved in clonal selection are briefly mentioned below. 

First year : From a mixed variable population, few hundred to few thousand desirable plants 

are selected.  Rigid selection can be done for simply inherited characters with high 

heritability.  Plants with obvious weakness are eliminated. 

Second year : Clones from the selected plants are grown separately, generally without 

replication.  This is because of the limited supply of propagating material for each clone, and 

because of the large number of the clones involved.  

 Characteristics of the clones will be more clear now than in the previous generation. 

Based on the observations the inferior clones are eliminated.  The selection is based on visual 
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observations and on judgement of the breeder on the value of clones.  Fifty to one hundred 

clones are selected on the basis of clonal characteristics. 

Third year : Replicated preliminary yield trial is conducted.  A suitable check is included for 

comparison few superior performing clones with desirable characteristics are selected for 

multilocation trials. 

 At this stage, selection for quality in done. If necessary, separate disease nurseries 

may be planted to evaluate disease resistance of the clones. 

Fourth to eighth years : Replicated yield trials are conducted at several locations along with 

suitable check.  The yielding ability, quality and disease resistance etc. of the clones are 

rigidly evaluated.  The best clones that are superior to the check in one or more 

characteristics are identified for release as varieties. 

Ninth year : The superior clones are multiplied and released as varieties. 

Advantages : 

1. Varieties are stable and easy to maintain 

2. Avoids inbreeding depression 

3. Clonal selection, combined with hybridization generates necessary variability for 

several selections. 

4. Only method to improve clonal crops 

5. Hybrid vigour is easily utilized selection may be used in maintaining the  purity of 

clones. 

Disadvantages 

1. Selection utilizes the natural variability already present in the population.   

2. Sexual reproduction is necessary for creation of variability through hybridization. 

3. Applicable only to the vegetatively propagative crops. 

Problems in Breeding asexually propagated crops 

1. Reduced flowering and fertility 

2. Difficulties in genetic analysis 

3. Perennial life cycle. 

Genetic variation within a clone  

 Genetic variation within a clone may arise due to : 

1. Mutation 

2. Mechanical mixture 

3. Sexual Reproduction 
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1. Mutation : The frequency is generally very low (10-5 to 10-7).  Ordinarily dominant 

mutations would be expressed in the somatic tissue.  A mutant allele would be 

homozygous only when. 

i) both the alleles in a cell mutate at the same time producing the same 

mutant allele or  

ii) The mutant allele is already in heterozygous condition in the original 

clone.  Though rare, both these events are possible.  Bud mutations may 

aften produce chimeras i.e. an individual containing cells of two or more 

genotypes. 

But mutations make possible selection of buds to establish new desirable clones, 

the process being known as Bud selection.  It is of some importance in 

improvement of perennial crops like fruit trees or of those crops where flowering 

does not take place.  It requires large number of plants to be observed and several 

trained persons to detect the mutant buds.  Hence the bud selections are practiced 

in commercial plantations. 

2. Mechanical mixtures : Mechanical mixtures produces genetic variation within a 

clone much in the same way as in the case of purelines. 

3. Sexual reproduction : Occasional sexual reproduction would lead to segregation and 

recombination.  The seedlings obtained from sexual reproduction would be 

genotypically different from the asexual progeny. It is evident that only clones would 

tend to became variable atleast in annuals and biennials.  Eg. Potato 

Clonal degeneration : The loss in vigour and productivity of clones with time is known as 

clonal degeneration and results due to : 

1. Mutation 

2. Viral diseases 

3. Bacterial diseases 

Achievements  

I. Through clonal selection : 

Potato :  1.Kufri Red from Darjeeling Red Round 

2. Kufri Safed from phulwa 

3. Bombay Green banana is a bud selection from dwarf Cavendish : pidi monthan 

from Monthan 

II. Through hybridization : 

Potato : 
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Kufri Alankar, Kufri Kuber, Kufri Sindhuri, Kufri Kundan, Kufri Chamatkar 

Kufri Jyothi (late blight resistant), Kufri Sheetman (frost resistant) 

Sugarcane : Co 1148, Co 1158, CoS 510, Co 975, Cos 109, Co 541 

Mango : Pedda Neelam, Chinna Suwarnarekha 

Bana : High gate from Gross Michel 

Citrus : Robertson Navel Orange 

Sweet oranges : Yuvaraj blood Red 

Turmeric : Kesari,    Kasturi 
 
 

Comparison among clones, purelines and inbreds  
 

S. No. Particular Clone  Pureline  Inbred

1 Mode of pollination in crop species 
where they occur  

Cross-pollination Self-pollination Cross-pollina tion 

2 Natural mode of reproduction in 
such species 

Asexual (in most of the 
cases) 

Sexual Sexual 

3 Genetic make-up of the plants in 
natural population of such species 

Heterozygous Homozygous Heterozygous  

4 Obtained through Asexual reproduction from 
a single plant 

Natural self-pollination 
from a single homozygous 
plant  

Artificial self-pollination (or 
other form of inbreeding) and 
selection for several 
generation 

5 Maintained through Asexual reproduction Natural self-pollination Artificial self-pollinati
close inbreeding 

6 All the plants in a single entity are 
genetypically  

Indentical  Identical Almost identical 

7 Used directly as a variety Yes Yes No (Used in developing 
hybrid or synthetic varieties)

8 The genetic make -up of plants 
within a variety 

Heterozygous  Homozygous  Almost homozygous

9 Organism where found  Plants Plants Plants and animals

 

 

 
Lecture No. 30  

MUTATION   BREEDING 
 
 The term mutation was coined by Hugo Devries in 1900 for the first time and the 

word is derived from the latin word ‘MUTARE’ means to change.  Mutation is the sudden 

heritable change other than the Mendelian segregation and gene recombination in an 

organism.   
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Mutation may be the result of a change in a gene, a change in chromosome that involves 

several genes or a change in plasmagene. 

 Mutations produced by changes in the base sequence of genes are known as gene or 

point mutations some mutations may be produced by changes in chromosome structure or 

even in chromosome number they are termed as chromosomal mutation. 

There are three types of mutations based on genetic basis of heritable change  : 

1. Gene mutations : These are produced by change in the base sequence of genes. The 

change may be due to base substitutions, deletion or addition.  

2. Chromosomal mutation : These arise due to change in chromosome number that may 

leads to polyploidy or aneuploidy or change in chromosome structure that result in 

deletions duplication, inversion and translocation. 

3. Cytoplasmic or plasmagene mutation : These are due to change in the base sequence 

of plasma genes. The plasma genes are present in mitochondria or chloroplast. Here 

the mutant character occurrs in buds or somatic tissues which are used for propagation 

in clonal crops. 

Classification of mutations :  

Based on origin, the mutations are classified as spontaneous and induced mutations.  

1. Spontaneous mutations : Mutations occur in natural populations at a low rate (10-6) 

but different genes may show different mutation rates.  Here the different genes show 

different mutation rate. For example : in maize R-locus mutates at the frequency of 

4.92 x 10-4 i.e. (1 in 20000 population), when as Su locus at 2.4 x 10-6 ( 1 in 25 lakhs). 

The Wx locus considered to be highly stable. 

The difference in mutation rate may be due to  a) Genetic back gr ound i.e. 

presence of mutator genes b) Genes them selves c) Environment  

2. Induced mutation : Mutations may be artificially induced by treatment with certain 

physical or chemical agents.  Available evidence indicates that induced mutation 

rarely produce new alleles they produce alleles which are already known to occur 

spontaneously.  Induced mutations are comparable to spontaneous mutations in their 

effects and in the variability they produce.  Induced mutation occur at a relatively 

higher frequency so that it is practical to work with them.   

3. Based on magnitude of phenotypic effects mutation as classified as  

Macro mutations : Oligogenic Mutation – Large phenotypic effect and recognizable on 

individual plant basis and can be seen easily in M2 generations – Eg. Ancon breed in sheep, 

pod maize to cob maize 
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Micro mutations : Polygenic mutations – Small phenotypic effect which can not be 

recognized on individual plant basis but can be recognize only in a group of plants.  Selection 

should be done in M3 or later ge nerations. 

Characteristic feature of mutations  

1. Mutations are generally recessive but dominant mutations also occur  

2. Mutations are generally harmful to the organism.  Most of the mutations have 

deleterious effects but small proportion (0.1%) of them are beneficial. 

3. Mutations are random i.e. they may occur in any gene.  However some genes show 

high mutation rates than the others. 

4. Mutations are recurrent 

5. Induced mutations commonly show pleiotropy often due to mutation in closely linked 

genes. 

Procedure for irradiation : The plant material may be treated in any of the following 

source. 1. Seeds, 2. Seedlings, 3. Flowers, 4. Cuttings 

1. Seeds : Seeds are used after soaking to get greater frequency of induced mutations 

than air dried.  

2. Seedlings : At any stage of life cycle can be subjected to radiation but usually 

seedlings neither too young nor too old are irradiated due to their convenience in 

handling in pots transportation from nursery easily. 

3. Flowers : Meiotic cells have been found more sensitive than the mitotic  cells and 

therefore plants are irradiated in the flowering stage in order to affect the  developing 

gametes. 

4. Cuttings : In case of fruit tree when they are propagated by clones – the desirable 

cuttings are exposed to irradiation. 

 

Selection of the variety for mutagen treatment 

The variety selected for mutagenesis should be the best available in the crop.  

 

Dose of the Mutagen 

An optimum dose of the mutagen should be used. An optimum dose is the one which 

produces the maximum frequency of mutations and causes the minimum killing.  Many 

workers feel that a dose close to LD50 should be optimum.  LD50  is that dose of a mutagen, 

which would kill 50% of the treated individuals. 

Mutation Breeding for oligogenic traits  
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The handling procedure described here is based on the selection for a recessive mutant allele 

of an oligogene. 

1.  M1.  Several hundred seeds are treated with a mutagen and are speceplanted.  In general, 

the number of treated seeds is so adjusted as to give rise to -500 fertile M1 plants at the 

harvest.  Care should be taken to avoid outcrossing;  this can be achieved either by 

planting the M1 population in isolation or by bagging the inflorescenes of M1 plants or 

even the whole M1 plants.  M1 plants will be chimeras for the mutations present in 

heterozygous state.  About 20 to 25 seeds from each M1 spike are harvested separately to 

raise the M2 progeny rows. 

2.  M2. About 2,000 progeny rows are grown.  Careful and regular observations are made on 

the M2 rows.  But only distinct mutations are detected in M2 because the observations are 

based on single plants.  All the plants in M2 rows suspected of containing new mutations 

are harvested separately to raise individual plant progenies in M3.  if the mutant is 

distinct, it is selected for multiplication and testing.  However, most of the mutations will 

be useless for crop improvement.  Only 1-3 per cent of M2 rows may be expected to have 

beneficial mutations. 

Alternatively, M2 may be grown as a bulk produced by compositing one or more, but 

equal number of, seeds from each M1 spike/fruit/branch.  Individual plants are then 

selected in M2 and individual plant progenies are grown in M3. 

3.  M3.  Progeny rows from individual selected plants are grown in M3.  Poor and inferior 

mutant rows are eliminated.  If the mutant progenies are homogeneous, two or more M3 

progenies containing the same mutation may be bulked.  Mutant M3 rows are harvested in 

bulk for a preliminary yield trial in M4. 

4.  M4. A preliminary yield trial is conducted with a suitable check, and promising mutant 

lines are selected for replicated multilocation trials. 

5.  M5-M7. Replicated multilocation yield trials are conducted.  The out-standing line may be 

released as a new variety.  The low yielding mutant lines, however, should be retained for 

use in hybridization programmes. 

Mutation breeding for polygenic traits :Mutagenesis does produce genetic variation in 

polygenic traits; this variation is usually as much as 50% of that generated in F2 generation, 

but sometimes it may be as much as or even greater than the latter. 

1. M1 and M2.  M1 and M2 are grown in the same way as in the case of oligogenic traits.  

In M2, vigorous, fertile and normal looking plants that do not exhibit a mutant 
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phenotype are selected and their seeds are harvested separately to raise individual 

plant progeny rows in M3. 

2. M3. Progeny rows from individual selected plants are grown.  Careful observations 

are made on M3 rows for small deviations in phenotype from the parent variety.  

Inferior rows are discarded.  Few rows may be homogeneous and would be harvested 

in bulk.  Selection in done in M3 rows showing segregation;  a majority of M3 rows 

would show segregation.  Intensive and careful evaluation of a large number of M3 

progeny rows allows identification of mutants with altered quantitative traits, e. g., 

partial or horizontal disease resistance.  Such mutants occur in high frequencies that 

approach 1% or even high, so that their isolation becomes quite cost effective. 

3. M4.  Bulked seed from homogeneous M3 rows may be planted in a preliminary yield 

trial with a suitable check; superior progenies are selected for replicated multi-

location yield trials.  Individual plant progenies from M3 are critically observed.  

Progenies showing segregation may be subjected to selection only if they are 

promising.  Super ior homogeneous progenies are harvested in bulk for preliminary 

yield tests in M5. 

4. M5-M8. Preliminary yield trials and / or multi-location trials are conducted depending 

upon the stage when the progenies become homogeneous.  Outstanding progenies 

may be released as new varieties. 

Applications of Mutation Breeding  

 Mutation breeding has been used for improving both oligogenic as well as polygenic 

characters.  Mutagenesis has been used to improve morphological and physiological 

characters including yielding ability.  Various applications of mutation breeding are : 

1. Induction of desirable mutant alleles which may not be available in the germplasm 

2. It is useful in improving specific characteristics of a well adapted high yielding 

variety. 

3. Mutagenesis has been successfully used to improve various quantitative characters 

including yield. 

4. F1hybrids from intervarietal crosses may be treated with mutagens in order to increase 

genetic variability by inducing mutation and to facilitate recombination of linked 

genes. 

5. Irradiation of interspecific (distant) hybrids has been done to produce translocations. 

Advantages : 

1. Mutation create inexhaustible variation. 
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2. When no improvement is possible this method has to be adopted. 

Limitations : 

1. Frequency of desirable mutations is very low about 0.1 percent.  To detect the 

desirable one in M2 considerable time, labour & other resources are to be employed.  

2. To screen large population, efficient quick and unexpensive selection techniques are 

needed. 

3. Desirable mutations may be associated with undesirable side effects due to other 

mutations thus extending  the mutation breeding programme. 

4. Detection of recessive mutations in polyploids and clones is difficult and larger doses 

of mutagen have to be applied and larger populations are to be grown. 

Achievements : 

a) Natural mutants : 

Rice : GFB 24 – arose as a mutant from Konamani variety Dee – Gee – Woo –  

   Gen – Arose as a mutant from rice in China 

 MTU 20 – arose as a mutant from MTU-3  

 Sorghum  Co. 18 – arose as a mutant from Co. 2 

 Cotton : DB 3-12 from G. heroaccum variety Western 1 

b) Induced mutants : 
Rice : Jagannath-gamma ray induced mutant from T.141 

Wheat : Sarbati Sonora Gamma radiation from Sonora 64 

    NP 836 mutants, through irradiation from NP 709 

Cotton : Indore 2 Induced from Malwa upland 4 

    MLU  7 gamma ray induced mutant from culture 1143 EE 

    MLU 10 gamma ray induced mutant from MLU  4 

Mustard : Primax whicte (1950) 
Summer Pope seed Regina   I (1953)  
Sugarcane : Co.8152 gamma ray induced mutant from Co. 527 
Groundnut : NC 4 
Cas tor : Aruna (NPH1) – Fast neutrons induced mutant from HC 6 

Lecture No. 31  
Polyploidy 

 
 The somatic chromosome number of any species, whether diploid or polyploidy, is 

designated as 2n, and the chromosome number of gametes is denoted as n.  An individual 

carrying the gametic chromosome number, n, is known as haploid.  A monoploid, on the 

other hand, has the basic chromosome number, x.  In a  diploid species, n=x; one x 
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constitutes a genome or chromosome complement.  The different chromosomes of a single 

genome are distinct from each other in morphology and or gene content and homology; 

members of a single genome do not show a tendency of pairing with each other.  Thus a 

diploid species has two, a triploid has 3 and a tetraploid has 4 genomes and so on.  

 In euploids, the chromosome number is an exact multiple of the basic or genomic 

number.  Euploidy is more commonly known as polyploidy.  When all the genomes present   

in   a polyploidy   species   are   identical,   it is known as   autopolyploid and the situation is 

termed as autopolyploidy.  In the case of allopolyploids, two or more distinct genomes are 

present.  Euploids may have 3 (triploid), 4(tetraploid), 5 (pentaploid), or more genomes 

making up their somatic chromosome number.  In case of autopolyploidy, they are known as 

autotriploid, autotertaploid, autopentaploid, and so on, while in the case of allopolyploidy 

they are termed as allotriploid, allotetraploid, allopentaploid, etc.   

 Amphidiploid is an allopolyploid that has two copies of each genome present in it 

and, as a consequence, behaves as a diploid during meiosis.  A segmental allopolyploid 

contains two or more genomes, which are identical with each other, except for some minor 

differences. 

Autopolyploids  

Origin and production of doubled chromosome numbers:  

1. Spontaneous : chromosome doubling occurs occasionally in somatic tissues and 

unreduced gametes are produced in low frequencies. 

2. Production of adventitious buds : decapitation in some plants leads to callus 

development at the cut ends of the stem. Such a callus has some poluploid clls and 

some of the shoot buds regenerated from the callus may be polyuploid. In solanaceae 

6-36% of adventitious buds are tetraplods. The frequency of ployploid buds may be 

increased by the application of 1% IAA at the cut ends as it promotes callus 

development. 

3. Treatment with physical agents: Heat or cold tretment centrifugation , x-ray or 

gamma ray irradiation may produce polyplods. Exposing the plants or ears of maize to 

a temperature of 38-45 oC at the time of the first division of zygote produce 2-5 % 

tetraploid progeny.  

4. Regeneration in vitro: polyploidy is a common feature of the cells cultured in-vitro. 

5. Colchicine treatment: Colchicine treatment is the most effective and the most widely 

used treatment for chromosome doubling. 

Autopolyploidy 
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 In autopolyploidy, triploidy, tetraploidy and higher levels of ploidy are included. 

Morphological and cytological features of auto polyploids : 

 The general features are summerised below. 

1. Polyploids have larger cell size than diploids.  Guard cells of stomats are larger the 

number of stomata per unit area is less in polyploids than diploids. 

2. Pollen grains of polyploids are generally larger than those of the corresponding 

diploids. 

3. Polyploids are generally slower in growth and later in flowering. 

4. Polyploids usually have larger and thicker leaves, and larger flowers and fruits which 

are usually less in number than in diploids. 

5. Polyploids generally show reduced fertillility due to irregularities during meiosis and 

due to genotypic  imbalance leadint to physiological disturbances.’ 

6. In many cases autopolyploidy leads to increased vigour and vegetative growth.  

7. Different species have different levels of optimum ploidy.  For sugarbeet the optimum 

level is 3x, sweetpotato 6x while for timothy grass it is between 8-10x. 

8. Autopolyploids generally have a lower dry mattercontent than diploids. 

Application of Autopolyploidy in Crop improvement 

Triploids  

 Triploids are produced by hybridization between tetraploid and diploid strains.  They 

are generally highly sterile, except in a few cases.  This feature is useful in the production of 

seedless watermelons.  In certain species, they may be more vigorous than the normal 

diploids, e.g., in sugarbeets.  These two examples are described in some detail. 

Seedless watermelons are produced by crossing tetraploid (4x, used as female) and diploid 

(2x, used as male) lines, since the reciprocal cross (2x x 4x) is not successful.  The triploid 

plants do not produce true seeds; almost all the seeds are small, white rudimentary structures 

like cucumber (cucumis stivus) seeds. But few normal size seeds may occur which are 

generally empty. For good seed setting pollination is essential. For this purpose diploid lines 

are planted in the ratio 1 diploid : 5 triploid  plants. There are several problem viz. genetic 

instability of 4x lines, irregular fruit shape, a tendency towars hollowness of fruits, 

production of empty seeds and the labour involved in trioploid seed production. 

1. Triploid sugarbeets : Among root crops triploid sugar beets apparently represent the 

optimum level of polyploidy because 3n plants have longer roots than diploid and also 

yield more sugar per unit area. 
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2. tetraploid rye : the advantage of tetraploid over its diploid counterpart are large 

kernel size, superior ability to emerge under adverse condition and higher protein 

content.tetraploid rye varieties have been released for cultivation. Eg. Double steel, 

Tetra petkus. 

Limitations of autoployploidy:  

1. Larger size autoployploiods generally contain more water and produce less dry matter 

content than diploids 

2. High sterility with poor seed setting is observed 

3. Due to complex segregation, progress through selection is slow 

4. Monoploids and triploids cannot be maiontained except through clonal propagation 

5. The varieties cannot be produced at will 

6. Effects of autopolyploidy cannot be predicted.  

Segregation in Auto tetraploids 

 Segregation in autotetraploids is much more complex than in diploids.  Depending 

upon the number of dominant alleles present, they are referred as simplex (Aaaa), duplex 

(AAaa), triplex (AAAa), Quadruplex (AAAA) and nulliplex (aaaa).  On selfing a simplex 

will produce two types of gametes Aa and aa in 1:1 ratio due to random chromosome 

segregation. Self pollination of such a simplex would produce.  There genotypes AAaa, Aaaa 

and aaa in the ratio 1:2:1 giving the phenotypic ratio of 3 : 1.  while produces 3 types of 

gametes viz., AA, Aa and aa in the ratio of 1:12:15 due to random chromatid segregation 

selfing of a simplex in such a case is expected produce the following progeny. 

Quadraplix  AAAA  1 

Triplex  AAA a  24 

Duplex  AAaa  174 

Simplex Aaaa  360 

Nulliplex aaaa  225 

    784 

Allopolyploidy : 

 Allopolyploids have genomes from two or more species production of allopolyploids 

has attracted cons iderable attention; the aim almost always was creation of new species.  

Some success has been evident from the emergence of triticale.  Raphano brassica and 

allopolyploids of forage grasses. 

Morphological and extological features of allopolyploids  
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1. Allopolyploids combine the morphological and physiological characteristics of the 

parent species but it is very difficult to predict the precise combination of chracters 

that would appear in the new species. 

2. Many allopolyploids are apomictic 

Ex : Tulips, Solanum 

3. The chromosome pairing in the new species depends upon the similarities between the 

chromosomes of the parental species.  Chromosomes with such similarities are known 

as hhomoeologous chromosomes.  After chromosome doubling, the allopolyploid 

would have two homelegous chromosomes for each chromosome present in the F1 

hybrid, comparable to the diploid species.  Such allopolyploid is referred as 

amphidiploid or Allotetra ploid. 

4. Fertility of Allopolyploids can be improved by hybridization and selection. 

Application of allopolyploidy in crop improvement : 

1. Utilization as a Bridging species : 

Amphidiploids serve as a bridge in transfer of characters from one species to a related 

species, generally from a wild species to cultivated species. 

 An example of use of an amphidiploid as a bridging species in the use of synthetic 

N.digluta or transfer of resistance to tobacco mosaic virus from N.glutinosa to N.tabacum.  

The F1 hybrid from the cross N.tabacum x N.glutinosa is sterile.  Chromosome doubling of 

the F1 hybrid produces the synthetic allehexaploid N.digluta which is reasonably fertile.  N 

digluta is backcrossed to the recipient species (N.tabacum) to produce a pentaploid having 

complete somatic chromosome complement of N.tabacum and one genome of N.glutinosa.  

the pentaploid is sufficiently fertile to be backcrossed to N.tabaccum.  in the progeny 

N.tabacum like plants resistant to tobacco mosaic are selected and cytologically analysed. 

2. Creation of New crop species 

Ex : Triticales, Raphanobrassica 

Triticum turgidum x secale cereale. 

 

3. Widening the genetic base of existing Allopolyploids : The genetic base of some 

natural allopolyploids may be narrow, and it may be useful to introduce variability in 

such cases by producing the allopolyploids afresh from their parental species.  

B.napus is a case in point; the genetic variability of this species is narrow and the only 

recourse available is to synthesize new allopolyploid B.napus to widen its genetic 

base.  This is being done by crossing B.campestris (n=10, AA) with B.oleracea (n=9, 
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CC), the parental diploid species, to produce the amphidiploid B.napus (n=19, 

AACC).  The two species, B.campestris and B.olerancea, have to be crossed as 

autotetraploids; the cross is very difficult and embryo culture has to be used; somatic 

hybridization is being used to get around these problems. 

Limitations of Allopolyploidy 

1. The effects of allopolyploidy cannot be predicted.  The allopolyploids have some 

features from both the parental species, but these features may be the undesirable 

ones, e.g., Raphanobrassica, or the desirable ones, e.g., Triticale. 

2. Newly synthesized allopolyploids have many defects, e.g., low fertility, cytogenetic 

and genetic instability, other undesirable features etc. 

3. The synthetic allopolyploids have to be improved through extensive breeding at the 

polyploidy level.  This involves considerable time, labour and other resources. 

4. Only a small proportion of allopolyploids are promising; a vast majority of them are 

valueless for agricultural purposes. 

Lecture No: 32 
 

WIDE HYDRIDIZATION OR DISTANT HYBRIDIZATION 
 
Introduction  
 
 When individuals from two distinct species of the same genera are crossed, it is 

known as inter specific hybridization. 

Eg.Inter specific hybridization : Eg. Oryza sativa x O. perennis 

When individuals being crossed belong to two different genera, it is referred to as inter 

generic hybridization. Eg. Wheat x rye.   

Hybridization between individuals from different species belonging to the same genus 

or two different genera, is termed as distant hybridization or wide hybridization, and such 

crosses are known as distant crosses or wide crosses.  

 
1. History :  The first distant hybridization; hybrid between carnation (Dianthus 

caryophyllus) and sweet willian (Dianthus barbatus) by Thomas Fairchild in 1717 

and the hybrid is called as fairchilds mule  

2. Most of the interspecific hybrids were of no agricultural value many interspecific 

hybrids particularly in case ornamentals, served as commercial varieties. 

3. An interesting inter generic hybrid Raphano brassica  was an amphidiploid cross 

between radish and cabbage but it was useless. 
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4. The first inter generic hybrid with a great potential was TRITICALE  

 
Objectives :  

1. To transfer some desirable character from wild relatives that are not available in 

cultivated varieties. 

Eg.  Many disease resistance and, insect resistance genes 

 Wide adaptability : (i.e. drought-resistance, cold tolerance etc.) 

Quality improvement (Eg. Cotton (fibre) Tobacco (leaf)  

 Yield improvement (Eg. Oats, Tobacco, Maize, S. cane) 

 Other characters (Eg. CMS, Earliness, dwarfness morphological characters) 

2. Exploitation of luxuriance (heterosis) in vegetatively propagated / ornamental crops. 

Prolonged vegetative period, Prolonged blooming period 

3. Creation of Novel genotypes : New species or F1 hybrids hither to non – existent in 

nature. 

 
BARRIERS TO THE PRODUCTION OF DISTANT HYBRIDS 

1. Failure of zygote formation / Cross incompatibility 

2. Failure of zygote development / Hybrid inviability 

3. Failure of F1 seedling development / Hybrid sterility 

A variety of mechanisms may be responsible for each of these three difficulties : 

1. Failure of zygote formation / cross incompatibility.  

Inability of the functional pollens of one species or genera to effect fertilization of the 

female gametes of another species or genera is referred to as cross incompatibility.   

It may be due to – 1. failure of fertilization, because the pollen may not germinate. 

 
2. Pollen tube is unable to reach to embryo sac and hence sperms are not available for 

fertilization –  

3. Pollen tube may burst in  the style of another species Eg. Datura.  

4. The style of the female parent may be longer than the usual length of the pollen 

tube growth therefore the pollen does not reach the embryo sac. Eg. Zea mays and 

Tripsacum sp.  

5. Pollen tubes of polyploidy species are usually thicker than those of diploid species.   

6. When a diploid is used as female and a polyploidy as male, the polyploidy pollen 

tube grows at a slower rate in the diploid style than it would be in a polyploid style.  
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These barriers are known as pre-fertilization barriers. 

Techniques to make wide crosses successful 

1. Removal or scarification of stigma 

2. Using short styled parent as female. 

3. Using the diploid species as the male parent.  

2. Failure of zygote Development / Hybrid inviability 

The inability of a hybrid zygote to grow into a normal embryo under the usual 

conditions of development is referred to as hybrid inviability.  This may be due to : 

Lethal genes : some species carry a lethal gene, which causes death of the 

interspecific hybrid zygote during early embryonic development. 

Eg. 1. Aegilops umbellulata  carries a lethal  gene with 3 alleles against diploid 

wheats. 

2. Genetic Dishormony between the two parental genomes. 

The genetic imbalance between the two parental species may cause the death of 

embryos. 

Eg. Cotton  -  G.gossypioides x other G. sps. 

      Brassica – B.napus  x B.oleracea 

3. Chromosome elimination :  In some cases of distant hybridization, chromosomes 

are gradually eliminated from the zygote.  This generally does not prevent embryo 

development, but the resulting embryo and the F1 plants obtained from such crosses 

are not true interspecific hybrids since they do not have the two parental genomes in 

full.  Generally.  Chromosomes from one are successively eliminated due to mitotic 

irregularities. 

Eg.   Hordeum bulbosum  x H. vulgare 

 Hordeum bulbosum  x Triticum aestimum 

 Triticum aestivum  x Zea mays  

4. Incompatible cytoplasm : Embryo development may be blocked by an 

incompatibility between cytoplasm of the species used as female and the genome of 

the species used as male.  Such an interaction, more generally, leads to hybrid 

weakness and male sterility in the hybrids or may some times leads to failure of 

embryo developments. 

5. Endosperm Abortion : Seeds from a large number of distant crosses are not fully 

developed and are Shrunken due to poorly developed endosperm.  Such seeds show 

poor germination, and may often fail to germinate.  When the endosperm 
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development is poor or is blocked, the condition is generally known as endosperm 

abortion.  

 
Eg. 1. Triticum x secale – Triticale .  In this case the endosperm aborts at a much later 

stage so that a small frequency of viable seed is obtained.  

      2. Hordium bulbosum x H. vulgare – the endosperm aborts at an early stage so 

that viable seeds are not produced. 

In case of endosperm abortion - embryo rescue culture is practiced. 

3. Failure of Hybrid seedling development / Hybrid sterility 

Some distant hybrids die during seedling development or even after initiation of 

flowering.  The mechanisms involved in the failure of seedling development most 

likely involve complementary lethal genes. 

Eg. 1. In cotton-certain interspecific hybrids appear normal, but die in various stages 

of seedling growth; some plants die at flowering.  

2. Interspecific and intergeneric F1 hybrids of wheat show both chlorosis and necrosis; 

 
Hybrid sterility : Hybrid sterility refers to the inability of a hybrid to produce viable 

off spring.   The main cause of hybrid sterility is lack of structural homology between 

the chromosomes of two species. 

Techniques for production of distant hybrids 

1. Choice of parents : Genetic differences exist among parents in a species for cross 

compatibility.  More compatible parents should be selected for use in wide crosses. 

2. Pollina ting sufficiently large no. of flowers. 

3. Reciprocal crosses : it is better to attempt reciprocal crosses when distant crosses are 

not successful. 

Eg. : Phaseolus aureus and p.mungo are crossable only when P. aureus in used as 

female and P. mungo as male. 

4. Determine the barrier and then take measures to overcome it:  

Longer style sps - cut the style 

Use more than one strain of each sps for lethal genes 

Autopolyploidy (B.olerecia x B. compestris) 

Manipulation of ploidy – when two species of a cross differ in chromosome number, 

it is necessary to manipulate their ploidy  

a. Direct crossing-use higher ploidy sp as female parent 
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b. Chromosome no. of the wild species or of the interspecies hybrd (F1) may be 

doubled to overcome sterility of the hybrid. 

5. Bridge crosses : Some times, two species say ‘A’ and ‘C’ do not cross directly. In 

such case a third species say ‘B’ which can cross with both ‘A’ and ‘C’ is chosen as a 

bridge species.  First ‘B’ is crosses with ‘C’ and then the amphidiploid is crossed with 

‘A’.  Bridge crosses have been used in Tobacco and wheat. 

Eg. Nicotiana repanda can cross with N. sylvstis but not with  

N. tabacum N. sylvestris crosses with both N. repanda  and N.tabacum.  For transfer of 

genes from N. repanda to N.tabacum N. sylvestis is used as bridge species. 

6. Use of pollen mixtures : Cross incompatibility results due to unfavourable 

interaction between the protein of pistil and pollen which inhibits normal germination 

and growth of pollen tube.  This problem can be overcome by using the mixture of 

pollen from compatible (self) and incompatible parents. 

7. Manipulation of pistil : In some cases, pollen tube is short and style is very long, due 

to species difference.  Thus pollen tube cannot reach ovule to effect fertilization.  In 

such situation either reciprocal cross should be made or the style should be cut to 

normal size before pollination.  This technique is successful  in maize – Tripsacum 

crosses, where maize style remains receptive even after cutting.  

 
8. Use of growth regulation :  Some times, the pollen tube growth is so slow that the 

eggcell dies or the flower aborts before the male gametes reach the ovary.  In such 

cases, growth regulators should be used to accelerate the pollen tube growth or to 

prolong the viability of the pistil. 

Use of growth regulators such as IAA; NAA; 2,4-D and GA3 etc; are promising in 

some wide crosses. 

9. Large number of crosses : The success of seed set is generally very low in wide 

crosses.  Hence, large no. of crosses should be made to obtain crossed seeds. 

10.  Protoplast fusion : The wide crosses can be obtained through protoplast fusion, when 

it is not possible to produce such crosses through sexual fusion. 

11.  Embryo culture : This technique is being used widely to obtain viable interspecific 

or intergeneric  hybrids. This is used when hybrid zygote is unable to develop.  This 

technique has been successfully used is Triticum, Hordeum, Phaseolun, Nicotiana, 

Gossypium, Lycopersicon, Trifolium, Cucumbita etc. 
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12.  Grafting : Grafting of interspecific hybrid on to the cultivated species helps in 

making the cross successful.  

Applications of wide hybridization in crop improvement  

1. Alien addition lines: Carries one chromosome pair from a different species in 

addition to somatic chromosome complement. For Eg. Disease resistance in Wheat, 

oats, tobacco 

2. Alien substitution lines : has one chromosome pair from different species in place of 

the chromosome pair of the recipient parent. 

3. Introgression of genes : Transfer of small chromosome segments with desirable 

genes. 

Eg. A. Disease resistance :  

In Cotton transfer of black arm disease resistance from G. arboreium to G. 

barbadense 

B. Wider adaptation : Cold tolerance has been transferred from wild relatives to 

Wheat, onion, potato, tomato and grape.  

 
C. Quality : Oil quality in oil palm was improved by genes from wild relatives. 

  
D. Changing the mode of reproduction :  

1.  Self-incompatibility : S.I. genes from B.campestis to self compatible  

B.napus for hybrid seed production. 

E. Yield :  
 F. Other characters :  
  

4. Development of New crop species : 
Eg. Triticale  

5. Utilization as New hybrid varieties : 
Eg.  F1 hybrids in cotton Varalaxmi cotton  (G.hirsutum x  
G. barbadense) 
 
Sugarcane : All the present day commercial varieties are complex interspecific 
hybrids involving S. officinarum & S. spontanium 

 

Sterility in distant hybrids : 

 Distant Hybrids show variable sterility ranging from complete fertility to complete 

sterility 

For eg. L.esculentum x L.pimpinellifolium hybrid in completely fertile while sugarcane maize 

hybrid is completely sterile. 
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Distant Hybrids are of two broad groups : The first group includes those Distant hybrids that 

exhibit atleast some fertility so that than can be maintained by selfing, intercrossing among 

them selves or backcrossing to the parental species. 

The second group consists of those hybrids that are completely sterile and have to be 

maintained clonally or by doubling their chromosome number. 

The sterility of distant hybrids may be caused by cytogenetic, genetic or cytoplasmic 

factors. 

Cytogenetic Basis of sterility : Most of the interspecific hybrids show reduced chromosome 

pairing and in extreme cases all the chromosomes may be present as univalents.   

 
The distribution of chromosome in such cases is irregular, and it leads to the formation of 

unbalanced gametes resulting in partial to complete sterility.   

Inter specific crosses also show rings and chains at metaphase-I (indicating translocations). 

Bridges and fragments at anaphase-I (indicating invessions)  

Loops at pachytene (indicating duplications or deletions).  These cytological aberrations also 

reduce fertility.  Fertility in such hybrids is improved by doubling their chromosome number, 

that is by producing amphidiploids from them. 

 
Genetic Basis of sterility : 

Chromosome pairing in some interspecific hybrid is regular, but they show variable sterility 

which is due to genes.   

Eg. The F1 hybrid between foxtail millet, setaria italica and its wild relative S.viridis showed 

normal pairing and regular formation of  bivalents.  But pollen and ovule sterilities were 70 

and 50% respectively. 

Cytoplasmic Basis of sterility : 

 In some interspecific hybrids, sterility is produced by the cytoplasm. In such cases, 

the reciprocal crosses produce fertile hybrids.  Clearly, in such cases sterility is produced by 

the cytoplasm such instances of hybrid sterility are known is Epilobium, Oenothera. 

Limitations of Distant Hybridization : 

1. Incompatible Crosses  

2. F1 Sterility  

3. Problems in Creating New species  

4. Lack of Homoeology between Chromosomes of the Parental Species 

5. Undesirable Linkages 
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6. Problems in the Transfer of Recessive Oligogenes and Quantitative Taits 

7. Lack of Flowering in F1 

8. Problems in using Improved varieties in Distant Hybridization 

9. Dormancy  

Achievements  

 What, Tobacco, Cotton  

Parbhani Kranthi : Derived from A. esculentus C.V. Pusa Sawani x A. Manihot –  Resistant to 

yellow mosaic vein virus, yield – Kharif : 110-120 q/ha, Summer : 85-90 q/ha  

Pusa Kranthi : Kharif 105-110 q/ha, Summer 75-80 q/ha   
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History of DNA

• Early scientists thought 
protein was the cell’s 
hereditary material because 
it was more complex than 
DNA

• Proteins were composed of 
20 different amino acids in 
long polypeptide chains
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Transformation

• Fred Griffith worked with 
virulent S and nonvirulent R
strain Pneumoccocus bacteria

• He found that R strain could 
become virulent when it took in 
DNA from heat-killed S strain

• Study suggested that DNA was 
probably the genetic material
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Griffith Experiment
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History of DNA

• Chromosomes are made 
of both DNA and 
protein

• Experiments on 
bacteriophage viruses 
by Hershey & Chase
proved that DNA was 
the cell’s genetic 
material

Radioactive 32P was injected into bacteria!
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Discovery of DNA 
Structure

• Erwin Chargaff showed the 
amounts of the four bases on 
DNA ( A,T,C,G)

• In a body or somatic cell:
A = 30.3%
T = 30.3%
G = 19.5%
C = 19.9%
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Chargaff’s Rule

• Adenine must pair with 
Thymine

• Guanine must pair with 
Cytosine

• The bases form weak 
hydrogen bonds

G CT A
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DNA Structure

• Rosalind Franklin took 
diffraction x-ray
photographs of DNA 
crystals

• In the 1950’s, Watson & 
Crick built the first model
of DNA using Franklin’s 
x-rays
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Rosalind Franklin
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DNA 
Structure
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DNA
• Two strands coiled called 
a double helix

• Sides made of a pentose 
sugar Deoxyribose bonded 
to phosphate (PO4) groups 
by phosphodiester bonds

• Center made of nitrogen 
bases bonded together by 
weak hydrogen bonds
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DNA Double Helix

Nitrogenous
Base (A,T,G or C)

“Rungs of ladder”

“Legs of ladder”

Phosphate &
Sugar Backbone
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Helix

• Most DNA has a right-hand
twist with 10 base pairs in a 
complete turn

• Left twisted DNA is called 
Z-DNA or southpaw DNA

• Hot spots occur where right 
and left twisted DNA meet 
producing mutations
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DNA
• Stands for 
Deoxyribonucleic acid

• Made up of subunits 
called nucleotides

• Nucleotide made of:
1. Phosphate group
2. 5-carbon sugar
3. Nitrogenous base
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DNA Nucleotide

O=P-O
O

Phosphate
Group

N
Nitrogenous base
(A, G, C, or T)

CH2

O

C1C4

C3 C2

5

Sugar
(deoxyribose)

O
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Pentose Sugar

• Carbons are numbered clockwise 
1’ to 5’

CH2

O

C1C4

C3 C2

5

Sugar
(deoxyribose)
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DNA

P

P

P

O

O

O

1

2
3

4

5

5

3

3

5

P

P

P
O

O

O

1

2 3

4

5

5

3

5

3

G C

T A
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Antiparallel Strands

• One strand of 
DNA goes from 
5’ to 3’ (sugars)

• The other 
strand is 
opposite in 
direction going 
3’ to 5’ (sugars)
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Nitrogenous Bases

• Double ring PURINES
Adenine (A)
Guanine (G)

• Single ring PYRIMIDINES
Thymine (T)
Cytosine (C) T or C

A or G

copyright cmassengale
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Base-Pairings
• Purines only pair with
Pyrimidines

• Three hydrogen bonds 
required to bond Guanine 
& Cytosine

CG

3 H-bonds
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T A

•Two hydrogen bonds are 
required to bond Adenine & 
Thymine
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Question:

• If there is 30% 
Adenine, how much 
Cytosine is present?
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Answer:

• There would be 20% 
Cytosine

• Adenine (30%) = Thymine 
(30%)

• Guanine (20%) = Cytosine 
(20%)

• Therefore, 60% A-T and 
40% C-G
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DNA 
Replication
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Replication Facts

• DNA has to be copied 
before a cell divides

• DNA is copied during the S
or synthesis phase of 
interphase

• New cells will need identical 
DNA strands
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Synthesis Phase (S phase)

• S phase during interphase of the 
cell cycle

• Nucleus of eukaryotes

Mitosis
-prophase
-metaphase
-anaphase
-telophase

G1 G2

S
phase

interphase

DNA replication takes
place in the S phase.
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DNA Replication

• Begins at Origins of Replication

• Two strands open forming Replication 
Forks (Y-shaped region)

• New strands grow at the forks

Replication
Fork

Parental DNA Molecule

3’

5’

3’

5’
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DNA Replication

• As the 2 DNA strands open at 
the origin, Replication Bubbles
form

• Prokaryotes (bacteria) have a 
single bubble

• Eukaryotic chromosomes have 
MANY bubbles

Bubbles Bubbles

copyright cmassengale
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DNA Replication

• Enzyme Helicase unwinds 
and separates the 2 DNA 
strands by breaking the 
weak hydrogen bonds

• Single-Strand Binding 
Proteins attach and keep 
the 2 DNA strands 
separated and untwisted
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DNA Replication

• Enzyme Topoisomerase attaches 
to the 2 forks of the bubble to 
relieve stress on the DNA 
molecule as it separates

Enzyme

DNA

Enzyme
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DNA Replication
• Before new DNA strands can 

form, there must be RNA 
primers present to start the 
addition of new nucleotides

• Primase is the enzyme that 
synthesizes the RNA Primer

• DNA polymerase can then add 
the new nucleotides

copyright cmassengale
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DNA Replication

• DNA polymerase can only add 
nucleotides to the 3’ end of the 
DNA 

• This causes the NEW strand to be 
built in a 5’ to 3’ direction

RNA
PrimerDNA Polymerase

Nucleotide

5’

5’ 3’

Direction of Replication
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Remember HOW the 
Carbons Are Numbered!

O
O=P-O

O

Phosphate
Group

N
Nitrogenous base

(A, G, C, or T)

CH2

O

C1C4

C3 C2

5

Sugar
(deoxyribose)
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Remember the Strands are 
Antiparallel

P

P

P

O

O

O

1

2
3

4

5

5

3

3

5

P

P

P
O

O

O

1

2 3

4

5

5

3

5

3

G C

T A
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Synthesis of the New DNA 
Strands

• The Leading Strand is 
synthesized as a single strand 
from the point of origin toward 
the opening replication fork

RNA
PrimerDNA PolymeraseNucleotides

3’5’

5’
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Synthesis of the New DNA 
Strands

• The Lagging Strand is synthesized 
discontinuously against overall direction of 
replication

• This strand is made in MANY short segments
It is replicated from the replication fork 
toward the origin

RNA Primer

Leading Strand

DNA Polymerase

5
’

5’

3’

3’

Lagging Strand

5’

5’

3’

3’ copyright cmassengale
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Lagging Strand Segments

• Okazaki Fragments - series of 
short segments on the lagging 
strand

• Must be joined together by an 
enzyme

Lagging Strand

RNA
Primer

DNA
Polymerase

3’

3’

5’

5’

Okazaki Fragment
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Joining of Okazaki Fragments

• The enzyme Ligase joins the 
Okazaki fragments together to 
make one strand

Lagging Strand

Okazaki Fragment 2

DNA ligase

Okazaki Fragment 1

5’

5’

3’

3’
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Replication of Strands

Replication 
Fork

Point of Origin
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Proofreading New DNA

• DNA polymerase initially makes 
about 1 in 10,000 base pairing 
errors

• Enzymes proofread and correct 
these mistakes

• The new error rate for DNA that 
has been proofread is 1 in 1 billion
base pairing errors
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Semiconservative Model of 
Replication

• Idea presented by Watson & Crick

• The two strands of the parental 
molecule separate, and each acts as a 
template for a new complementary 
strand

• New DNA consists of 1 
PARENTAL (original) and 1 NEW 
strand of DNA

Parental DNA

DNA Template

New DNA
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DNA Damage & Repair

• Chemicals & ultraviolet radiation
damage the DNA in our body cells

• Cells must continuously repair 
DAMAGED DNA

• Excision repair occurs when any of 
over 50 repair enzymes remove 
damaged parts of DNA

• DNA polymerase and DNA ligase
replace and bond the new nucleotides 
together
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Question:

• What would be the 
complementary DNA 
strand for the following 
DNA sequence?

DNA 5’-CGTATG-3’
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Answer:

DNA  5’-CGTATG-3’

DNA  3’-GCATAC-5’
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TYPES OF GENE ACTION 

 The interaction with in alleles of gene controlling a single character may be dominant, 

incomplete dominance and co-dominance and are called intra allele interaction. When there is a 

interaction occurs between different pairs of alleles influencing a character of an individual is 

said to be interallelic interaction or epistatic. The gene that has masking effect is called epistatic 

gene, and the gene whose effect is masked is known as hypostatic gene. Epistasis leads to 

modification of normal dihybrid or trihybrid segregation ratio in F2 generation.  

 The term epistasis was coined by Bateson in 1909. Various types of epistatic gene 

interaction are 

1) Recessive epitasis (9:3:4) 

2) Dominant epistasis (12:3:1) 

3) Dominant and recessive (inhibitory) epistasis (13:3) 

4) Duplicate recessive epistasis (9:7) 

5) Duplicate dominant epistasis (15:1) and  

6) Polymeric gene interaction (9:6:1). 

Dihybrid ratio (9:3:3:1)  
 A classical case of two genes affecting the one and the same character and producing in 

the F2 four different phenotypes in the ratio of 9:3:3:1 was discovered in fowls by Bateson and 

Punnett. Each breed of poultry possesses characteristic type of comb. The Wyandotte breed 

has a comb known as the rose comb, the Brahma has a pea comb, and the leghorn has a 

single comb and the Malaya walnut comb. Each of these breeds true. Cross between rose 

comb and single combed types show that rose in dominant to single comb and that there is a 

segregation of 3 rose: 1 single comb in the F2. In mating between pea combed with single 

combed and 3:1 ratio appears in F2. In mating between pea combed with single combed bird, 

pea combed is found to be dominant over single comb and 3;1 ratio appears in F2. When a rose 

combed fowl is crossed with a pea combed one, all the F1 birds show a new comb know as 

walnut comb. When the walnut combs are inbred there appears in F2 walnut 3 rose pea single 

comb. As well in the ratio of 9:3:3:1. The rose comb is due to the presence of R gene and Pea 

due to P gene. Walnut comb is due to the presence of the dominant genes. R and P and single 

comb are due to the presence of recessive of r and p. The ratio expected in F2 is 9:3:3:1. 
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 9 Walnut: 3 Rose: 3 Pea: 1 Single 

 

Duplicate recessive epistasis (Complimentary gene action) 9:7 
 When recessive alleles at either of the two loci can mask the expression of dominant 

alleles at the two loci, it is called duplicate recessive epistasis. This is also known as 

complementary epistasis. The best example of duplicate recessive epistasis if found for flower 

colour in sweet pea. The purple colour of flower in sweet pea is governed by two dominant gene 

say A and B when these genes are in separate individuals (Aabb or aaBB) and white (aabb) 

they produce white flower. A cross between purple flower (AABB) and white flower (aabb) 

strains produced purple colour in F1 intermating of F1 plants produced purple and white flower 

plants in 9:7 ratio in F2 generation. Here the recessive allele .a. is epistatic to B/b alleles and 

mask the expression of these alleles, another recessive allele b is epistatic to A/a alleles and 

mask their expression. 

   

 



  Parents   purple   x   White 

     AABB   x   aabb 

      AB     ab 

       AaBb  

                 Purple 

 

 

 

 

 

 

 

 

 

 

 

Ratio = 9 Purple : 7 white 

Duplicate gene action (15:1) (Duplicate dominant epistasis) 
 When a dominant allele at either of two loci can mask the expression of recessive alleles 

at the two loci, it is known as duplicate dominant epistasis. In rice awn character is controlled by 

two dominant duplicate genes (A and B). Presence of any of these two alleles can produce awn. 

The awnless condition develops only when both these genes are in homozygous recessive 

state (aabb). A cross between awned and awnless strains produced awned plants in F1. 

Intermating of F1 plants produced awned and awnless plants in 15:1 ratio in F2 generation. The 

allele A is epistatic to a/b alleles and all plants having allele A will develop awn. Another 

dominant allele B is epistatic to alleles a/b. An individual with these allele also develop awn 

character.  

 

  Parents awned rice   x   awnless rice 

   AAbb     x       aaBB 

            AaBb 

        Awned rice 
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(A) 

AABb 

(A) 

AaBB 

(A) 

AaBb 

(A) 

Ab AABb 

(A) 

AAbb 

(A) 

AaBb 

(A) 

Aabb 

(A) 

aB AaBB 

(A) 

AaBb 

(A) 

aaBB 

(A) 

aaBb 

(A) 

ab AABb 

(A) 

AAbb 

(A) 

AaBb 

(A) 

Aabb 

(a) 

 

Ratio = 15 awned : 1 awnless 

Inhibitory gene action (13:3) 
 In this type of epistasis, a dominat allele at one locus can mask the expression of both 

(dominant and recessive) alleles at second locus. This is also known as inhibitory gene 

interaction. An example of this type of gene interaction is found for anthocyanin pigmentation in 

rice. The green colour of plants is governed by the gene I which is dominant over purple colour. 

The purple colour is controlled by a dominant gene P. when a cross was made between green 

(IIpp) and (iiPP) colour plants, the F1 was green. Intimating of F1 plants produced green and 

purple plants in 13:3 ratio in F2. 

   Parents awned rice  x  awnless rice  

   AAbb    x      aaBB 

          AaBb  

     Awned rice 

               ♂ 

    ♀ 

IP  

 

Ip  iP  ip 

IP IIPP (G) IIPp (G) IiPP (G) IiPP (G) 

Ip IIPp (G) IIpp (G) IiPp (G) Iipp (G) 

iP IiPP (G) IiPp (G) IiPP (P) iiPp (P) 

ip IiPp (G) Iipp (G) iiPp (P) Iipp (G) 

   Ratio = 13 Green : 3 Purple 



Supplementary gene action. (Recessive epistasis) 9:3:4 
 Here one dominant gene has its own phenotypic effect and other dominant gene has no 

effect of its own but its presence with the first gene modified the phenotypic expression. Thus in 

supplementary gene action the dominant allele of one gene is necessary for the development of 

the concerned phenotype, while the other gene modifies the expression of the first gene. 

   Parents  RR PP  x  rr pp 

     Purple   Red 

       RP     rp 

          Rr Pp 

         Purple 

                ♂ 

    ♀ 

RP  

 

Rp  RP  Rp 

RP RRPP 

(P) 

RRPp 

(P) 

RrPP 

(P) 

RrPP 

(P) 

Rp RRPp 

(P) 

RRpp 

(W) 

RrPp 

(P) 

Rrpp 

(W) 

rP RrPp 

(P) 

RrPp 

(P) 

RrPP 

(R) 

RrPp 

® 

rp RrPp 

(G) 

Rrpp 

(W) 

rrPp 

(RP) 

rrpp 

(W) 

Ratio = 9 Purple : 3 Red : 4 White 
Additive factors (9:6:1) (Polymeric gene action) 
 In these two genes controlling a character produces identical phenotype when they are 

alone i.e. with the homozygous recessive condition of the other gene. But when both the genes 

are present together, their phenotype effect is enhanced as if the effect of the two genes were 

cumulative or additives. It should be noted that in this case both the genes show complete 

dominance. If the two genes showing polymeric gene action, what will be the consequence. In 

barley two completely dominant genes A and B affect the length of awns, the thin needle like 

extension of lemma genes A and B alone (e.g. Aabb and aaBB give gives rise to awn of 

medium length, the effect of A is the same as that of B. But when both the genes A and B are 

present together they produce long awn indicating the effect of A and B genes of awn length are 

added together. Individual homozygous recessive for both these genes are awn less. 

   

 



  Parents   AA BB   x         aa bb 

       Long awned  x         awnless 

           Aa Bb 

      Long awned 

                ♂ 

    ♀ 

AB  

 

Ab  aB  ab 

AB  AABB 

(L) 

AABb 

(L) 

AaBB 

(L) 

AaBB 

(L) 

Ab AABb  

(L)  

AAbb 

(A)  

AaBb 

(L)  

Aabb 

(A) 

aB AaBB 

(L) 

AaBb 

(L) 

aaBB 

(A) 

aaBb 

(A) 

ab AaBb 

(L) 

Aabb 

(A) 

aaBb 

(A) 

aabb 

(a) 

Ratio = 9 Long awned: 6 Awned: 1 awnless 

 

11. Dominant Epistasis (12:3:1) 
 An example of dominant epistasis is found for fruit colour viz white, 

yellow and green. White colour is controlled by dominant gene W and yellow colour by dominant 

genes G. White is codominant over both yellow and green. The green fruits are produced in 

recessive condition (wwgg). A cross between plants having white and yellow fruits produced F1 

with white fruits. Intermating of F1 plants produced plants with white, yellow and green coloured 

fruits in F2 was 12:3:1 ratio. Here W is dominant to w and epistatic to alleles G and g. Hence it 

will mask the expression of G.g alleles. Hence in F2 plants with W-G- (9:16) and W-gg (3:16) 

genotypes will produce white fruits; plants with wwG-3/16 will produce yellow fruits and those 

with wwgg 1/16 genotype will produce green fruits. Thus the normal dihybrid ration 9:3:3:1 is 

modified to 12:3:1 ratio in 1:2 generation. Similar type of gene interaction has been reported for 

skin 

colour in mice and seed coat colour in barley.  

 

  Parents  White fruit   x  Yellow fruit 

         WWgg  x     wwGG 

     WwGg White fruit 
 



                ♂ 

    ♀ 

WG  

 

Wg  wG  wg 

Wg WWGG 

(W) 

 

WWGg 

(W) 

 

WwGG 

(W) 

 

WwGG 

(W) 

 

Wg WWGg 

(W) 

 

WWgg 

(W) 

 

WwGg 

(W) 

 

Wwgg 

(W) 

 

WG WwGG 

(W) 

 

WwGg 

(W) 

 

wwGG 

(Y) 

 

WwGg 

(Y) 

 

Wg WwGg 

(W) 

 

Wwgg 

(W) 

 

wwGg 

(Y) 

 

wwgg 

(G) 
 

Ratio = 12 White: 3 Yellow: 1 Green 

 
Modifying genes 
 These are group of genes, which enhances or reduce the phenotypic effect of a major 

gene. Such genes have small and cumulative effect on the expression of the major genes. As a 

result continuous variation is generated in the phenotype governed by a single major gene, 

which converts qualitative character into a quantitative one. In rats, guinea pigs and rabbits, 

piebald spotting is produced by recessive genes when present in a homozygous state (ss). The 

degree of spotting depends upon the modifying factors, designed as S1, S2, S3 etc. which 

enhances or reduces the expression of this spotting gene with cumulative on spotting. Most 

quantitative characters of crop plants may be determined in a similar fashion. Some modifying 

genes affect more than one character. 

Major and minor genes 
 In the pie bald spotting the modifying factors produce some spotting even in the absence 

of the spotting genes but their effect is much more pronounced in the presence of s, Obviously 

the spotting gene s is a major gene controlling spotting, while the modifying genes are minor 

genes affecting this trait. 

 
 
 



Inheritance of quantitative characters 
Concept of polygenes 
 Colour, sex etc which shows distinct categories are known as qualitative characters. 

They are usually governed by one or major genes or oligogenes. Characters like length of ear in 

corn, yield of grain, yield of milk, stature etc do not fall into clear cut classes and shown more or 

less continuous variation and are governed by a large number of minor genes called multiple 

genes or polygenes. The characteristic feature of quantitative characters is 1) continuous 

variation and 2) a marked influence of the environment on their expression.  

Multiple factor hypothesis (Nilsson - Ehle 1908) 
 He effected crosses between different true breeding strains of wheat with red kernels 

and with white kernel and the result of F1 and F2 were obtained. The F1 was (medium) red In 

F2 15:1 ratio was obtained. Careful examination revealed that the red colour of F1 was not as 

intene as the red colour of the parent and that in the F2 some red grains were as dark as those 

of the parent and other only as dark as those of the F1. F2 plants revealed marked difference in 

the intensity of colour depending upon the ratio of dominant and recessive genes present in 

them. Thus he obtained 1:4:6:4:1 ratio for dark red, medium dark red medium red, light red and 

white. It is evident that red colour is due to two pairs of genes. Each gene is capable of 

producing red colour. Each is incompletely dominant over white and is cumulative in its effect. 

The intensity of the red color depends upon the number of colour producing genes present. 

Dark red is due the presence of four genes for red medium dark red to three genes, medium 

red, to two genes and light red to one gene. 

 Nilson Ehle from his studies proposed the multiple gene hypothesis for the inheritance of 

quantitative characters. This assumes that there is a series of independent genes for a given 

quantitative traits. Dominance is usually incomplete and there is a strength of expression of the 

character, whereas its alleles do not posses any effect. The F1 essentially uniform but 

intermediate between the two parents. The F2 shows considerable variability, but is 

intermediate between the two parents. The F2 mean value being approximately equal to the 

parental mean and also the F1 mean. Studies on Nicotiana (East and Emerson 1916) worked 

on quantitative characters to explain the inheritance of corolla length in nicotiana longiflora. He 

crossed two inbred with contrasting corolla length of 40 and 93 mm. The F1 was intermediate 

with mean corolla length of 63 mm. In F2 a much larger variation for corolla length than the 

parents and F1 was observed. This variation was continuous as well and the F2 mean was 

close to that of F1 and intermediate between those of the parent. This is precisely what is 

expected in case of polygenic inheritance. 



Transgressive segregation 
 The appearance in F2 individuals with higher or lower intensity of characters than the 

parents is called as transgressive segregation. It is produced when the parents have positive 

alleles of different genes affecting a quantitative traits and segregation of these genes produce 

two extreme homozygotes in F2, which transgress the parental limit for the character. The 

reappearance of ancestor is called 

atavism, throw back or reversion. 

Expressivity 
 The degree of phenotypic expression of a penetrant gene is called expressivity. In other 

words, the ability of a gene to produce identical phenotypes in all the individuals carrying it in 

the appropriate genotype is known as incomplete expressivity. Many genes have incomplete 

expressivity, while the wild type (normal) alleles are buffered against such variations. 

Penetrance 
 The frequency with which a gene produces a phenotypic or visible effect in the 

individuals, which carry it, is known as penetrance. In other words penetrance refers to the 

proportion of individuals which exhibit phenotypic effect of a specific gene carried by them. In 

general genes express themselves in all the individuals in which they are present in the 

appropriate genotype is known as penetrance. It indicates the number of individuals that give 

the expected phenotype to any degree. 

Polydactyly 
 Polydactyly is a condition with extra fingers and toe or toes in man is due to the 

presence of dominant gene P. The normal condition is produced by the genotype PP. The 

genotype and pp produce polydactyly. Some heterozygous individual are not polydactly. (Pp). 

Therefore the gene has penetrance of less than 100 per cent and said to be incompletely 

penetrant. A gene though penetrant, may be quite variable in its expression. The degree of 

expression produced by a penetrant genotype is termed expressivity. The polydactylous 

condition may be penetrant in the left hand and not in the right hand or may be penetrant in the 

feet and not in hands. 
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zoospores instead ofon·e. po y break tnt° two halvfs and they may ,:Jqvelo~ into two' 

., 

: I I 
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522 I . .d dt beasynzoosp;loe rcom-
fhc' mu_!!.inuc.leate, multi flagellate Z(!0spo;c is cons• m: o -

pou .~o_rc. 1 • cleatc bill~eUate osporcs. 
I i due tb the failure of the protop\asllo produce ~ny uni~u. . 1 . I\ 1 . . fth orangrum and sw.~ tn wa er. . . 

I T>h,f single zoosporc comes ~Iulo e z.oosI . hd ·1s flagella ands rctes·a double I Atithc ~imfof gennin31-ion,1\he synzoospo ew1t raws, . . ; . 

wall around it. . nd' h . ll:grows out in the fonn·of a tube whic~velops a 
1)e.ou~er wall ruptures a 1t I mner wa . 

~~~ I I , I I / Secr~tion ofwall_and the el)lry \ 

/ Shed:rg 
of ofnucl_ei into the inner :io_ne 1 

Synz.oospor1 1 I 
fiagc . '.llicl,; w;i.U 

r I 

I ' I I 
1 

·'t'lucleus 

=-,.__-_ Chromatophore .' 

! . \. 
\ ; Develo.pment of 

' I . 

Hapt~n 
1 

· : · · 

I' 

I 
Fig.4~.6: Vauch1ria - Germin1tion of !{/ospore . . 

- I 

Aplanos~ores . l(nucleate non-~1otile asexual spores. 
I The ap\anospores are mu 1 

' Germination of 
I'· I • • 

I ~p\anospore 

~ 
I 

I I 
I 

f\pbnosporangium 
I . Aplanospore 

I 

. I 

I I 
I 

I 

I 

I 

Aplanospore 

I 
• C' • 0 r aplanospore. 

C'. ,,i. 7· Vauchena ~ ,-onnat,on 'J ,1g.-,Y . . 

I 

• I 

.. ,,,, -
j1 i _ I 

Chap. 49: VAI../CHERlA. I . ·. s2l 
They-are brodutcd in lerr

1
estrial species. cg. Vaucheria uncinata. I ----.:4, 

_ The aplanospore is produced in ap/anqsporangi1m1 foi:med Ji lhcltip orlateral btanchc~ru 
trhe contliv of the aplanosporangium contracts and gets rounded. ia on 1 

Then it sc\ctetes ii !hi" wall fH?und ii to become an npl~nosporc. I ·' 'A fc 
II comes ?i~~ 1_hro~gh the terminal pore ofthe aplanospo~angiurn > diffo 
T~e rc1ea~f a piano spore produces a tubular outgrowth and .grows into J new thaUus. .he rl 

A~inet~s t; 1 • : • •• . A~1 
Ak,nttf Me tl11ck-111a/led. ~egmcnted bodies of Vaucheria. They are commonly knowin axe 

~s~y~~~es \ I 
1 

~-~- lnl 

I 
. . cl s e s~en ~ Vaucheri~ gennina/1;1 and Vauchfria megrispora~ . --) . . chr, 
During pe~ods, Ill the aquatic forms ofVa,uchen·a, the 6lamcnts are ~1v1ded into sever~ IAr 

segments. Th e tcMnts get surrrma~d.by thick walls. These bodies are called akitutes ofum. 
hypnospork. ~uq~segrnen~r.d ~amc:Qls of Vauchen"a su~cially resemble H~ an alga narrle(_ 11: 
Gongrosira an,d~h1s stage 1s, therefore~~d Gongrosira stage. . . I · . 1c\es 1 

15

D,~ing thf tavourabl¢ sclson, the e ~etes germinate din:ctlyor indirectly into new fibr'I/~ 

rrcn{Jlyling in¥ ;tel germina;io,r, /hq c ~~~ts of akinetes divide int? smlutsc-.:hoped ':. 
thin-walleil bo~ie,r caqJ9d cysril I II 
I T~csc cysts qscapci,througll'a pore in thb cell-wall ?f akinete. 1 I . 

Tnc contfnts f)fthe cyst_s rscape And shoiramebo,d movements. These amoeba-d~e l'Od , 

ics germinate to pro~uce nev.1 fi\aments. ! \ . 
! , I I 

I I I I! 
I I ,, • .' 
. I . I ~ Akiriet~_s _ ,,.,,,.,., 

~ I• 

i\.1 
I 

;,I 

·1 
Direct germination l , 

'I I II of~t I 

! Gongrosira stage ~ ' 
I New thairus .:, 0 

An 

fit4?.8: Vaucheria -Akineteformation. 
• I /:s 

1 
. Sexual ReP.ro·duction . . :. 

;The sexual ~eproduction is oogatt:!ous typt. The ma\~. sex organ is caU1 rwtl._.:rtdiu, 

U>d the famlol s~l.rgan i, c,He<l oogonium. ' , . \ 

1

. \hl 

1, I__ I __ I 
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~~ es are . · ~011oecious. ~hey pro
1
duce a~theridia and o 

nia on the same thallus. g au en ~nn,.nata. l ' . . I . . 
·A few species are hetcr '{hall/c ~r ~,bu,ous. THey P:O~uce apthend1a arid oogonia in 

0 
different individuals. Eg. Yauchena d,chotoma. 

1 
I 1 

theridlum : ' · 1 I , 
Antheridium is the ma sex organ. Antheridia are either propbced b9 the surface of the. 

in axis or at the tip off mall teral bra~<;hes. . 1 , '.I . . I 
ln some species thC)'j are p ?uced 1I1 le'1ina I clur~· Each anthcriot~_:<:_~~ms nu~I,-

s chromntophortsianO ~uc . 1. • f. ...___,-f·· . I 
(A mature anthe . ·· is . een mcolour. 11 is separated from t~e ~ower.stalk by means tif a 

pi\im. The pa o ihc.~tlicooi~ a11prop~or!} . . . . 1. · I 
The n~bhr ofnuc~di~y mitollt dfrmon~ Then the vrotoplast 

· rles into many uninuclcate 1protoplasts. Each prOjtoplas, ~era\ Oagella and forms 
r,thero1.oidior sperm. 1 ' 

1 I . · I I I '. I 
' . I ' , Hook i I 1, / I 1· I 

:~~ • - • • I 111 

1 I I : !I ,j: ,,,1 

<:=-~i I Ii I I 
I ' Ant~ .. . C n·, I . 
I 1 ·11 ,.~, ~·) I 

j~{ \s,nns---;1J '., i{);l ! "Ji:j i ' . I ~· · O. 'I ' 
:~ \:f .~ I I :,.[_, ii ~ ro . - . ,, !' 

1Fit ~\0
~ ~-~··~.~~: 

Oogon.· 

I I 

Ii 

I ·1 
t 
t 
t 

Ii 
4 

. ,
1 

·13perr.s , . -E»·•to·&· -~.,.¾!-,-, e Ii 

f:tg.49.9: Vaucheria - St(!ges showing the d~velopmen) bf an
1
tferidium and liberation of 

. sperms. .I 
1 I i 

i I I I Antherot°ilds 
Antherozoidz are the1:1alt'game!es. j 
They are tinir. ~deate, pear-sh aped er spindle-shape! cells.I 1 • • •. I 

~ey--ha~~equal-1-atero+th·~Us One Hagelium fis ?·nsfl typeFd the other IS W~JP-
,~,, _ type. , I 

I 
I . I i 1 

. 

~ ·· The an\~er~zcids_ ¥e _liaploid. ·· . I • . I 
The mature a.,therozoids arc re!eas.:d through a termm:11 pore of theiantheoon.un or through 

the bngitudir.al slits. I 1 
1 

The Ftberoz.oids swim freely in w~ter. in search·ofa mature oog~niurn. 
i " I I Ii 

Chap. 49: VAUCHERIA 525 
·Oqgonlum 

The oogocium is thefemakj.sa orga11. !i 
1 The oo~onia are produc~ do the s~rface oflhe lhallus or on lateral bnanches. 

1 They are s~ile or stalked. I I 1 1 

.JJiey may be prop_uccd neat the anthel-idium or in a different branch. j I ~ 
' /} colourless portion of cytqplasm ge s accumul;jted near the anthqidium. e qolourlrn 

ort1on·of c o lasm is called wJ' du las.m. I . 1 _ 
small ~utgrov.,cth dcvcldJllS just above thd wanderp~m and the wan~~tplasri1 1ream~ 

into fae outgrowth .. Toe outgro1th tlkn gets rounded, separaled from the thall~Vby a septum and 
-fo~oogonium I I 
: Lb small coloµrkss ·bcak-likb

1
s1ructurc devet9ps o~ the Ul!>per part of the oogqnium. This LS 

called receptiv~ spo[f I I j I l I I 
~ture o~~~~~~~nt~ins a single large 9~~ ":'iYJi a haploid nJdeui.1 I ' 

I Oogllin~nlfu. ~daplasm I , N~~j ~:' I 
~

, g , I .. , . . i:gg 
. ~, . · Oogonium ~ f' ". J.. I , _.' °'~ ~ . 

•• •· ,. • 0, . . ~tuin I 

·•.-' .;: •• ;·. ··, . . ., .• ,,. · •. . . - .. ; . ·• .. -·,,,. · ·: ... ,,.. \ I 
. • -. • ·. •. . . ----,... ... .,·.:l_;;, . .,.:-. 1~ ... !:'.i ___. . ·. · --!..,.;,.· ... -.. nr '<l:.:·•, · ... 7 .. ;.,, ~: __ vc- ::;;::::::: ;=.._ 

1' I 11 · ~i~.49. I 0: Vaucheriaj- Developme~I of bogonium
1

• 

Fertlllzatlori -I 
Ip mature oogonium the beak gets gelatinised t.o fonn an opel}ing. A cilaginous mass lS 

produced at ~ 7:¥• It attracts the 8:°tbe zoids'toyvards the o~ ~on,iurr. Man · 
enter · oruum through t~e o ut only one ar~erozoid fuses Wl the egg to form a 
i/.i]i. .old r,rgo_te. ;.,t I 

The zygote s~retes a multilayered wall around it and becomes an oospore. 
i 

--~~- Antherozoid 
I 

Antheooium 

Pore ·---:..i.:A 

Oogqruum 
Egg 

StaJk 

Zygote 

. . . . . . . . . 
1lU.~:.E!,:.~r•-J•"'" ,.,,::-t,,-.:.t"•"t,.,•.:ry,,.11~,.,,., .. ::1: 

Fig. 49. J J: Va11cferia -Fertilization. 
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1 

I · I . 
Germmatio/n o_f Oospore 1 . • thallu 1 

The oospor~ is lioerated a~e_r the de~yofveg~tve_ tic d~~ision and then mitotic divi~ I 

The dipl~icf nucleus oft~e oosp~re un1ergo _me10 . :! . i I 

sions to •rroduce many l,aplodi nuclt.t . h fthe oosporC:·-~all and produces a few, 

·A ~mall ortgrowth comes out throug a pore o .I . . . . 

bra net . b~an~h develops into~ rhiz..qi daf system and the others form vegetative paks of_a 

t I . el J 1' IJ • / I ' • 

Thd newltttallus is a ha loid g lJ phyte. 11 · 
I I 

r 

. ! 
1 

G ting 

IA., , . wau
1
, . oospore ' 

I ,, I JI/ u I I T I . 

' Iii]\ ➔ Q ~i rA:~·:r,.-... :,,._.~--._-.: ~ .. "/ 

\V ~ , \.1; 
~ygote Oosporci ~- , 

I I 
I I I . I . 

F. 49 12 . Vaucheria .Genni nation of oospore. 
,g. . . I 

C~'nc1uJion . _ I . 

The life cycle of Vauch_eria is a h_aplontic ty~e. . . 

,,, Tub v=etative thallus IS a haploid gametop '.rte <'!J·, •d. . . . 

-, ·p • • d · by simple mitotic 1V1s1on. 1 

I It produces anthu1d1ii an oogo111a . d" 1 "d t (2N) I 

The 4:1erozoid fus~
1 
with~~ egg;: formt :t°~~!ic~eus of zygote undergoes ~i-

The diploid stage is represented by l zygo e O• • 
1 

(NJ · · · . · 

~"lo: , , otic di~islon and grows into a 1,~ploid ga~etopt'~1:~; ~e is dominant in the life cycle. I 

._ ..,,....,_--. - ,Th;lifecydeofVautheriaishaplontic,as ._. e p • 

· ,;t: ,1 I Systematic Position Cif Vauchena 
,.~ 

1 
1 _ . · . cheria in .the 9111 fam,ily of the <:lrder 

_ , • F.if:. Fritsch (1945) has placed the gen~ :~u for th; fust time placed Vaucheria un-

·. . _ -~--;"Siphonafes ~f Chlotophyceae., Chajdef aj:f ~;l a~epted his Yiew and placed it under the 

-. ; ,_. 'M::- dqr the F~ Xanthophy"fat.. GM. m1th . ·or the division.Chrysophyta. V.S. Chapman 

"b~~?'.:·. order Hlt.rosiphonales, cJass Xanthophyceae- fth . roUowing reasons· 

. . ru-'.d. nd h lass X: chophyceae because o e i, • 

>c-' a\so me .T- rt u ert cc an . "d than chlorophylls in thechromato-

·;,, '· 1.I l·aucheria contains high proport10n of caroteno1 s .,. . 

V .VII''--- ~ids 

I 
'. I 

I : 

I I 

tJhorr5. 
· 

21 Pym1oid is.ab~cnt. . 

3. Tiie storage product is oils and not starch. . •. • . 

4. Chiorophyll-b is absent int~ chromatophoresf · hi h cne is tinsel type and the other is 

s. Antber-cu.oids have two unequal fiagclla, 0 w c . 

whlplcuh rypr. 

! I 
I I 

I 
Chap. HERJAI . 52 

6. Sip ~npxan(hin, a co~npig_ment in Vaucheria~eae, is absent in Vauc~~ia. 

~~s:h /df 14); gave su~est10~ lo mc\ude Vauch~ria under the cl3S$ Xanthopl,,:ctat 

the d1v1S1o+ ;~~rysophyta. It 1s dear that Vaucheria 1s closely resembling the me .:ibcn____, 

Xapthophycei~-1.han the Chlorophyceae. 1 .,. 

-
1 

! [ I i
1 

Life pycle of Vaucheria . I _ 

Vaucher(a. asia yetlow-g)ren alga. Most speGies of Vauchena aref.je1hwattr Jon 

some are mariAe and a ffw ~(e terre.strialforms. 

The plarl~ i~ a haplo'id caretophyt! (N). It consists of a branched, non-septate, tu 

tar ft_lam.er_ts ~?d rhtzpidst There is!tJq seffum. ~ the_ thallus. However. a sept~m is fonnc 

the tone ~1ir:P~dpct19n,or when the thaII~ gets trl.Jlll'ed. The thallus is attrched tl the substn 

Jbytherh1Zo1dalsyst~1thehapter-011. j I I 

1tbe entire fhallusiis consider:edtto be~ poenocytic cell. 1 
1 

The cch wa.~liis thin 9r1d \S 1:13d~ up of1cellulose and pec~ic substances. 

lnne~ to \he cell w.all IS a thinpfasma membt'ane enclosing the protoplasm . Jhen 

la~g: central va~uole ,.Jnningi$'ougl_>oui the len_gth ofthe,protoplasrn. It is filled wit:,sap, 

1 tall'llng some e~. The va~o~ g1VCs a~be- like appearance to_ the thallus. , ..., _ 

The.protopl$mpas t"!'O i:last-mcl layers.1be ou'tcr \a~r fOntlains numerous d1svi<lcr 

.matopho[es. -Th: ~hloi;natbpJ}or~ contain ch{or_ophyU-a and - e, ~ipl,one~n an,~ f3--<. 

tene. The pyre1101d ispbsent:The inher layer contams nurrierous _haploid nudei. Her,ce l~ 

is coenocytic. Oil drops are the reserve food found in thelproloplasrn. • 

I The gr~wth ta%:es place,by-the elongation ofapicaf portions ofbr-anj:hes. · 

there-,are tlrfee types oflreproduction in Vaucheria . They are: ! 

• VE\ketative reproduction 
1 

• Asexual f.eproduction 

• Sexual.i~prodiic.tion. 

The vegetatjvc rcprodt!ction takes place by fragmentation . Due lo accidental bee;. 

t young branch~ get separated from the thallus. The separated fragments grow into new p 

l_ Vaucheria reproduces asexually by means of 1.oospores, apla n ospores and a/.:in, 

i Zoo spore !Sam 1;1/firwdeate, m ultijlagellate cell It is produced singly in the to 

l I rangium. , . 

l The tip ofa brancli pecomes-swo-Udn due to the accumulation of~ny nuclei an.J 

matoph-ores. It is call~ r.~p_spo_rg_n_gi,¥m. · I H 

The zoosl?°rangt'(Ol 1s pt offfromthe rest oft he b~nch by aseptum. 

The nuclei stream mto tHe outer layer and the chrorratophores stream into the ir.ierl 

the~plasm 
1 ~o ?3g~'t3 arise from ~ch n\l:leus.. As a r~lt, a rnuh.inucleate, multifl,geUate_.oo: · 

produced 111 ll)e-zoospor-angrum nus zoo spore 1s called synzoospore Of coA-rpoun- toi 

:V11en the sporangial wall gets ge1atiniz.ed, the zoospore is releasd:i free·in la er.! 

genrunates fl<> a new plantl . 

I ,1planospo~e.s are 17ultlnucleJtte, non-flagellau, nonJmorile cells.produi;cds 

aplansoporan~1u)rt. The developrpent of aplanosporc is similar t() that or zoo: ')()r 

aplanospore gqminat~ into n new plant. · 

t
. During dry ~ason, the thallus gets divkie.d into mar,y srdU segments Gy the f,,nn ·· 

septurn.1Eacq seglljlent secretes a truck wall and fomlS a hypf ospore o~ akin~tc. ~ 

. I . f I 'I! 

/ i I I I ' 

I I 
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Fragmentation I/ (N) 

Zoospores
1 

(N) 

Aplanospores (N) i . 

Akirietes 

( As;,.,' \ I 
Reproducti~ 

, ct::~;~:J~ '--4 I 
(N) \ '"-.1 __ 11' 

An~ f , I 
rN) I ~gor!um, 

I I 'r. i ' ~N) 

it I I I I \ _ 
~eiosis I ~ 

jl I \' Sexua1 1 I I 
t ! 'a:;) Reprotfr.1ctioh Hx> 
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Oospore I ~ 11 .. ·· I 
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1
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Chap. 49: VAUCHERJA I 

An(heridia are produced on th surfa Sl9 he "d' · e ceofthe th u ant n ium develops as a small protuberan h a Uf or at the tip of lateral branches The . . ce on I c surface of the tha'"· . µuS. I' 
I 

~/-~ V:"°;~ 
. -~- ·· Zoosporanwm Asexual _/},P.;-

"U· I ':.-~ 
I 

I 
f,, 

I I 
I 

~:>~ I \ Repr,duction 1/ 
.,,11: 1 • "' ,'I I 

('1~ . I t \~ • • \ VauC11eria · « Sperm (N) 

, .•.. l•1 gamftophyte(k) . ,Ir, ~ium 

· Giunioatio ti' Sexual I Oogo""'91 ~ V,·· , ,, I 
· t / IR'J'roduclion Egg(}!\·~.'.~ 

Meit ko1e . . ' . 
~1~ y· '<1-~11 

Oospord"'-i... ··- -·:'_ 
1 

I I 
!~ · :, ,:I 
\.2N) • . •· .•.. • . ·, .• 

. . . ' .. : . . -.. : ... -~;· ··~ . ' ; . . I 
Fig:49.U: Vau eria-DJ•~gr.amm' al • 1;r, 1 

1 

,w • 11c 11ecyc e. , I 
Nuirierous·nuclei and "hromato ho I , 

1 

\ I 
• j '-.___ Z'j'/,0\C !iliw,;,1;.;. 

1
'; 

I ' . (2N) . I 11: ; I 
I . I I 

1 
\ • Fig.49.13: VaucheHa-Grapplc l{(e cyfle. I· r' 

with many hh,nospore \ooh like another alg<' .. Gongto~ira'. lknc9 l · stage is known as 

Gongrosirja ~tagtd I . · 
1 

• I 
The sexual reproduction of Vai:cheria ~ oogam~us t)'pe • .The male sex organ is called 

,nth ,ridijm anil\hd female sex orgar. is called oogon.fu •• . I 

I t ! 

I' 
_stptum develcpsjusd)ehind tl-e cu pd ~1~ter the pr~.tu~erance. lt is curved at tpe tip. A 
portior is called ar.drophareo; • ..:o~~•p~rve<\ lp B theanlhuidiuni apd the ba,l1 

.. The·nuclei()fantt-~ridfominoreasc.~~ ~ II • I I I ! 11 
piece of cytoplasm a:our.d ·i! Ea h · ~mun Y mf/os.s and then each nucl~ coUects a 
lllllheJioz.old or sneim orthe .. t cfl _Duc eus then produces twl l;iteral flagella to form an 

The 
r .. 1 WO la"Clla.,On"is!: 1 . h ·,. a therozoids are haploid. 0 ~ ,nSe type an t .. e other.JS whiplash type . 

Matu;e•antherozoids o.re liberated thro •gh ,,· : I : : antherozoid
5 

swi.-n in water• ~--·-'- r· u . ~ te~ pore of anthend1uIT1 The released 

--} . Most s/,ecies '1~ homotha!llc c_r ,.o;,of"lo..,; They produce antheridia as ~U ,S oogo-
: maonlhesa~1:)'Uus·:Es· Yauchenag~nata. I I , 1! • • • I 

A fC\l't!l"IC~~ er~ /rderothalll< ~( d(o«lo•~ 'rlicy prodU'f /u>tliendia and Of &•Ill• on 
two di[ert1it1individU3:\s.,Eg. Yauchena d1cAotoma. 1 1 1 _ · • 

I . . 11 i I 

Th 
.. . r. _m:,c;dl(.;U o a mature oogonhlm. 

e f emalc sex organ is called · • Oo . I or at the tip oflateral branches, oogtmium. gol_U.l are produced on the surface ofthallus 

: I 

J 

11 
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A lourle s mass o( protoj'.11asrn &els accumulated near the arJtQcridivnt It is kilo. n as 

wd11der !a&ht. A~nall outgro\vtb devflops jusl above lhe,'wanderpl~sm. The ou_rgrowth gels . 
1 1 

rounded ~nd s«~~rated by a sfptum ld f~pn ~n oogoniu'f',. A colourless beak-like ~!ruclure 

called receptiv~ spot develops Ion thefupp<fr part oflhe ooJ~nium. TJ1.: mature oogonrum cop-

tains a single
1
egg containing a single haploid nucleus; · J 

In ~atM~~ oogonium. thcrreptive spqt gets gelalinizea and forms a pore and a niucilagi

llOU~ 71a~s. 1ll/1J,mucilagin~us mass allrcy;ts the antherd.,rni~s to~ards the· oogonjum. The 

anthe~ozo1ds enter the oog~ruum thr.~ugh tHe opeping. l, 1 . • , • ; 

One QfthF rn/herozo1ds l_om llf flagella ~d fuses ~1th the e~g to fonn a dtplotdp,gote 

(2N). The ~go.le secretes a thick )Vall around 1t1and becorpes an oolpore. '. ' 

The d1plotd hucleus of the! obspore undergpes meiosis and then mitosis to form F"Y · 

haploid n ucf ei. 'Asma~ protoplasmic outgrowth wfth a fe-.y bbinqies develops fiw:n the oospore. 

?n~-bran~h ~evelop_s 1/lto a hapteron ,nd others develoq into a vegetative tl,a/lus. The result-

mi plant 1s a haplo,d gametophJ1te pf Vaucheria. . 
, 

Cbnclu_sion . .I _' J .. . . : . · 

1 
The life cycle of Vauchena IS haplonflf. The veget!11ve thaUus 1s a l,aplotd gamelophyte 

(N). If pro~uTes haploid ~nrh_erozoids and e~gs by ~le mitotic division. 8~ the union of.the 
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ANTHER CULTURE 

 Anther culture is a type of tissue culture technique, where a part of a 

plant, i.e. Anther gives rise to an androgenic haploid plant when 

cultured in a nutrient medium under optimal conditions that are 

required for the growth of the cell. The process of anther culture comes 

under the process of “Androgenesis” which merely refers to the 

induction of haploid plants. 

 In about 250 species, the technique of the anther culture has been 

implemented. Among these 250 species, the most common species 

belongs to the family of Gramineae, Solanaceae, Ranunculaceae, 

Cruciferae etc.   

  



 

 It is technique of culturing anthers of precise and critical stage 

which is to be isolated from unopened flower bud and cultured 

on artificial medium. The microspore present in anther 

develops into embryoid or callus which give rise to haploid 

plant through the process of embryogenesis or organogenesis 

 



What is Anther? 

 

 The anther is a part of a flower which is bilobed and sac-

like in structure. In flower, anther is the part of stamen which 

is a male reproductive part. Stamen comprises a long, narrow 

or stalk-like filament which carries the anther at its tip. 

 







HISTORY OF ANTHER CULTURE 

 There are several discoveries that have led to the discovery of 

producing haploid plantlets by the anther culture. Many 

scientists have contributed to know more of this technique by 

their experiments. 

 



Year of discovery Discovered by Name of the discovery 

1921 Bergner Introduced the existence of 

haploids in Datura 

stramonium 

1953 W.Tulecke Introduced the proliferation 

of haploid callus from the 

mature pollen grains of 

Ginkgo biloba 

1966 Guha and S.C. 

Maheshwar 

Confirmed the origin of 

haploid plantlets from the 

anther 

1967 Bourgin and Hitsch Discovered the full-fledged 

haploid plants from the 

Nicotiana tabacum. 



METHODS IN ANTHER CULTURE 

 Anther culture is a plant tissue culture method which can be done by 

two methods either through a direct or indirect method. 

 The direct method of an anther culture involves “Embryogenesis”. 

In this method, the anther behaves as a “Zygote” and forms 

embryoid which gives rise to haploid plantlet. 

 The indirect method of an anther culture involves “Organogenesis”. 

In this method, the anther undergoes cell division repeatedly to form 

the callus tissue which later gives rise to the haploid plantlets. 

 



 

Procedure 

 There are following steps involved in the anther culture method 

which includes: 

 First, select the unopened buds of size about 17-22mm in length. 

Reject the buds that are beginning to open or already open. 

While selecting buds, the size of the sepal is equal to the size of a 

petal is ideal for the anther culture. 

 Transfer the buds into sterilized airtight plastic bags. 

 Then, transfer the selected buds to the laminar airflow chamber. 



 After that surface sterilization of buds is carried out in the 

chamber to maintain the aseptic conditions. Firstly, the buds are 

surface sterilized by 70% ethanol for 10seconds and then 20% 

of sodium hypochlorite for 10minutes. 

 Then wash the buds three times by distilled water. 

 After washing, transfer the buds to the sterilized Petri plate. 

 Then with the help of a scalpel, separate the stamen from the 

bud. 

 Remove the filaments from an anther. 

 After that, transfer an anther onto the solid or liquid nutrient 

medium and incubate it for 3-4 weeks at 24-28C in the dark. 



 

 Then either by embryogenesis and organogenesis, haploid plantlets 

would appear from the anther culture 3-4 weeks. During this stage, 

incubate the culture at 24-28 C for 12-18 hours in light and for 6-12 

hours in the dark. 

 At last, about 50mm tall plantlets appear which then transfer into the 

pot containing bio compost followed by washing. Then a sterilized 

glass beaker is used to cover the pot and remove the glass beaker 

after some week and transfer the plant to the large pot. 

 

 

 







POLLEN CULTURE 

 It is in vitro technique by which pollen grains , preferably of 

uninucleate stage is squeezed out from anthers and then cultured 

on artificial medium where the microspore without producing 

male gametes, develops into embryoid or callus which give rise to 

haploid plant through the process of embryogenesis or 

organogenesis . 

 









Advantages 

1. Overcrowding of pollen grain in anther . Eliminated & isolated 

pollen grain equally exposed to nutrient medium.  

2. Unwanted growth of diploid cells of anther wall and other 

associated tissue eliminasted.  

3. Factors governing androgenesis-better regualted.  

4. Pollen-ideal- uptake, transformation, mutagenic studies. Pollen 

uniformly exposed to chemical & physical mutagen.  

5. Stages of androgenesis Advantages of Pollen Culture over anther 

culture 6.Pollen directly transformed to embryoids. Suitable for 

understanding biochemistry and physiology of androgenesis 
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What are Artificial Seeds? 

 Artificial seeds are the living seed-like structure which are 

made experimentally by a technique where somatic 

embryoids derived from plant tissue culture are 

encapsulated by a hydrogel and such encapsulated 

embryoids behave like true seeds if grown in soil and can 

be used as a substitute of natural seeds. 

 



HISTORY 
 Artificial seeds were first introduced in 1970’s as a novel 

analogue to the plant seeds.  

 The production of artificial seeds is useful for plants which do 

not produce viable seeds. It represents a method to propagate 

these plants.  

 Artificial seeds are small sized and these provides further 

advantages in storage, handling and shipping.  

 The term, “EMBLING” is used for the plants originated from 

synthetic seed.  

 The use of synthetic varieties for commercial cultivation was 

first suggested in Maize (Hays & Garber, 1919). 



The Concept of artificial seed 





BASED ON THE TECHNIQUES TWO TYPES OF 
ARTIFICIAL SEEDS ARE PRODUCED 

1. DESICCATED SYNTHETIC SEEDS- Desiccated 

synthetic seeds are produced nacked or polyoxyethylene 

glycol encapsulated somatic embryos. This type of 

synthetic seeds is produced in desiccation tolerant species 

plant.  

2. HYDRATED SYNTHETIC SEEDS- Hydrated 

synthetic seeds are produced by encapsulating the 

somatic embryos in hydrogels like sodium alginate, 

potassium alginate, carrageenan, sodium pectate or 

sodium alginate with gelatine. 

 



NEED FOR ARTIFICIAL PRODUCTION 
TECHNOLOGY 

 Development of micro propagation technique will ensure abundant supply of 

desired plant species.  

 Development of artificial seed production technology is currently considered as 

an effective and efficient method of propagation in several commercially 

important agronomic and horticultural crops.  

 These artificial seed would also be a channel for new plant lines produced 

through biotechnological advances to be delivered directly to greenhouse and 

field.  

 High volume propagation potential of somatic embryos combined with 

formation of synthetic seeds for low-cost delivery would open new vistas for 

clonal propagation in several commercially important crop species. 

 



BASIC REQUIREMENT FOR THE 
PRODUCTION OF ARTIFICIAL SEEDS. 

 One pre-requisite for the application of synthetic seed 

technology in micropropagation is the production of high quality,  

 1. Vigorous Somatic Embryos that can produce plants with 

frequencies comparable to natural seeds.  

 2. Inexpensive production of large numbers of high quality 

somatic embryos with synchronous maturation.  

 3.Encapsulation and coating systems, though important for 

delivery of somatic embryos, are not the limiting factors for the 

development of synthetic seeds.  

 4. Commercialization of synthetic seeds. 

 



PROCEDURE FOR PRODUCTION OF 

ARTIFICIAL SEEDS 



Methods for artificial seed 
encapsulation 
 Dropping method  

  Somatic embryos are dipped in hydrogel, this step encapsulate SEs.  

 Hydrogel used may be any of the following. 

  Alginate – sodium alginate, agar from see weeds, seed gums like guar 

gum, locust bean gum.  

 Sodium alginate solution (1 – 5%), prepared in MS basal medium 

solution.  

 SEs are dipped in this solution.  

 These coated beads are added one by one into a complexation solution 

flask kept on magnetic stirrer and kept such for around 20-30 minutes. 

 



Contii. 

Embryos get covered by calcium alginate which is a stable 

complex due to ionic bond formation, become harder, 

Seeds become harder.  

Then gelled embryos are washed with water or MS basal 

medium.  

 The synthetic seeds are ready. 

 





Molding method 

• This method follows simple procedure of mixing of 

embryos with temperature dependent gel (e.g. gel rite, 

agar).  

• Cells get coated with the gel at lowering of the 

temperature. 

 



ARTIFICIAL ENDOSPERM 
• Somatic embryos lack seed coat (testa) and endosperm that 

provide protection and nutrition for zygotic embryos in 

developing seeds.  

• To augment these deficiencies, addition of nutrients and 

growth regulators to the encapsulation matrix is desired, 

which serves as an artificial endosperm.  

• These addition results in increase efficiency of germination 

and viability of encapsulated somatic embryos.  

• These synthetic seeds can be stored for a longer period of time 

even upto 6 months without losing viabilty, especially when 

stored at 40°c. 



POTENTIAL USES OF ARTIFICIAL 
SEEDS 
Reduced costs of transplants(Cost effective)  

Direct greenhouse and field delivery of:  

Elite, Select Genotypes  

Large-scale mono cultures.  

Carriers for adjuvant such as microorganisms, plant growth regulators, 

pesticides, fungicides, nutrients and antibiotics. 

Can be conceivably handled as seed using conventional planting equipment.  

it can be produced throughout the year. 

Conservation of germplasm  

Large production of identical embryos in short period of time. 
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Callus Induction 



Callus  

 It is an unspecialized , unorganized, growing and dividing 

mass of cells.  

 It produced when explants are cultured on the appropriate 

solid medium, with both an auxin and a cytokinin in a 

correct conditions. 2,4-D are commonly used.  

 During callus formation there is some degree of 

dedifferentiation both in morphology and metabolism, 

resulting in the lose the ability to photosynthesis. 

 



 A callus is a blob of tissue – (mostly undifferentiated cells)  

 A callus is naturally developed on a plant as a result of a wound  

 This callus can be left to develop or can be further divided 

 



Callus  

Callus cultures may be compact or friable.  

 Compact callus shows densely aggregated cells .  

 Friable callus shows loosely associated cells and the callus 

becomes soft and breaks apart easily.  

Habituation: it reduce the requirement of auxin and/or cytokinin by 

the culture during long-term culture. 

 



Properties of callus culture  

 It Often comes from shoot in early culturing  

 It Can be maintained indefinitely  

 No- photosynthesis and grows in dark  

 It Can be used to isolate single cells with stem cell like properties 

(totipotent) 

 



Three stages of callus culture  
1. Induction: Cells in explant dedifferentiate and begin to divide  

2.Proliferative Stage: Rapid cell division  

3.Morphogenesis stage: Differentiation and formation of 

organized structures; specifically processes that lead to plant 

regeneration from somatic cells. 

 







Differentiation 

Somatic 
embryogenesis 

Organogenesis 





Plant morphogenesis 

Organogenesis  

 The formation of organs (such as leaves, shoots, roots) on a 

plant organ, usually of a different kind  

 1.Enhancement of axillary bud proliferation/ development  

 2. Adventitious shoot formation  

 3. Adventitious root formation  

 

Somatic embryogenesis  

 Embryo initiation and development from somatic cells 

 



Organogenesis 

 Enhancement of axillary bud proliferation and development - 

stimulation of the shoot apical meristem in vitro that includes 

proliferation of lateral buds. 

 Adventitious shoot formation - dedifferentiation and/or 

differentiation and development of shoots from non-meristematic 

cells (one or more than one) either directly or indirectly 

 Adventitious root formation - roots are initiated adventitiously at 

the base of the shoot apex and a vascular continuum is established 

to complete plant regeneration. 



Somatic Embryogenesis 

 Dedifferentiation is typically minimal but a meristemoid -like 

tissue can be formed in the latter case  

 Histogenesis of somatic embryogenesis is characterized by the 

formation of a bipolar structure, in contrast to adventitious 

organogenesis  

 Single cell origin of somatic embryos makes chimerism 

infrequent; adventitious shoots can arise from more than one cell 



MORPHOLOGY AND CHARACTERISTICS 

OF CALLUS 

Callus tissue proliferate as amorphous mass of cells having no regular 

shape.  

So it difficult to describes its external morphology.  

But they can be distinguished on the basis of other characteristics 

such as Texture , Colouration , Hormone requirements etc.  

On that basis , even callus tissue initiated from explants of the same 

plants species may show considerable variation. 

 



Texture 

On the basis of texture callus tissue can be two categories such as ,  

1. Soft Callus  

2. Hard callus  

Soft callus is friable in nature and is made of Heterogenous mass of cell 

having minimal contact.  

Hard callus consists of giant cells , tracheid like cells and closely packed 

cells i.e. Compact in nature .  

 Hard callus may be nodular in form . 

 



Colouration 

Generally callus tissue is creamish yellow or white in colour.  

Sometime it may be Pigmented.  

Pigmentation may be uniform or patchy.  

It may be green in colour.  

Sometime white callus tissue grown under dark condition turn it into green 

colour after transferring in light condition.  

Some may be yellow in colour due to synthesis of Carotenoid pigments.  

In some cauliflower culture it is in purple colour due to accumulation of 

anthocyanin in vacuoles or due to production of oxidized form of 3,4 

Dihydroxy phenylalanin (DoPA) 







 Principle / procedure of callus culture  

 There are Three criteria for callus culture are   

1.Aseptic preparation of plant material  

2.Selection of suitable nutrient medium  

3.Incubation of culture under controlled physical condition 

 



Aseptic preparation of plant material  

Surface sterilization :-  

Washed with Running Water (3hr – over night )`  

1 % Bavistein treatment  

70 % Alcohol 1 % Sodium hypochlorite  

0.1 % Mercury chloride  

Washed with sterile distilled water 

 





Selection of suitable nutrient medium 

 Auxin/cytokinin 10:1-100:1 induces roots.  

1:10-1:100 induces shoots  

Intermediate ratios around 1:1 favor callus growth .  

Agar solidified or semi – solid nutrient medium are used. 

That media are autoclaved at 15 psi pressure for 15 – 20 min at 

121 0c. 

 



Incubation of culture under controlled 

physical condition 

Temperature : 25 + 2 0c  

Photoperiod : 16 hr Light , 8 hr Dark 

Light intensity : 2000 – 3000 lux  

Relative Humidity : 55 % - 60 % 

 





Callus Multiplication 

 Actively growing callus can be initiated on culture media with 

an even physiological balance of cytokinin and auxin. After 

callus biomass increases two to four times (after 2–4 weeks of 

growth), callus can be divided and placed on fresh media. 

 



Suspension cultures  

Can be initiated from any part of the plant. 

Usually initiated from friable callus already growing in culture.  

Transferred into liquid medium. 

 





Significances of callus culture 

Callus culture as such has no major importance unless and until it is used for other 

experimental objectives . Still ,callus culture got some importance  

1. The whole plant can be regenerated in large number from callus tissue 

through manipulation of the nutrient and hormonal constituents in the culture 

medium . This phenomenon is known as plant regeneration or organogenesis 

or morphogenesis .  

2. Callus tissue is good source of genetic variability.  

3. Cell suspension culture in moving liquid medium can be initiated from callus 

culture.  

4. Callus culture is very useful to obtain commercially important secondary 

metabolites. 5. Several biochemical assay can be performed from callus 

culture. 
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• Micropropagation is the rapid vegetative propagation of plants under 

in vitro conditions of high light intensity, controlled temperature, and a 

defined nutrient medium. 

• The technique has been applied to a substantial number of commercial 

vegetatively propagated plant species. 

• Plants can be propagated by sexual (through the generation of seeds) or 

asexual (through multiplication of vegetative parts) means. 

• Asexual reproduction through multiplication of vegetative parts is the 

only method for the in vivo propagation of certain plants, as they do not 

produce viable seeds e.g. banana, grape, fig, and chrysanthemum. 

 



Methods of Micropropagation 

• Meristem Culture 

• Callus Culture 

• Suspension Culture 

• Embryo Culture 

• Protoplast Culture 



Stages of 

Micropropa

gation 



Stage 0 

• This is the initial stage of micropropagation. The stock plants are 

selected and grown under controlled conditions before using them 

for culture initiation. 

Stage I 

• The explants are established in a suitable culture medium. This stage 

involves the following steps: 

• Isolation of the explant 

• Surface Sterilization 

• Washing 

• The explant is established on an appropriate culture medium. 



Stage II 

• This stage involves the rapid multiplication of shoots or rapid somatic 

embryo formation in a defined culture medium. 

Stage III 

• In this stage, the shoots are transferred to a medium for the development of 

roots. The shoots are either transferred directly in the soil for the root 

development or transferred to a nutrient medium in the laboratory. 

Stage IV 

• In this stage, the plantlets are established in the soil. The shoots from the 

laboratory are transferred to a greenhouse under controlled conditions of 

temperature, humidity and light. 

 

 































Advantages of Micropropagation 

• The micropropagation technique has proved beneficial in many ways. 

Following are the advantages of micropropagation in plant 

production: 

• This is an alternative method for vegetative propagation with 

enhanced multiplication rate. 

• Large quantities of identical plants can be obtained from a single plant 

tissue within a very short time period. 

• The shoot multiplication has a very short cycle and each cycle results 

in a logarithmic increase in the number of shoots. 

• The small-sized propagules can be stored and transported easily. 



• The germplasm stocks can be maintained for several years 

using this technique. 

• It helps in the production and maintenance of pathogen-free 

plant varieties. 

• In a dioecious plant, the seed progeny yield is 50% male and 

50% female. This method helps in obtaining the desired sex of 

the plant. 

• Millions of plantlets can be maintained in the cultural vials. 

• Genetic uniformity of the propagules can be maintained 

through this technique. 

• It is a cost-effective process. 

 



Disadvantages of Micropropagation 

• The disadvantages of micropropagation are given below: 

• The plants produced are not autotrophic. 

• It cannot be implemented in all the crops. 

• The plants find a problem acclimatizing to the natural 

environment. 

 







PLANT TISSUE CULTURE  



PLANT TISSUE CULTURE  

Plant tissue culture is a collection of techniques used to 

maintain or grow plant cells, tissues or organs under 

sterile conditions on a nutrient culture medium of known 

composition. Plant tissue culture is widely used to 

produce clones of a plant in a method known as 

micropropagation . 

 



EXPLANT 

 Plant tissue cultures are generally initiated from 

multicellular tissue fragments, called explants, 

obtained from living plants.  

 Explants may originate from a wide range of plant 

tissues, such as…  

 leaf, stem, root, petiole, hypocotyl, cotyledon, embryo, 

or meristem 



Advantages of Plant Tissue Culture  

• The production of exact copies of plants that produce 

particularly good flowers, fruits.  

• To quickly produce mature plants.  

• The production of multiples of plants in the absence of seeds.  

• The regeneration of whole plants from plant cells that have 

been genetically modified. 

• The production of plants in sterile containers that allows them 

to be moved with greatly reduced chances of transmitting 

diseases, pests, and pathogens.  



• The production of plants from seeds that otherwise have 

very low chances of germinating and growing, i.e.: 

orchids and Nepenthes.  

• To clear particular plants of viral and other infections and 

to quickly multiply these plants as 'cleaned stock' for 

horticulture and agriculture. 

 

 



ADVANTAGES OF PLANT TISSUE 

CULTURE  

1) Availability of raw material  

2) Variation in supplies and quality  

3) Patent rights  

4) Easy purification of the compounds  

5) Modification of chemical structure  

6) Disease free and desired product  

7) Crop improvement 



METHODS OF PLANT TISSUE CULTURE 

Plant tissue culture includes two major methods:  

(A) Type of in vitro growth-callus and suspension cultures. 

  

(B) Type of explant— single cell culture, shoot and root cultures, 

somatic embryo culture, meristem culture, anther culture and 

haploid production, protoplast culture and somatic 

hybridisation, embryo culture, ovule culture, ovary culture, 

etc. 
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 Plant tissue is a collection of similar cells performing an organized function for the 

plant. Each plant tissue is specialized for a unique purpose, and can be combined 

with other tissues to create organs such as leaves, flowers, stems and roots.  

 Tissue culture simply directs and assistants the natural potential within the plant to 

put forth new growth and the multiply in highly efficiently and predictable way.  

 Totipotency i.e is the capacity of an individual all to regenerate in to the whole 

plant, the concept of totipotency (T.H. Morgan, 1901).  

 All the plant cells have their property since potential lies mainly in cellular 

differentiation. This indicates that all genes responsible for differentiation tissue or 

organ are able to express only under adequate culture conditions. 

 



 Plant tissue culture techniques are now being used as powerful 

tool for the study of various kinds of basic problems in the 

areas of plant physiology, cell biology and genetics. 

 Plant tissue culture technology can be grouped into following 

classes based on the type of explants used for culture intiation 

 Callus Culture 

 Cell Culture 

 Organ Culture 

 Meristem Culture 

 Protoplast culture 



 Callus Culture: Production of unorganized mass of cells 

(Callus) from explants by growing them on agarized medium. 

 Cell Culture: Culture of cells in liquid medium, usually 

aerated by agitation. 

 Organ Culture: Aseptic culture of embryos, anthers, roots, 

shoots, leaves, etc 

 Meristem Culture: Aseptic culture of shoot meristem in media 

 Protoplast Culture: The isolation and culture of plant 

protoplasts from cultured cells or plant tissue directly. 



 Basic importance steps of plant tissue culture 

1. Formation of tissue culture 

2. Explants selection 

3. Explants sterilization 

4. Callus culture  

5. Sub –culture of callus 

6. Regeneration of plant from calli 

7. Hardening 

 



  1902 - C.Haberlant-First attempt to culture isolated plant cells 

in vitro on artificial medium  

 1922 - WJ Robbins and W. Kotte-Culture of isolated roots ( 

for short periods) ( organ culture)  

 1934 - P R White-Demonstration of indefinite culture of 

tomato roots ( long period)  

 1939 - R J Gautheret and P Nobecourt-First long term plant 

tissue culture of callus, involving explants of cambail tissues 

isolated from carrot.  

 



 1939 - P R White-Callus culture of tobacco tumor tissues from 

intersepcific hybird of Nicotina glaucum X N.longsdorffi.  

 1941 - J Van Overbeek-Discovery of nutritional value of liquid 

endosperm of coconut for culture of isolated carrot embryo.  

 1942 - P R White and A C Braun-Experiments on crownn-gall 

and tumor formation in plants, growth of bacteria free crown-

gall tissues.  

 1948 - A Caplan and F C Stewart-Use of coconut milk plus 2, 

4-D fro proliferation of cultured carrot and potato tissues. 

 1950 - G Morel-Culture of monocot tissues using coconut 

milk.  

 



 1953 - W H Muir-Inoculation of callus pieces in liquid medium can 

give a suspension of single cells amenable tosubculture. 

Development of technique for culture of single isolated cells.  

 1953 - W Tulecke-Haploid culture from pollen of gymnosperm ( 

Ginkgo)  

 1955 - C O Miller, F Skoog and others-Discovery of cytokinins. 

E.g. Kinetin, or potent cell division factor.  

 1957 - F Skoog and C O Miller-Hypotheses that shoot and root 

initiation in cultured callus is regulated by the proportion of auxins 

and cytokinins in the culture medium. •  
 



 1960 - E C Cocking-Enzymatic isolation and culture of 

protoplast.  

 1960 - G Morel-Development of shoot apex culture technique.  

 1966 - S G Guha and S C Maheshwari-Cultured anthers and 

pollen and produce haploid embryos.  

 1978 - G Melchers-Production of somatic hybrids from attached 

to plasmid vectors into naked plant protoplast.  

 1983 - M D Chilton-Production of transformed tobacco plants 

following single cell transformation or gene insertion. 

 



Setting up of a tissue culture lab requires proper planning. It is 

divided into 5 areas . 

 

 Media preparation room  

 Aseptic transfer area  

 Culture room  

 Analytical room  

 Acclimatization room 

 



  Refrigerator & freezer 

  Water purification & storage system 

  Glassware washing facility 

  Continuous supply of single & double distilled water 

  Culture media, washing powder,disinfectants 

  Cabinets or shelves 

 



  Laminar air flow 

  Dissecting microscopes 

  Dissection instruments 

  Gas outlet 

  Vacuum facility 

  Sterilizer 

 



 Environmentally controlled 

  Incubators with controlled temperature 

  Rotary shakers 

  Lux meter 

  Space for cultures requiring complete darkness 

 



 Colorimeter 

 Low speed centrifuge 

 Inverted centrifuge 

 Chemical reagent racks 

  Viscosity meter 

◦  Gas outlet 

 



 High illumination(4,000-10,000 lux) 

 High humidity(90-100% through mist & fog systems) 

 



 Air conditioners 

 Uninterrupted power supply 

 Bunsen burners 

 Aluminium foils 

 Fluorescent lamps 

 Fire fighting equipment 

 



 No single medium supports growth of all tissues. 

 Some basic factors  

 Callus induction  

 Organogenesis 

 Murashige-Skoog medium, White’s medium, woody 

plant medium 
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Sterilization 

• Inactivation or killing of 

microbes and their spores in the 

laboratory and culture to prevent 

contamination is called 

sterilization. 

• Sterilization can be defined as a 

process by which all viable forms 

of micro-organisms(such as 

fungi, bacteria, viruses) are 

removed or destroyed 



HISTORY OF STERILIZATION 

LOUIS PASTEUR of France was among the first to use 

sterilization techniques, he developed the steam sterilization, 

hot air oven and the autoclave. Pasteurization was a method 

developed by him to rid of bacilli from milk. 

JOSEPH LISTER, applied Pasteur’s work and introduced 

antiseptic technique in surgery(1867). He is the father of 

antiseptic surgery. 



Sterilization Methods 



Physical methods 

Sunlight 

Drying  

Heat  

 Moist heat 

 Dry heat 

Radation 



1) Sun light - It is responsible for spontaneous sterilization in 

natural conditions.  

 In tropical countries, the sunlight is more effective in killing 

germs due to combination of ultraviolet rays and heat.  

 By killing bacteria suspended in water, sunlight provides 

natural method of disinfection of tanks and lakes.  

2) Drying - Moisture is essential for growth of bacteria.  

 Drying in air has dangerous effect on many bacteria. 

However, spores are unaffected.  

 Therefore, it is not satisfactory method for sterilization. 



3) Heat sterilization-  

 A)Dry heat sterilization- In dry heat sterilization, dry heat is used 

for sterilizing different materials. Heated air or fire is used in this 

process. As compared to the moist heat sterilization, the 

temperature is higher. The temp. is maintained for almost an hour 

to kill the most difficult of the resistant spores.  

Dry heat sterilization also have 4 type:-  

1) Hot air oven  

2) 2) Red hot sterilization  

3) 3) Flaming  

4) 4) incineration 



Hot air oven 

Hot air ovens are electrical devices 

which use dry heat to sterilize. They 

were originally developed by 

pasteur. 

  Generally, they can be operated 

from 50 to 300 °C, using a 

thermostat to control the 

temperature. An air circulating fan 

helps in uniform distribution of the 

heat.  



Red hot sterilization 

Sterilization by holding them in Bunsen flame till they become 

red hot. It use for bacteriological loops, straight wires, tips of 

forceps & spatulas  

 



Flaming 

This is a method of passing article over a flame, but not heating it 

to redness. Use- scalpels, mouth of test tubes, flask, glass slide 

& coverslips 



Incineration 

Incineration is a waste treatment process that involves of organic 

substances contained in waste materials. 

This method also burns any organism to ash. It is used to sterilize 

medical and other biohazardous waste before it is discarded with 

non-hazardous waste 

 



Moist heat sterilization 

 Moist heat method is used for heat sensitive materials and 

materials through which steam is permeable. culture 

media is also sterilized through moist heat sterilization.  

 It has also 3 types:-  

   1) Below 100°C  

   2) At 100°C     

   3) Above 100°C  

    

 



1) Below 100°C:- It has also 2 types i) Pasteurization, ii) inspissation 

i) Pasteurization- Its purpose is to reduce the bacterial population of a 

liquid such as a milk & destroy Organism that ma cause spoilage. 

Spores are not affected by this method. 

ii) Inspisation:- Heating at 80-85°C for half an hour daily on three 

consecutive days. Serum or egg media are sterilized.  

 

Pasteurization Inspisation 



2) At 100°c:- It has also 2 types. i) Boiling, ii) Tyndallization 

i) Boiling:-Boiling is a very simple method of water 

disinfection. Heating water to a high temperature, 100°C, kills 

most of the pathogenic organisms, particularly viruses and 

bacteria causing waterborne diseases. In order for boiling to 

be most effective, the water must boil for at least 20 minutes. 



ii) Tyndallization:- Exposure at 100°C for 20-45 minutes for 3 

successive days. Used for sterilizing sugars, gelatin, & serum 

containing media. 

 



3) Above 100°C:-  

Autoclave  

 Autoclaving is the most reliable method for sterilization.  

 Autoclave use pressurized steam to destroy microorganism, and are 

the most dependable system available for the decontamination of 

laboratory waste & the sterilization of glass wares, media, & 

reagents. 

 For efficient heat transfer, steam must flush the air out of the 

autoclave chamber.  

 Generally the conditions employed are temperature up to 121-134° 
for 15-20 minutes under 15 lbs pressure. The condition based on the 

type of the material used for sterilization.  

 



Autoclave 



Radiation sterilization:-  

    A) Non-ionizing(Hot sterilization) 

    B) Ionizing(Cold sterilization) 

  

A) Non-ionizing(Hot sterilization):-  

 i) Infrared rays- used for rapid mass sterilization of prepacked 

items such as syringe, catheters( a thin tube that is put into the 

body in order to remove liquids)  

 ii) U.v. rays- used for disinfecting enclosed area such as entry 

ways, operation theatres & labs. 





• B) Ionizing(Cold sterilization):-  

• Gamma rays & X-rays:- Used for sterilizing plastics, syringes, swabs, 

animal feeds, oils, greases, fabric & metal foils  

 Advantages of radiation sterilization:- clean & dry process, ensure full 

exposure of object from all direction.  

Disadvantages:- posses threat to human, lengthy process, requires very 

qualified person 



Chemical methods  

1) Gaseous sterilization:- 

     i) Ethylene oxide  

    ii) Formaldehyde gas  

2) Liquid sterilization:-    

    i) Alcohol  

     ii) Phenol  



Gaseous sterilization 

• i. Ethylene oxide:- EtO sterilization is mainly use to sterilize 

medical & pharmaceutical products that can not support 

conventional high temperature steam sterilization- such as 

devices that incorporate electronic components, plastic 

packaging or plastic container.  

• This method uses automatic device filled with ethylene oxide 

gas at temperature below 100°C to sterilize complex & 

delicate material. 

• EtO destroys microorganism by chemically reacting with 

nucleic acid. 



• Advantages :- Fully automatic, high efficiency, 100% result 

• Disadvantages:- Complex and time consuming process, 

carcinogenic safety concern  

ii. Formaldehyde gas:- Another low temperature method for sterilizing 

heat sensitive items is formaldehyde sterilization. Formaldehyde is 

an organic chemical compound which is a by-product of the 

metabolism of many organisms and is commonly found in fresh air, 

rainwater, foods, industrial products and fabrics.  

 It is considered even more dangerous than EtO and is therefore less 

commonly used for sterilization. 



• Formaldehyde sterilization is used where sterilization by steam or 

high temperature is not possible  

• Formaldehyde is soluble in water and its inactivation power is 

greatly improved by the presence of humidity. It is most commonly 

used as a disinfectant, but sometimes formaldehyde is used as a 

sterilizing agent. The process is known as low temperature steam 

and formaldehyde (LTSF). 

• In countries such as united kingdom, germany, sweden, denmark 

and norway sterilization by LSTF is accepted, but not common. On 

the other hand in several countries formaldehyde as a sterilizing 

agent is discouraged. LTSF has not been FDA cleared for use in 

healthcare facilities in the USA 



• Advantages:- Very reactive molecule, Faster cycle time 

compared to EtO, cost per cycle is lower than EtO, after 

sterilization most loads are available for immediate use 

• Disadvantages:- The vapour is extremely irritating to the 

eyes, weak penetrating power compared to EtO, operates on a 

higher temperature than EtO, formaldehyde residue can remain 

on the sterilized goods if the rinsing phase is not 100% 

efficient. This can be harmful for the patients 



• 2) Liquid sterilization i) Alcohol:- Alcohols are effective 

disinfectants for many reasons. They evaporate quickly, 

without leaving a residue.  

 Ethanol and isopropyl alcohol are both members of the alcohol 

family and have similar disinfectant properties. Ethanol is the 

type of alcohol present in alcoholic beverages.  

 Isopropyl alcohol is also known as isopropanol, 2-propanol or 

rubbing alcohol. When used as disinfectants, both are typically 

at a concentration of 70 percent in water.  



• ii) Phenols:- Phenol is one of the oldest antiseptic agents.  

 phenols acts by damaging cell membrane thus releasing cell 

contents & causing lysis.  

 phenols is commonly found in mouth washes, scrub soaps, & 

surface disinfectants.  

 phenols are used for decontamination of the hospital 

environment, including laboratory surfaces, & non critical 

medical items. 
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Plant Tissue Culture Medium 

 

 Media used in plant tissue culture contain nutritional components. 

 Nutritional components are essential for growth and development 

of cultured tissue 

 The success of the tissue culture depends very much on the type of 

culture media used. 

 Each plant tissue culture medium must contain the following 

essential components to support invitro plant growth. 

  These are as follows.  

 



These are as follows.  

 

 1) Macro inorganic nutrients. 

 2) Micro inorganic nutrients 

 3) Iron (as chelating agent) 

 4) Vitamins 

 5) Carbon sources 

 6) Organic nitrogen 

 7) Plant growth regulators 

 8) Agar (as gelling substance) 

 



Nutrients 

Organic 
nutrients 

Inorganic 
nutrients  

Micro nutrients  Macro nutrients  vitamins  
Hexitols  
Amino acids  
Carbohydrate 
 
 
 



Macro nutrients 

 Need of macro nutrients is higher. 

 It is present in milli molar (mM) quantities (more than 30 ppm/1 or 

mg/1) 

 Macro nutrients provide both anions and cations for the plant cells. 

 Macro nutrients are nitrogen (as NO3 and 

NH4),phosphorus(PO4),potassium(K),sulphur(a s 

SO4),magnesium(Mg),and calcium(Ca). 

 Macro nutrients have structural and functional role in protein 

synthesis, cell wall synthesis enzyme Co-factors and membrane 

integrity. 

 



Nitrogen 

 In organic form used as amino acids, different 

organic acids and casein hydrolysate. 

 In inorganic form used as Nitrate or ammonia. 

 Nitrogen is major component of all plant tissue 

culture media. 

 Nitrogen helps to synthesis complex organic 

molecule. 

 



Potassium 

 K ion is present in high concentration in the cytoplasm (100-200 

mM) and in chloroplast(20-200 mM). 

 K+ is essential for mentaining the ion balancing, activation of 

many enzymes. Maintaining osmotic pressure and osmotic 

regulation of cells. 

 



Calcium 

 Calcium functions with different enzymes as Co- factor and 

bound to the cell wall and cell membrane. 

 It gives strength to cell wall. 

 It helps in the regulation of the the cell membrane structure. 

 Deficiency causes disintegration of the membrane and shoot tip 

necrosis. 

 Important in cell and root multiplication. 

 Supplied as calcium chloride and calcium nitrate. 

 



Phosphorus 

 Phosphorus 

 Very important for energy metabolism. 

 Essential element for DNA & RNA. 

 Deficiency may cause delayed growth and dark green coloure of 

leaves. 

 Supplied as sodium hydrogen phosphate or potassium hydrogen 

phosphate. 

 



Magnesium 

 Essential for enzymatic reactions, energy metabolism(ATP 

synthesis). 

 Supplied as magnesium sulphate. 

 



Sulphur 

 Important substance. 

 Deficiency of Sulphur inhibits protein synthesis and decreases 

Chlorophyll in leaves. 

 Supplied as magnesium Sulphate and Potassium Sulphate. 

 



Micro Nutrients 

 Boron(B), 

 Manganese(Mn), 

 Zinc(Zn), 

 Molybdenum(Mo), 

 C opper(Cu), 

 Cobalt(Co). 

 

 Used in less amount less than 30ppm.(mg/l). 

 Concentration is always in uM. 

 



Zinc 

 Zn plays an active role in protein synthesis and in the synthesis of 

tryptophan. 

 Supplied as Zinc Sulphate. 

 



Manganes 

 Plays an important role in the Hill reaction of photasynthesis. 

 Required in many enzymatic activities. 

 Supplied as Manganese Sulphate. 

 



Copper 

 Copper plays important role in photosynthesis. 

 Intermediate of the electron transport chain between photo 

system 1 & 2 

 Deficiency leads to decrease in photosynthesis. 

 Supplied as Copper Sulphate. 

 



Molybdenum 

 Essential for conversation of Nitrate to Ammonium. 

 Supplied as Sodium molybdate. 

Boron 

 Involves in different enzymatic activities. 

 Supplied as Boric acid. 

 

 



Iron 

 

 Important Enzyme Co-factor 

 Supplied in uM quantities. 

 It is supplemented with chelators and Complex compounds due to 

its solubility problem. 

 Supplied as Na2FeEDTA 

 Iron deficiency have severe effects on the growth and 

development plant cells.   

 



Organic Nutrients 

 Vitamins 

  Plant synthesis required vitamins. 

  Essential for many biochemical reaction. 

  Cultured cell are capable to produle vitamins at 

some level. 

  They require an exogenous supply of different 

vitamins for optimum growth. 

  Most usable vitamins are Thiamine, Pyridoxine 

nicotinic acid Vitamin B Complex. 

 



Hexitols 

  Most tissue culture media have this compound. 

  Essential for seed germination, sugar transport, 
carbohydrate metabolism, membrane structure and 
cell wall formation. 

  Mannitol and sorbital are hexitols. 

 



Amino Acids 

  Glycine is the most common Amino Acid used in 
different culture media. 

  It is not essential but Nitrogen containing Amino 
Acid enhance growth and plant regeneration. 

 



Carbohydrate 

  Cells and tissue reduires exogeneous supply of 
carbohydrates to replace the carbon which the plant 
normally fixes from the atmosphere by 
photosyntheis. 

  Supplied by adding sucrose. 

  Concentration is 20-30 gm/l. 

 



Gelling Agent 

  Agar – Agar 

  Agar is a natural product of seaweeds. 

  Since 1658 agar-agar is obtain from red algae 
(Gelidium Gracilaria) 

  With water it melts at 100’C and solidify at 45’C 

 



Agarose 

  It is highly purified agar prepared from Gelidium 
sp. Of seaweed. 

  Agarose melt and gel at temperatures below 30’C 
and dissolve through boiling. 

  Agarose is much more expensive agar-agar 

 



Gelrite or Phytagel 

  Gelrite is a naturally derived polymer and 
produced by the microbial termentation of a 
bacterium Pseudomonas elodea. 

  It is low cost gelling agent. 

  0.1-0.2 % concentration pen litre required. 

 



Natural Media 

  Endosperm fluid / coconut  
  Coconut fruit milk 
  Fruit materials  
  Orange juice, Tomato juice Banana pulp 
  Potato extract  
  potato 
  Extracts of malts, yeast  
  Malt, Yeast 
  Animal extracts  
  Fish emulsion 
  Protein hydrolysates  
  Casein hydrolysate Peptone 



Plant growth regulators 

  A plant hormone can be defined as a small organic 
molecule that elicits a physiological response at very 
low conc. 

  PGS plays an important role in the phenotype. 

  Act as messenger between environment and the 
genome. 

 



Auxins 

 

  Essential for cell division, cell elongation, cell 
differentiation, organogenesis and embryogenesis, 
callus formation 

  Natural form auxins are IAA, IBA, PAA 

  Synthetic form of auxins are NAA, 2, 4-D. 

 



Cytokinins 

 

  Cytokinins promote cell division, shoot 
proliferation and influence the cell cycle. 

  Embryogenesis and inhibit roof formation. 

  Synthetic form is 2-ip which is most active 
cytokinins. 

  Natural forms are BAP and kinetin. 

 



Gibberellins 

 

  It promotes stem elongation, bulb corm formation 
and embryo maturation but can inhibit callus growth 
and root induction. 

  GA3 is most common gibberellins. 

 



Abscisic acid 

 

  It inhibits shoot growth and germination of 
embryo. 

  It is thermostable but light sensitive 

 



pH of tissue culturemedia 

 

  Ph is adjusted between 5 & 5.8 before gelling and 
sterilization with the help of dilute NaOH, KOH or 
HCL. 

  Ph below 5 will not gel properly. 

  Ph above 6 may be too hard. 

 



Types of media 

  Murashige & Skoog Medium (MS)  

  White Medium  

  Nitsch Medium  

  CHU (N6 ) Medium  

  B5 medium  

  Schenk & Hidebrandt Medium (SH)  

  Woody plant media 
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What is Agro-Climatic Zone? 

• Food and Agriculture Organization (FAO) defined an agro-

climatic zone (ACZ) as a land unit represented accurately or 

precisely in terms of major climate and growing period, which 

is climatically suitable for certain range of crops and cultivars. 

In other words, it is an extension of the climate classification 

keeping in view the suitability to agriculture. 

 



Temperate northern region- 

• States of Jammu and Kashmir, Himachal Pradesh. hilly areas of 

Uttar Pradesh, West Bengal are suitable for temperate fruits, cool 

season vegetables. 

North-western arid region 

• Rajasthan, Gujarat, parts of Punjab and Haryanai suitable for arid 

fruit crops like ber, pomegranate, amla, date palm, wood apple and 

seed spices, corianders, cumin. fennel. 

 



North-eastern subtropical humid region 

 Arunachal Pradesh, Assam, Maniput,  Meghalaya, 

Mizoram, Nagaland, Tripura are suitable for 

banana, pineapple, citrus, jack fruit, tea, large-

cardamom. 

North-central subtropical region- 

 Parts of Uttar Pradesh, Bihar, entire Madhya  

Pradesh and parts of Maharashtra suitable for 

mango, sapota, sweet oranges,  guava.  

 



Coastal tropical humid region- 

 Entire coastal region near the Bay of Bengal in the East and 

Arabian sea in the West are suitable for banana, mango, 

cashew, coconut. 

Southern hilly zone- 

 Western Ghats and Eastern Ghats hills above 800 m MSL are 

suitable for coffee, tea, cardamom, pepper, oranges, pineapple. 

 



South central tropical region 

 Central area bordered by the Western and Eastern Ghats 

in Tamil Nadu, Andhra Pradesh, Karnataka and parts of 

Maharashtra are  suitable for mango, guava, sapota, 

pineapple, turmeric, etc. 

 







 

CLASSIFICATION OF 

HORTICULTURAL CROPS 

 

Dr. S. VELMURUGAN 
Guest lecturer 

P.G and Research Department of Botany  

Alagappa Government Arts College 

Karaikudi -03 



 

CLASSIFICATION OF HORTICULTURAL CROPS 

 

• Pomology (Fruits) 

• Olericulture (Vegetables) 

• Floriculture (Flowers) 

• Gardening 

• Arboriculture 

• Spices 

• Plantation Crops 

• Medicinal and Aromatic Plants 

• Nurseries 
 



Pomology (Fruits) 

• Pomology is the cultivation of fruit crops. It 

deals with propagation, improvement, 

cultivation, training, pruning and protection of 

fruit crops and harvesting, storage and 

marketing of the fruits. Pomology is concerned 

with the cultivation of major fruits and many 

under – exploited fruits. 



The major fruits are widely grown as importance crops in many 

parts of the world. They include- 

a. Tree fruits - fruits borne on trees (e.g. mango, lanzones). 

 

 Mango  lanzones 



b. Nut fruits - fruits borne on trees but which are enclosed by a 

stony structure (e.g. cashew, pili). 

 Cashew  Pili 



c. Small fruits - fruits not borne on trees and are small  

     (e.g. strawberry, grapes). 

 Strawberry  Grapes 



d. Herbaceous fruits - fruits not borne on trees but borne on plants 

with upright succulent, supporting stem (e.g. banana, pineapple). 

Banana  Pineapple 



Olericulture (Vegetables) 

 It is the division of horticulture concerned with the science 

and art of vegetable production. 

 Olericulture refers to the cultivation of vegetable crops.  

 It deals with propagation, improvement, cultivation, 

training, aftercare and protection of vegetables crops. 

 Importance is also given to storage, processing and 

marketing of the harvested vegetables. 

 



Classification of Vegetables 

Classification based on part used as food vegetables come under 

the following categories. 

1. Leaves or Stems – Cabbages, Amaranthus 

2. Fruits – Melons, Tomato, Egg Plant, Peas and Beasns. 

3. Flowers – Cauliflower, brocccoli, clove bean 

4. Underground tubers, roots, bulb and corm- sweet potato, 

beet root, carror, radish, garlic, elephant- foot yam. 



Vegetables are also often grouped as  cool season or warm season crops 

according to their temperature requirements. 

Vegetables like, cauliflower, carrot, potato, etc, are cool season 

vegetables.  

Brinjal, chilly, cucurbits, etc are warm –season vegetables.  

The edible part in cool season vegetables are mostly root, stem, leaves 

and buds or immature flowers. 

In case of warm season vegetables, the mature or immature fruit 

constitutes the edible portion. 

 



Vegetable crops which require similar cultural requirements are grouped 

together. There are 12 major groups of crops. 

Group 1 Perennial Vegetables:  
 

 Drumstick 

 Chowchow 

 Asparagus  

 Coccinea 

 



Group 2 Pot- Herbs and Greens  
 

 Amaranthus 

 Spinach 

  



Group 3 Salad crops  
 

  Celery 

  

Lettuce 



Group 4 Cole crops 

Cabbage Cauliflower 



Group 5 Root Crops 

Beet root Carrot Radish 



Group 6 Bulb crops 

Onion Garlic 



Group 7 Potato 



Group 8 Tuber crops 

Tapioca Sweet potato 



Group 9 Peas and beans  

Cocoa pea French bean Cluster bean 



Group 10 Solanaceous vegetables   

Tomato Brinjal Chillies 



Group 11 Cucrbits   

Cucumber Ash gourd Pumpkin 



Group 12 Okra   



 Flowers (Floriculture) 

 It refers to the cultivation of plants which give economic flowers. 

Growing jasmines, roses, chrysanthemum, etc. on commercial scale 

for cut flowers or for extraction of essential oils is the importance 

aspect of floriculture. Flowers arrangement and dry decorations 

constitute the display of cut flowers; this is yet other aspect of 

floriculture.  



Classification of Ornamental plants 

All the plants grown for their aesthetic value are put under the group 

ornamental plants. 

Ornamental plants are further classified based on their specific uses. 

One broad classification is putting them under two general 

categories like nursery plants and flowers crops. 

The former includes plans used for landscaping purpose and the 

latter includes the commercially important floricultural plants. 



Depending on their functional uses the ornamental plants come 

under the following main classes. 

Lawn/turf grass 

Flowering plants 

Specimen shrubs 

Annual and herbaceous perennials with attractive flowers of foliage 

Climbers and creepers 

Cacti and succulents ferns and palms  

Water plants 

 



Lawn/turf grass 

 A lawn is an area of soil-covered land planted with grasses 

and other durable plants such as clover which are maintained at a 

short height with a lawnmower (or sometimes grazing animals) and 

used for aesthetic and recreational purposes. 

 

Lawn 



Flowering plants 

 Flowering pot plants - plants grown in containers for their 

beautiful flowers, usually used for display purpose  

   (e.g. chrysanthemum, santan, bougainvilla). 

 

 



Specimen shrubs 

Specimen plants are plants grown by themselves, usually, in a lawn or 

garden, for ornamental effect, rather than being massed with others as 

are bedding plants, hedge plants, or edging plants. Specimen plants 

can thus serve as focal points in a landscape design. 
 



Annual and herbaceous perennials with attractive flowers of foliage 
 

They can be actually in ground or as potted plants. 

They bring mobility in a green 

They can be grown individually or with perennial plants as mixed borders. 

Many of these can be grown in cool greenhouse almost throughout the 

year. 

Herbaceous Perennials 

 plants with soft stems that cannot be included in shrub group are 

termed herbaceous perennials. They live year after year. Among many 

herbaceous perennials only few do well in tropical climate, majority of 

others thrive best in temperate climate. They are propagated through seeds. 

Offsets or cuttings. 



Herbaceous foliage plants 
 

 These are shade – loving herbaceous perennials popularly grown 

for their ornamental foliage. A list of popularly grown herbaceous foliage 

plants  (eg.Caladium, Spider plant, Maranta and Ribbon grass)  



Climbers and creepers 

Botanically, plants, which have special structure to climb on supports, are 

defined as climber.  

Climbers are very important ornamental plants and the beauty of any garden 

can be greatly increased by carefully selecting and planting them in a 

suitable place. 

The growth habit and mass of colour give charming appearance. Climbers 

are very commonly used on arches and pergolas but in cities their utility 

enhanced for the purpose of screening the premises from adjacent houses 

and maintaining privacy.  



Most of the flowering climbers require full sun for growth and flowering; 

few climbers, however, grow well in shade and flower. 

 e.g., Thunbergia grandiflora, Clerodendron splendens, Jacquemontia 

violacea, Asparagus racemosus, Scindapsus, Philodendrons, Monstera 

deliciosa, Syngonium, Cissus discolor are grown for beautiful foliage in 

shade or partial shade. 

 



Water plants 

 Growing plants in water without soil, indoor 

hydroponic gardening. Small freshwater gardens are easy to create 

and simple to care. - Then add base layer in a few inches of gravels 

stones to the bottom of the bottles. - Next set and tuck 

the plant roots into the gravels.  

Eg. Hardy water lily (Nymphaea spp.) 

Lotus (Nelumbo spp.) 

Tropical water lily (Nymphaea spp.) 

 

 



Plantation Crops - Classified according to their usual 

components; may have different cultural practices but their principal 

products can be substituted for one another. 

a. Oil crops - grown for their oil content (e.g. coconut, oil palm) 

b. Fiber crops - grown for their fibers which are used for textiles, 

cordage, pulp, paper, twines, sacks, bags, mats, decors (e.g. abaca, 

maguey). 

c. Beverage crops - used for brewing non-alcoholic drinks (e.g. 

coffee, cacao, tea). 



d. Spices, condiments and essences - used to provide special flavors, 

scents and colors to food, perfumes, soaps and body dressings (e.g. 

black pepper, vanilla, canella). 

e. Latexes and resins - crops where products of the sap (latex) tapped 

from the bark or fruit peel are obtained (e.g. rubber) - chico, papaya, 

pili, rimas which are classified under fruit crops. 

f. Medicinal and botanical pesticides - crops with curative, laxative 

or pesticidal properties, eg. bunga, lagundi, neem 

 

 



Importance of horticultural crops 

1. Economic importance 

2. Nutritive value 

3. Aesthetic, therapeutic and recreational importance 

4. Traditional uses 
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Cultivation of Banana 



Banana 

• Banana is the oldest and commonest fruit known to the 

mankind.  

• It is one of the important fruits, and constitutes second largest 

fruit industry in India.  

• It is nutritious palatable and easily digestible fruit. It is 

available throughout the year.  

• Banana is rich in carbohydrates, minerals such as calcium, 

potassium, Mg, Na and phosphorous.  



• Other than fresh fruits, it can be consumed as processed 

in various forms like chips, powder, flakes, etc.  

• Banana pseudostem is chopped and used as cattle feed.  

• Also, the leaves are used as plate.  

• The botanical names of banana are  

 Musa cavendish and Musa paradisiaca, which belongs to 

the family Musaceae. 

 

 



Climate:  

• Being a tropical crop, banana requires warm, 

humid and rainy climate.  

• The optimum temperature range is 10 to 400C and 

the relative humidity is 90% or above.  



• Soil:  

 Banana is a heavy feeder crop/. Therefore, fertility of soil is 

very important. Rich, well drained, fertile, free working, soils 

with plenty of organic matter are best suited for cultivation. 

The optimum range of pH of soil should be 6 to 8. 



Varieties 

 Dessert  

Robusta, Dwarf Cavendish, Grand Naine, Rasthali, Vayal 

vazhai, Poovan, Nendran, Red Banana, Karpooravalli, Co.1, 

Matti, Sannachenkadali, Udayam and Neypoovan are popular 

varieties in banana. Cavendish groups are generally prefered in 

export market. 

Culinary  

Monthan, Vayal vazhai, Ash Monthan and Chakkia are 

cultivated for culinary purpose. Nendran is a dual purpose 

variety used for dessert and culinary. 



• Hillareas 

The popular varieties of bananas suitable for 

hilly areas are Virupakshi, Sirumalai and 

Namarai. Red Banana, Manoranjitham 

(Santhana vazhai) and Ladan are also 

cultivated in hills. 

 

 



Propagation 

• Propagation 

 Commercial edible bananas do not produce viable seeds. So, 

the banana is commonly propagated by suckers and sword 

suckers with narrow leaves. Rhizomes whole or in bits from 

fruited and non-fruited plants with at least one sound bud can 

be successfully used as propagating material. 



Propagation 

• Suckers  

• Tissue culture plants 

 

Suckers: daughter suckers taken from the rhizome of pervious 

year crop or bits of rhizome with one or two sprouting bud are 

used to raise banana. 

The suckers may be two types Sword suckers and water 

suckers 



 Sword suckers 

– Banana suckers that have well developed rhizome with narrow 

sword shaped leaf blades at the early stage are called sword 

suckers. 

– They are produced from the base of healthy banana clumps. 

Water suckers 

 Suckers that have small sized rhizome with broad leaves are 

known as water suckers. 

They are usually produced from old clumps growing under shade 

in poorly managed plantations 



Tissue culture plants 

 Banana cultivars such as Nendram, red banana, rasthali, kadhali, etc. are 

propagated through tissue culture methods . 

 These tissue culture plants are free from viruses and give more yield than those 

raised from suckers, but the yield is delayed for one month. 

Ms medium 

Thiamine 

Myo inositol 

L- tyrosine 

Sugar 

Agar 

BA  

IAA 

Adenine sulfate 



Planting 

 

• Planting can be done in May-June or in September - October. Single 

sucker is planted upright in small pits taken in the centre leaving 5 

cm pseudostem above soil level.  

• Soil is  pressed around the sucker to avoid hollow air spaces.  

• Tissue culture plants are planted on the top of the pit at ground level. 

• Polye cover should be removed before planting without damaging 

the roots. Planting is followed by light irrigation. Partial shade 

should be provided immediately after planting. 



• Banana can be planted throughout the year except in severe 

winter and during heavy rains when the soil remains very wet. 

• The ideal time (October-November) of planting is after the 

monsoon season. 

• With assured irrigation, the planting can also be done in 

February-March. 

•  Plant population depends on cultivars, topography and soil 

fertility. 

• Apply 25 g Pseudomonas fluorescence / plant at the time of 

planting. 
 

 



• Field Preparation 

• Wetlands:  no preparatory cultivation is needed 

• Garden lands: 2-4 ploughings are required  

• Padugai : one deep spade digging is needed 

• Hill Banana: Cleaning the jungle and construction of contour stone walls 

before planting is required. 

• Prior to planting banana, grow the green manuring crop like daincha, 

cowpea plough insist in the field.The selected field must be ploughed 4-6 

times and allowed to weather for two weeks. 

• Rotovator or harrow is used to break the clod and bring the soil to a fine 

tilt. During soil preparation basal dose of FYM (about 50 tonnes/ha. before 

last harrowing) is added and thoroughly mixed into the soil. 



• The field is leveled by passing a blade harrow or laser leveler. 

•  Land Leveling through Laser Leveler is one such proven 

technology that is highly useful in conservation of irrigation 

water. Laser land leveling is leveling the field within certain 

degree of desired slope using a guided laser beam throughout 

the field. 

•  By using laser leveler, the land looks leveled  even when the 

wide topographic variation exists, wide variability in crop 

yields at field, better distribution of water, saving the water, 

improvement in nutrient use efficiencies, option for precision 

farming, achieve higher crop productivity. 



• A pit size of 45cm x 45cm x 45cm is normally required. The pits 

are to be refilled with topsoil mixed with 10 kg of FYM (well 

decomposed), 250 gm of Neem cake and 20 gm of carbofuron. 

• In areas where nematode problem is prevalent, nematicides and 

fumigants are also added to pits before planting. 

• Prepared pits are left to solar radiation helps in killing the harmful 

insects, is effective against soil borne diseases and aids aeration. 

• In saline alkali soil where PH is above 8 Pit mixture is to be 

modified to incorporate organic matter. Addition of organic matter 

helps in reducing salinity while addition of purlite improves, 

porosity and aeration. 

 



• Alternative to planting in pits is planting in furrows. Depnding on 

soil strata one can choose appropriate method as well as spacing and 

depth at which plant is required to be planted. 

• In wetlands and hilly areas no land preparation is needed and pits 

are directly taken in the required spacing. For Hill Banana 

cultivation clean the jungle and construct contour stone walls before 

planting. 

• Plough furrows may be formed length wise and breadth wise of the 

field at the required spacing and its intersection of the plough 

furrows pits of size 0.6m x 0.6m x 0.6m are dug sufficiently ahead 

at points fixed for planting. 

 

 

 

 



System of Planting 

• Single row system 

• In single row planting, the distance within the row is close, whereas the 

distance between the row is wide. 

• This system allows good aeration to plant canopy, allowing wet leaves 

to dry more rapidly, reducing fungal disease severity. 

• In this, less number of trees occupied in the field and yield will 

automatically reduced . 

 



Paired Row System 

• In this method, the distance between the two lines is 0.90 to 

1.20 m. while plant to plant distance is 1.2 to 2 m. 

• Due to this spacing, intercultural operations can be carried out 

easily and cost of drip irrigation is decreased. 

 



Square System 

• This is the most commonly followed system and is 

very easy to layout. 

• Banana is mostly cultivated by adopting 1.8x1.8m 

spacing 

• In this system, trees are planted on each comer of a 

square whatever may be the planting distance. 

• The central place between four trees may be 

advantageously used to raise short lived filler 

trees. 

• This system permits inter cropping and cultivation 

in two directions. 

 



Pit Method 

• Pit planting is commonly followed in garden land system of 

cultivation. Pits of 60 cm x 60 x 60 cm x 60 cm size are dug, 

filled with a mixture of soil, sand and FYM (Farm Yard 

Manure) in a 1:1:1 ratio. Suckers are planted in the centre of 

the pit and soil around is compacted. 

• Planting is done from February to May whereas in North 

India, it is done during July-August. In South-India, it can be 

done any time of year except summer.This is mostly followed 

in biennial plantations for Dwarf Cavendish, Rasthali, 

Robusta, Poovan and Karpuravalli banana. 

• However this method is very laborious and expensive. The 

only advantage is that no earthing up is required as planting is 

done at the required depth. This practice is not very popular at 

present. 

 



Pit Method 



Furrow Method 

• In Gujarat and Maharashtra, furrow planting is practised. After land 

preparation, 30-40 cm deep furrows are made, either manually or 

with a ridger. 

• Suckers are placed at required spacing; FYM is applied around, 

mixed with soil and tightly packed round the suckers. 

• Furrow planting is practised in annual panting system. In this 

method earthing up needs to be frequently done to cover the 

exposed rhizomes. 

 



Trench Planting 

• Trench planting is practised in wet land cultivation of Cauvery delta region of 

Tamil Nadu. Land is prepared like paddy using plenty of water and gauge 

wheel. 

• Water is drained from the field allowing setting for a day. Planting is done by 

simple pressing the suckers into the wet field. 

• After a week 15 cm deep trenches are opened both ways maintaining 4 or 6 

plants in each block. 

• Deepening of trenches by 20-25 cm is taken up every month after planting till 

suckers put forth 1-3 leaves. 

• During third month trenches are broadened and deepened to 60 cm. in rainy 

season some trenches are used as drainage channels. After about 2 months, 

trenches are cleaned; decayed manure is used for plants for organic cycling. 

 



Trench Planting 



High Density Planting 

• High Density Planting (HDP) is normally refers to planting at a spacing than the 

usual recommended spacing. 

• Choosing the correct planting density is very important for bridging the gap 

between the actual yield and the potential yield of banana from a unit area. 

• For the highest possible yields of good quality fruit, there is an optimum plant 

density, which should be maintained for sustaining the economic life of the 

plantation. 

• This optimum varies with the location, cultivator, soil fertility, management level 

and economic considerations. 

• These factors in turn influence more specific determinants of density choice such as 

prevailing climate, plantation vigour and its longevity. 

 



High Density Planting 



Flowering and fruit maturity 

• Dwarf Cavendish banana required a minimum of 3.24m2 , 

which can be achieved by spacing at 1.8 x 1.8m or 2.7 x 1.2m. 

• With plant densities of 1600 to 10000 per hectare by spacing 

from 1.0 x 1.1 to 2.0x2.0m, significant delay in flowering and 

fruit maturity. 

 



Bunch weight and quality 

• Planting two plants per hole at spacing of 1.8 x 1.8m doubled 

the yield with little or no influence on bunch size and time of 

maturity on the plant crop in Dwarf Cavendish. 

• In Robusta banana also, double planting increased returns. 

 



Fruit yield 

• High density planting in banana enabled to achieve higher yields. 

• High density planting coupled  with practices like cowpea intercrop, 

timely irrigation and fertilization can bring phenomenal yield 

increase in Robusta banana without adverse effect on finger size and 

shape. 

• Different planting densities fertilizer requirement under HDP system 

(Nalina, 1997) with planting of three and four suckers per pit at 

spacing of 1.8 x3.6 m. 

• There were three NPK levels viz. 50,75 and 100% of the 

recommended doses. 

 



Plant Protection 

• Banana stem weevil 

• Banana Aphid 

• Banana Beetle 

• Nematodes 

• Sigatoka leaf spot 

• Panama Diseases 

• Bunchy Top 



Banana stem weevil 

Banana Aphid 



Banana Beetle 

Nematodes 

Sigatoka leaf spot 



Sigatoka leaf spot 

Bunchy Top 
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Cultivation of Jasmines 

• Jasmines are shrub of the genus jasminum. They are natives of 

Asia. They are popular as garden plants for fragrant flowers of 

white or yellow colour. There are many species of jasmines, of 

which three species are grown in economic scale in the South 

India.  

• Jasminum auriculatum (Tamil - Mullai) 

• Jasminum sambac (Tamil - Malligai) 

• Jasminum grandiflorum (Tamil - Pitchi) 



Varieties 
• Malligai – Single Mogra,  Double Mogra, Irwatchi and 

Ramanathapuram Gundumalli. 

• Mullai – CO1 and CO2 

• Pitchi – CO1 and CO2 

Soil 

 Drained red soil 

 Sandy loam soil 

Climate 

 Warm summer, mild winter, moderate rainfall and sunny days. 



• Preparation and planting 

 

 Layers or rooted cuttings are planted in pits 30 x 30 x 30 cm with a spacing of 

1.25 m either way to accommodate 6400 plants per ha during June to November. 20 kg 

FYM/pit is applied before planting. 

 

• Irrigation 

 

 Irrigation should be given immediately after planting followed by weekly 

irrigation depending upon weather conditions. 

 

• Manuring 

 

 FYM @ 10 kg/pit is applied before planting. NPK @ 60:120:120 g/plant/year is 

applied in 2 equal splits during November (after pruning) and June-July along with 10 

kg FYM per plant. 
 



Micronutrients 

  Foliar spray ofZnSO40.25% + MgSO40.5% + FeSO40.5% (In 

case of expression of micronutrient deficiency, spraying should be 

done at fortnightly intervals until the chlorotic symptoms disappear). 

Pruning 

 The bushes are pruned to 50 cm height from the ground 

level during last week of November. 

 

 



Plant protection 

• Bud worm   Nuvpcron 2m/lit 

• Blossom midge  Monocrotophos (2m/l) 

• Red spider mite  Sulphar 50wp (2g/lit) 

• Nematodes   10g Phorate granules 

• Iron deficiency  5% ferrous sulphate 

• Leaf spot   Manocozeb (2g/lit) 

• Root rot   Copper oxychloride 



• Harvesting 

 March – October 

 30- 40 persons  

 Malligai 8750kg 

 Mullai 10,000 kg flowers per ha/ year 

 Pitchi 11,000kg  
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Cultivation of Mango 

Introduction 

• Mango (Mangifera Indica) is the most ancient among the tropical 

fruits and believed to have originated in the Indo – Burma region. 

• India is the major mango producing country in the world with an 

annual production of 8.50 million tonnes from an area of one million 

hectares.  

• Mango is basically a tropical plant but endures wide range of 

temperature.  

• It grows well under tropical and sub-tropical conditions.  

• It gives profitable yield in semi-arid conditions, especially with 

irrigation. 

 



Climate  

• Mango can be grown under both tropical and sub-tropical climate 

from sea level to 1400 m altitude, provided there is no high 

humidity, rain or frost during the flowering period.  

• Places with good rainfall and dry summer are ideal for mango 

cultivation.  

• It is better to avoid areas with winds and cyclones which may cause 

flower and fruit shedding and breaking of branches.  

Soil  

 Mango comes up on a wide range of soils from alluvial to laterite 

provided they are deep (minimum 6') and well drained. It prefers 

slightly acidic soils (pH 5.5 to 7.5 



Varieties 

• Though there are nearly 1000 varieties of mango in India, only 

following varieties are grown in different states : Alphonso, 

Bangalora, Banganpalli, Bombai, Bombay Green, Dashehari, 

Fazli, Fernandin, Himsagar, Kesar, Kishen Bhog,Langra, 

Mankhurd, Mulgoa, Neelam, Samarbehist, Chausa, 

Suvarnarekha, Vanaraj and Zardalu 



Alphonso 

Bangalora 





• Mallika - It is a cross between Neelam and Dashehari. Fruits are 

medium sized cadmium coloured with good quality, reported to be a 

regular bearer. 

•  Amrapali - It is a cross between Dashehari and Neelam. It is a 

dwarf vigorous type with regular and late bearing variety. It yields 

on an average 16 t/ha and about 1600 plants can be accommodated 

in one hectare.  

• Mangeera : It is a cross between Rumani and Neelam. It is a semi 

vigorous type with a regular bearing habit. Fruits are medium sized 

with light yellow coloured skin, firm and fibreless flesh and sweet to 

taste.  



• Ratna : It is a cross between Neelam and Alphonso. It is a 

regular bearer and free from spongy tissue. Fruits are medium 

sized with excellent quality. Flesh is firm and fibreless, deep 

orange in colour with high TSS (19-21 Brix).  

• Arka Aruna : It is a hybrid between Banganapalli and 

Alphonso with regular bearing habit and dwarf in stature. 

About 400 plants can be accommodated per hectare. Fruits are 

large sized (500- 700 gm) with attractive skin colour. Pulp is 

fibreless, sweet to taste (20-22 Brix). Pulp percentage is 73 

and the fruits are free from spongy tissue.  



• Arka Puneet : It is a regular and prolific bearing hybrid of the 

cross between Alphonso and the Banganapalli. Fruits are 

medium sized (220-250 gm) with attractive skin colour, having 

red blush. Pulp is free from fibre, pulp percentage being 70 

percent. Fruits are sweet to taste (20-22 Brix) with good 

keeping quality and free from spongy tissue. It is a good 

variety for processing also.  

 

 



• Arka Anmol : It is a semi-vigorous plant type from the cross 

between Alphonso and Janardhan Pasand. It is also a regular 

bearing and free from spongy tissues. Fruits ripen to uniform 

yellow colour. Keeping quality of the fruit is very good and it 

is suitable for export. It has got excellent sugar and acid blend 

and fruits weigh on an average about 300 g Pulp is orange in 

colour.  



Propagation 

• Farmers should always get vegetatively propagated, true to 

type plants from recognised nurseries.  

• Inarching, veneer grafting, side grafting and epicotyl grafting 

are the popular methods of propagation in mango.  



veneer grafting 
side grafting 



• Planting : Land should be prepared by deep 

ploughing followed by harrowing and levelling 

with a gentle slope for good drainage.  

• Spacing varies from 10 m x 10 m, in the dry 

zones where growth is less, to 12 m x 12 m, in 

heavy rainfall areas and rich soils where 

abundant vegetative growth occurs.  

 



Planting 



• New dwarf hybrids like Amrapali can be planted at closer spacing. 

Pits are filled with original soil mixed with 20-25 kg well rotten 

FYM, 2.5 kg single super phosphate and 1 kg muriate of potash. 

• One year old healthy, straight growing grafts from reliable sources 

can be planted at the centre of pits along with the ball of the earth 

intact during rainy season in such a way that the roots are not 

expanded and the graft union is above the ground level. Plants 

should be irrigated immediately after planting.  

• In the initial one or two years, it is advisable to provide some shade 

to the young plants and also stake to make them grow straight. 

 



• Training and pruning : About one meter from the base on the 

main trunk should be kept free from branching and the main 

stem can be allowed thereafter spaced at 20-25 cm apart in 

such a way that they grow in different directions. Branches 

which cross over/rub each other may be removed at pencil 

thickness 



Fertiliser Application :  

 In general, 170 gm urea, 110 gm single super phosphate and 

115 gm muriate of potash per plant per year of the age from 

first to tenth year and thereafter 1.7 kg, 1.1 kg, and 1.15 kg 

respectively of these fertilisers per plant per year can be 

applied in two equal split doses (June-July and October). 

Foliar spray of 3% urea is recommended before flowering in 

sandy areas. 



• Irrigation :  

 Young plants are watered frequently for proper estalbishment. 

In case of grown up trees, irrigation at 10 to 15 days interval 

from fruit set to maturity is beneficial for improving yield. 

However, irrigation is not recommended for 2-3 months prior 

to flowering as it is likely to promote vegetative growth at the 

expense of flowering. 



Inter cropping :  

 Inter crops such as vegetables, legumes, short duration and 

dwarf fruit crops like papaya, guava, peach, plum, etc. 

depending on the agro-climatic factors of the region can be 

grown. The water and nutrient requirements of the inter crops 

must be met separately. 



Plant Protection :  

 Mango is prone to damages by a large number of pests, 

diseases and disorders.  

 The recommended control measures for most important and 

common among them are briefed below :  

 Mango hopper : Two sprays (at panicles emergency and at pea 

size of fruits) of carbaryl (0.15%), monocrotophos (0.04%) or 

phosphamidan (0.05).  

  



Mealy bug :  

 Ploughing inter spaces in November and dusting 2% methyl 

parathion @200 g per tree near the trunk and fixing 20 cm 

wide 400 gauge polythene strips around the trunk with grease 

applied on the lower edge in January as prophylactic measures 

and two sprays of monocrotophos (0.04%) at 15 days interval 

as control are needed.  

Powdery mildew :  

 Two to three sprays of wettable sulphur (0.2%) or Kerathane 

(0.1%) at 10-15 days interval. 

 



• Anthracrose :  

 Two sprays of Baristin (0.1%) at fortnight interval. 

Malformation : One spray of 200 ppm NAA in October 

followed by deblossoming at bud burst stage in December - 

January.  

 Fruit drop :  

 Regular irrigation during fruit development, timely and 

effective control of pests and diseases and spraying 20 ppm 

NAA at pea size of fruits 



Harvesting and yield :  

 Graft plants start bearing at the age of 3 - 4 years (10-20 fruits) to give 

optimum crop from 10- 15th year which continues to increase upto the age 

of 40 years under good management.  

 Post Harvest Management : Storage : Shelf life of mangoes being short (2 

to 3 weeks) they are cooled as soon as possible to storage temperatue of 13 

degree Celcius.  

 A few varieties can withstand storage temperature of 10 degree Celcius.  

 Steps involved in post harvest handling include preparation, grading, 

washing, drying, waxing, packing, pre-cooling, palletisation and 

transportation. 



• Packaging :  

 Mangoes are generally packed in corrugated fibre board boxes 

40 cm x 30 cm x 20cm in size.  

 Fruits are packed in single layer 8 to 20 fruits per carton. The 

boxes should have sufficient number of air holes (about 8% of 

the surface area) to allow good ventillation.  

 Financial institutions have also formulated mango financing 

schemes in potential areas for expansion of area under mango. 

 Individual mango development schemes with farm 

infrastructure facilities like well, pumpset, fencing and drip 

irrigation system etc. have also been considered.  
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Cultivation of Rose 

• Rose is a shrub belonging to the genus Rosa, it has spiny stems 

and five – parted fragrant flowers of various colours. Roses are 

native of North temperate regions of the world. They include 

many species, sub –species and thousand of clones. 

• Many varieties being cultivated in gardens today are 

derivatives of Rosa rubiginosa (Wild Sweetbriar) and Rosa 

cannia (Dog rose). 



Climate 

  Moderately cool climate with bright sunshine 

and free ventilation is very good for rose 

cultivation in India. Most rose cultivars grow 

best at a temperature range of 15-270C 

producing good quality and quantity of 

flowers. 

 



Varieties 

• Edward Rose, Andra Red Rose and Button rose are found 

mainly under cultivation. 



Soil 
• Well drained loamy soil of pH 6.0- 7.0 of good organic matter 

is ideal for cultivation of roses. Sandy soil is the best rooting 

medium for roses. 

 



Propagation 

 

Rose is mainly propagated by cuttings and budding. T-

budding is considered the best for propagation of roses. 

Cuttings: Climbers, Ramblers and Polyanthus are raised 

by this method. Matured cuttings of 20cm – 30cm long 

are cut and the leaves are removed. The cuttings then 

are dipped in solution of IBA for promoting root 

growth. These cuttings are used for planting as well as 

for raising rootstocks for budding. 









Budding and Grafting 

 It is the operation in which a bud or a part of tissue of one 

plant is transferred to another plant by various proper 

techniques. The main objective is to enable one to 

utilize the vigorous root system of other for proper 

combination using the best characters of both the 

variety which gives the root system is called as ‘Stock’ 

and the cultivar grafted upon stock is called ‘Scion’. 
 

 











T-budding Process on Rose 

• The first thing to do is to select the suitable rootstock. Several rootstocks are suitable grafting. 

Edward rose is most popular in North India whereas Rosa multiflora in South India. 

The three main steps in budding are: 

• Preparation of the stock 

• Selection of the right bud. 

• Insertion of the bud in to the stock. 

• A healthy stem of pencil thickness is selected for budding and all the other branches and leaves are 

removed. The bud is inserted at about 5-6 cm above the ground level. 

• The next step is to select the bud that is small vegetative swellings at the axils of the leaves from 

which new shoots develop. The bud with a little wood is taken out from the stem in the shape of a 

shield measuring 2.5cm long in length with the help of a sharp knife. The portion of the wood is 

gently removed. A T-shaped cut about 2.5 cm long is made in the stock and the bud is inserted in to 

it. The bud should point upwards. It is then tied to the stock or taped around. The bud union will take 

place in about 3-4 weeks. The budded plant will be ready to transplant after 6 months 

 



Method of Planting 

Method of Planting 

• At the time of planting, it is important to add 4 – 8 kg of well rotted 

cow dung manure or organic manure and a handful of bonemeal in 

each pit. Well rooted cuttings are planted in each pit with roots 

widely spread in the pit. In case of budded plants, bud union should 

be kept above the ground level. The soil around the stem should be 

firmly pressed by feet. Plants are watered immediately after 

planting. Plants are planted with proper spacing depending upon on 

the cultivar used. 

https://www.farmingindia.in/organic-manure/
https://www.farmingindia.in/organic-manure/
https://www.farmingindia.in/organic-manure/


Spacing 

• Proper spacing is important for proper growth of plants avoiding 

competition for space, sunlight and nutrients. Spacing varies with the 

variety used for planting. Cultivars like Queen Elizabeth, Happiness and 

Super giant grow vigorously requiring wider spacing. The end rows in a 

bed should be about 30cm – 40cm away from the border. The planting 

distances are 90cm – 120cm in standards, 3m in climbers and 45cm in 

polyanthus. 

Irrigation 

• Water the plants regularly until the cuttings or plants are well established. 

Irrigate twice in a week later on. 

 

 



Spacing 

Irrigation 



Nutrients 

• Roses are heavy feeders of nutrients. Generally, 4-8 kg of well 

rotted cow dung manure per plant is applied. A little BHC is 

mixed with the organic manure to prevent the attack of the 

white ants. 

• An Organic liquid manure prepared by fermenting gingelly 

(sesamum, neem or mustard) oilcake is applied when flower 

buds have formed and till their opening. This liquid is diluted 

to a pale straw colour. About 5-6 liter of this liquid is applied 

per square meter at 5-7 days interval. 

 



Interculture Operations: 

Pruning:  

 Correct pruning is an essential factor for success in rose growing and 

therefore, it should be done with precision and care. The best time of 

pruning is when rains are completely over and winter is approaching. 

This condition prevails under North Indian Plains from end of September 

to middle of October. 



Pinching:  

 Removal of a part of terminal growing portion of stem is called 

pinching which is practiced in newly budded plants to promote 

axillary branching. 



Disbudding:  

 To keep only the central bud and removal of others bud 

cause development of a quality bloom which is generally 

followed in hybrid tea roses for cut flower purpose. 

 

 

 



Harvesting stage 

 The flowers for decoration and marketing should be cut at the tight bud 

stage when the buds show their colour but the petals have not yet 

started unfurling. 



Rose Plant protection: 
(A) Pests: 

 

• (i) Aphids: These appear in winter 

months on leaves and flower buds. 

 Control: Spraying 0.1% 

Metasystox or Rogor 

 

• (ii) Chafer beetles: The adults of 

these beetles appear in August-

September and cut away the 

leaves. 

• Control: Controlled by spraying 

of 0.1% Sevin. 

 



(B) Rose Flowers Diseases: 

• (i) Die-back (Diplodia roseum): This is 

very serious disease of rose and appears 

after pruning. As the name indicates the 

disease enters from the top and proceeds 

downwards mostly through cut wounds 

or dried flowers/ branches. 

 

 Control: Removal of affected part about 

an inch below in the healthy tissues and 

use of Bavistin paste/spray afterwards 

control the disease. 



• (ii) Black spot: Dark brown to 

blackish circular spots appear on 

leaves. Older leaves on lower 

side are infected first then the 

disease spreads on upper leaves. 

• Control: It can be easily 

controlled by spraying 0.2% 

Captan at fortnightly intervals. 

 



(iii) Powdery mildew (Sphaerotheca 

pannosa var. rosae): It is a serious 

disease in warm, humid and cool 

weather conditions. Flower stalk 

(peduncle) and tender leaves are 

affected first showing whitish powder 

on upper surface of the leaves. 

 Control: It can be checked by 

dusting 80% Sulphur or spraying 

0.2% Karathane fungicide 
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CUTTING DEFINITION 

 

 Separation of a portion from mother plant and planting it 

in a medium suitably so that it may constitute a new 

plant successfully is termed as cutting. 

 



ADVANTAGES  

  It is a simple, cheap and convenient method of propagation of plants.  

  High technical expertise is not required.  

  Rapid multiplication is possible within a short time.  

  Plants produced through cuttings are uniform with not much genetic changes.  

  As the plant grows on its own system, the complex problems of stock scion relations, 

which exist in budded/grafted plants, can be avoided.  

  Because rootstocks are not involved, so there is no problem of graft incompatibility, 

which otherwise is encountered in many stock scion relations.  Transportation of 

cuttings is easier.  

  Larger number of plants can be prepared from few plants.  

  There is no problem of compatibility with root stocks.  Much space is not required. 

 

 



DISADVANTAGES  

  All the plant species do not root very easily.  

  The advantages of the stock cannot be exploited 



PLANT PROPAGATION BY CUTTINGS 

Stem cuttings 

Leaf-bud cutting (single-eye) 

Root cuttings 

Leaf cuttings 

 



STEM CUTTINGS 

 Softwood Cuttings 

 Semi-Hardwood Cutting 

 Hardwood Cuttings 

 Herbaceous Cuttings 

 



SOFTWOOD CUTTINGS 



SHOFTWOOD CUTTINGS - HYDRANGEA 

Butterfly cutting (top) 

Double-eye single node cutting 

(middle) 

Single-eye single node cuttings 

(bottom)  



SEMI-HARDWOOD CUTTINGS - JOJOBA 

Treating cuttings 

in IBA Solution 

(top) 

Sticking IBA-

treated cuttings in 

root substrate 

(bottom) 



STEM CUTTING 

  Next to seed, stem cuttings are the most convenient and 

popular method of plant propagation.  

  Most cuttings fall into this category.  

  A stem cutting is any cutting taken from the main shoot of a 

plant or any side shoot growing from the same plant or stem.  

The facility with which different species can be propagated in 

this way is largely determined by experience.  

  There are, however, a few general considerations, which 

help in selection of suitable cuttings.  

 



  Cuttings are detached from the mother plants and the source 

of food supply is excluded.  

  Therefore it is essential to have sufficient reserve food to 

keep tissues alive until roots and shoots are produced.  

  The shoots with high carbohydrate content usually root 

better.  

  To maintain high carbohydrate content in a shoot, ringing or 

notching stems down to the wood are useful practices.  

 



  As a general rule, cuttings from young plants root 

better, but, if older shoots of the plants are cut back hard, 

very often they can be induced to produce suitable shoots 

for rooting.  

  Broadly, there are four types of stem cuttings, namely 

hardwood, softwood, semi-hardwood and herbaceous 

cuttings used for multiplication of plants as follows: 

 



HARDWOOD CUTTING 

  Cuttings made from past season's growth or wood that has 

become mature and lignified are known as hardwood cuttings.  

  Hardwood cuttings are made from a wide variety of plants 

ranging from conifers to deciduous species and broad-leaved 

evergreens.  

  Where rooting is easy, this is the cheapest and easiest method 

of vegetative propagation.  

  As in the case of semi-hardwood cuttings, the propagating 

material for hardwood cuttings should be taken from healthy, 

vigorous stock plants growing in full sunlight.  
 



  Extremely vigorous or too weak shoots should be discarded.  

  Shoots of moderate size and vigour having ample stored 

carbohydrate is the most desirable form.  

  Hardwood cuttings may be 10 to 30 cm or even more long, and the 

diameter ranges from 1 to 2.5 cm or even more, depending on the 

kind of plants.  

  Usually, one-year-old shoot is preferred, but in some cases two-

year-old wood is used.  

  It is a common practice to give the top cut 1 or 2 cm above a node 

and the basal cut is given slightly below a node.  

 

 



  There are mainly three types of hardwood cuttings - straight, 

mallet and heel cuttings.  

  Straight cutting is the most commonly used type of cutting 

which does not include any older wood at the base.  

  In heel cutting a small piece of older wood is retained, while 

in mallet cutting a small section of the branch of an older wood 

is retained.  

  E.g., grape, fig, quince, mulberry, gooseberry, olive, 

pomegranate, etc . 

 





SEMI-HARDWOOD CUTTING 
  When cuttings are taken from partially mature, slightly 

woody shoots, they are known as semi-hardwood cuttings.  

  Semi-hardwood cuttings are also succulent and tender in 

nature, and are usually made from growing terminal shoots.  

  Shoots that snap clean when broken are considered to be 

ideal for semi-hardwood cuttings.  

  In practice, semi-hardwood cuttings are made 7.5 to 15 cm 

long with several leaves left at the terminal end but removed 

from the basal portion.  

 



  Large terminal leaves are sometimes trimmed to some extent to 

prevent wilting.  

  The basal cut is given just below a node.  

  Best results are obtained when the cuttings are collected during the 

cooler part of the day, preferably in the morning, while the material 

remains turgid. 

  Treating cuttings with auxins before planting is found to be 

beneficial.  

  In addition to relatively cool temperature, shade and high humidity 

are essential for rooting to occur on semi-hardwood cuttings. 

 



  For this purpose, cuttings are usually placed under 

intermittent mist.  

  Bottom heat is sometimes used to provide more desirable 

condition for rooting, especially when the ambient temperature 

is quite low.  

  In the absence of automatically operated intermittent mist, 

the cuttings and adjacent areas are to be sprayed periodically 

with water to keep the cuttings moist and to prevent them from 

wilting.  

  E.g., jackfruit, lemon, etc. 

 







SOFTWOOD CUTTING 

  Cuttings made from soft succulent, non-lignified new 

growth of some woody plants art known as softwood cuttings. 

  As in the case of herbaceous cuttings, terminal portion of 

shoots are used for making cuttings such cuttings are usually 

low in carbohydrate content and, therefore, it is necessary to 

retain some leaves for manufacture of carbohydrates during 

rooting.  

  As with the herbaceous cuttings, softwood cuttings are to be 

handled carefully in order to prevent wilting.  



  Proper choice of shoots for making softwood cuttings is an important 

factor.  

  Very fast growing, soft and tender shoots arc not suitable for making 

softwood cuttings, as they tend to rot before rooting.  

  Similarly thin, slender and slow-growing shoots are also unsuitable.  

  Moderately vigorous shoots growing on healthy plants under full 

sunlight are most suitable for making softwood cuttings.  

  Sometimes lateral shoots perform better than the terminal ones. 

  Heading back of the terminal shoot results in several laterals to grow, 

which are excellent materials for softwood cuttings.  

  Softwood cuttings are usually made 10-15 cm long with terminal 

buds and at least two to three nodes on each cutting. 

 



  The leaves are removed from the bottom node and the basal 

cut is made just below a node.  

  In some cases, where the central shoot is extremely soft and 

leads so wilt, the soft lip may be cut out leaving the cutting 

with two sets of leaves and a third node beneath.  

  The upper leaves which are very large may be trimmed to 

some extent to reduce the transpiration rate.  

  All flower buds are also removed.  

  For most cuttings, treatment with auxin like IBA or NAA is 

beneficial.  



  The cuttings should be made as described, treated with auxin 

and immediately planted in the rooting bed.  

  The best time for taking softwood cuttings varies from plant 

to plant.  

  In general, cuttings from deciduous plants are taken before 

or immediately after new shoots have ceased to grow 

 



STEPS FOR STEM CUTTING: 

 The stem should be cut in slanting manner with sharp 

knife or secateurs. 

 The exposed tissue at the bottom of the stem should be 

applied with rooting hormone. 

 Use seedling trays or poly bags to add rooting medium. 

 Insert the stem inappropriate rooting medium like Sand, 

Soil or cocopeat. 

http://www.ugaoo.com/garden-tools-accessories/pruning-cutting-tools/secateurs.html
http://www.ugaoo.com/buy-pots-planters-online/shop-by-material/seedling-tray.html
http://www.ugaoo.com/buy-pots-planters-online/shop-by-material/seedling-tray.html
http://www.ugaoo.com/buy-pots-planters-online/shop-by-material/seedling-tray.html


 Root forms in the stem cutting at the end which is nearest to root of the 

parent plant and shoot develop at the other end. 

 Stem cuttings are inserted in the medium to a depth of 2.3 to 3 cm after 

removing the bottom leaves. 

 About one-third of the length of cutting is in inserted in the soil in case of 

hardwood cuttings. 

 Stem cuttings are raised in partial shade if these are not planted in monsoon. 

 Once the roots are formed, and new shoots start to grow, the cutting is 

removed from rooting medium and is planted in a polybag or pot or directly 

in the garden. 

 

 



  Cuttings from broad-leaved evergreens are 

usually taken in late summer, and cuttings from 

coniferous evergreens are taken in early winter. 

 E.g., litchi. 

 



HERBACEOUS CUTTING 
  The herbaceous stem cuttings usually consist of the terminal leafy portion 

of stems of herbaceous plants.  

  Such cuttings are usually soft, tender and succulent.  

  Since herbaceous cuttings are easily liable to wilting, much care is to be 

taken with regard to temperature and moisture of the propagation chamber 

to prevent wilting.  

  In general, 7.5 to 12.5 cm long terminal portion of moderately vigorous 

shoots are selected for making cuttings, and the leaves are removed from the 

basal portion of the cuttings.  



  The cuttings should be prepared just before they are placed in the 

rooting medium.  

  Under favourable conditions, herbaceous cuttings root within a 

relatively short time.  

  Although the use of auxins is not essential, they are often used to 

obtain uniform rooting and a heavy root system.  E.g., 

chrysanthemum, dahlia, coleus, carnation, geranium, sweet potato, 

etc. 

 

 





ROOT CUTTING 

  In root cuttings, adventitious shoots are regenerated.  

  Plants which freely produce suckers in nature can easily be 

propagated by root cuttings.  

  The adventive shoots develop mostly at the proximal end of the 

root; in other words, the portion nearest to the crown of the root 

generally forms shoots.  

  Hence, it is essential to maintain correct polarity at planting; the 

proximal end of the root cutting should always be kept above soil 

when vertical planting is done.  



  In some cases, horizontal planting gives good results, but the 

shoots mainly develop at the proximal end.  

  Root cuttings are generally taken in early or late winter or early 

spring when the roots are well supplied with reserve carbohydrates.  

  Root cuttings should not be made when the plants grow 

vigorously, because during that period the roots remain deficient in 

stored food. 

  After the plants are well-formed, these can be transferred in pots 

or in beds in a nursery for further growth.  

  E.g., guava, apple, pear, cherry, persimmon, rhododendron, etc. 

 

 



LEAF CUTTING 

  Certain plants with thick and fleshy leaves can reproduce themselves from 

leaf cuttings.  

  For making leaf cuttings, depending on the species, either the whole leaf blade 

or leaf sections or the leaf petiole is used.  In all cases, adventitious roots and 

an adventitious shoot develop on the leaf cutting.  

  However, in many cases, only the roots develop without forming a shoot, 

which ultimately leads to the death of the cutting.  

  In general, leaf cuttings require environmental conditions (e.g., high 

humidity) similar to that required for herbaceous or softwood cuttings.  
 



  Many ornamental plants are propagated by leaf cuttings.  

  In case of Kalanchoe, well-developed leaves are placed flat on the rooting medium and 

partially covered with the rooting medium.  

  New plants soon arise from foliar embryos in the notches of the leaf margin.  

  In case of Sansevieria, 5 to 10 cm long leaf sections are planted in the propagation 

frames maintaining the polarity. 

  Within a month a new plant develops at the base of the leaf cutting.  

  Well-matured leaves with petioles are used for making leaf cutting of Saintpaulia the 

petiole if inserted in the rooting medium.  

  In Begonia, an incision is made on the large veins of a thick fleshy leaf which is then 

placed flat on the rooting medium, keeping the upper leaf surface exposed. 

 



  Within a few weeks new plants develop at the point 

where the vein been cut.  

  In leaf cutting, root-promoting chemicals are not 

generally used, but they may be helpful in obtaining good 

root system and healthy shoot.  

  E.g., brayophylum, Kalanchoe, Sansevieria , 

Saintpaulia, etc. Leaf cutting of Kalanchoe sp, showing 

the development of new plants from meristems located on 

the margin of the leaf blade 

 



LEAF-BUD CUTTING 

  In general, a leaf-bud cutting consists of a leaf blade, 

petiole and a small piece of stem containing a dormant 

vegetative bud at the leaf axil.  

  The care and handling method of leaf-bud cutting is 

more or less similar to that of ordinary stem cuttings.  

  Well-developed leaves from current season's growth are 

generally used for making leaf-bud cuttings.  

 



  In leaf–bud cuttings, about 1-1.5 cm of stem portion bearing an 

axillary bud is usually retained.  

  The stem portion is often treated with root promoting chemicals 

before placing it cooling medium.  If conditions are optimum, new 

roots will develop soon and the axillary bud will sprout and develop 

quickly to form a new complete plant. 

  Leaf-bud cuttings are of much value where propagating material is 

scarce, because it will produce a new plant from each node.  Such 

cuttings should preferably be made during the growing season. 

 



  Once a bud enters dormancy, it will not sprout till the 

dormancy is broken, and deciduous plants are not suitable for 

making leaf-bud cuttings, because the leaves of deciduous 

plants abscise quickly and can not maintain themselves long 

enough for rooting to occur.  

  E.g., camelia, rhododendron, lemon, black raspberry, 

blackberry, etc. 

 



OTHER TYPES OF CUTTINGS 

 In literature, one would find different names for cutting, primarily 

used to designate from the part or portion of plant these are taken.  

 The different kinds of cuttings are also used by the propagators and 

are described as under.  

 Heel cuttings  

 Basal cuttings  

 Eye cuttings  

 Bud cuttings  

 Internodal and nodal cuttings  

 Irishman's cuttings  

 Piping cuttings 
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GARDENING 

• Gardening is the art of growing plants with the aim of creating a 

beautiful landscape. It improves the scenery of the location. In this 

busy world, a beautiful garden around the houses is the symbol of 

peace of mind and happiness. A garden helps us to maintain clean 

and beautiful surroundings and also gives us a regular exercise. 

• Careful planning is therefore essential for developing and 

maintaining a beautiful garden. The plants can be chosen based on 

climate, soil type, water condition and personal choice of the 

grower. 





• They are two different basic style in gardening. 

Formal styles  

 Informal styles. 

 



Formal Styles Garden 



Formal styles  

• A formal garden is laid out in a symmetrical or geometrical 

pattern. In this garden, the design is stiff as everything is done in 

a straight and narrow way. In such gardens, everything is 

planned in straight lines. 

• Square and rectangular geometric forms are repeated in the 

various hardscaping features of formal gardens. 

• In the plan of formal garden design, the symmetrical balance is 

achieved when the same objects (mirror images) are placed on 

either side of an axis. 

 



• For example: If there is plant on the left hand side of a straight road, 

a similar plant must be planted opposite place on the right-hand side. 

• Arrange flower beds, borders and shrubbery in geometrically 

designed beds. 

• Trimmed formal hedges, edges, cypress, Ashoka trees and topiary 

are typical features of a formal garden. 

• Usually, formal gardens are designed for public parks, university/ 

library gardens, or essential government buildings. 

 



Planning a Formal-Style Garden 

• Accurate planning is 

necessary during both the 

design and execution 

phases. Take into account 

the size and shape of the 

garden, its practical 

purpose, as well as the 

natural features of the land. 

 



 

Preparing the Land 

 

• Elaborate preparation may be 

necessary to make the plot suitable 

for a formal garden. A naturally flat 

terrain is ideal. Minor unevenness 

can be easily leveled with earth 

moving equipment. If there are 

major level differences, plan a 

stepped garden at two levels. 

 



Defining the Perimeter 

 A square or rectangular plot 

can be used as it is, but an 

irregularly shaped area needs to be 

trimmed into a regular shape. Tall 

hedges or high walls can demarcate 

the garden area from the rest of the 

plot. The main gate into the 

property may have to be relocated 

to fall in a straight line from the 

main entrance of the house. This 

forms the main axis of the garden. 



Planning the Layout 

The layout should ideally be plotted on paper with exact measurements 

since it has to be carried to the site for actual execution. For the main 

geometrical shape, choose a circle, square, or rectangle. Stretching strings 

across stakes fixed in the ground can help you plot the straight lines from 

the plan on the ground. Symmetry is an important aspect of any formal 

garden, so the areas falling on either side of the main axis should be 

planned as mirror images. 

If the garden is intended for entertaining guests, plan on incorporating 

large open areas and seating arrangements into your plan. Wrought iron 

garden furniture complements a formal garden quite nicely. 

 





Major Features to Include 

The following features are hallmarks for this style of garden. 

 

Pathways - The main path runs along the main axis and defines 

the bilateral symmetry of the garden. Other smaller pathways can 

branch off from it. They can be graveled or paved, and are 

typically lined with low hedges. 

Focal point - Placed either in the middle or at one end of the 

garden, a water feature, an interesting statue, a modern sculpture, 

or a large tree can serve as a focal point. 



Pathways Focal point 



Water feature - While a water feature isn't completely 

necessary, it's definitely welcome. Consider adding a pool 

with fountains, a canal running right along the main path or even 

a large bird bath. 

 

Vertical interest - Create vertical interest by adding topiaries, 

trees trained as standards or planted in a straight line, and stone 

or concrete pillars with decorative planters or large urns. Just be 

sure to use these features sparingly to avoid clutter. 

 

 

https://feng-shui.lovetoknow.com/Instructions_on_How_to_Build_a_Water_Fountain


Water feature 

Vertical interest 



Greenery - Greenery, typically in the form of clipped hedges, 

topiary and lawns, is the backbone of a formal garden. A well-

manicured look is extremely important. Keep the lawn mowed 

and the hedges trimmed perfectly. Easy-to-shape bushes and 

specimens that have naturally neat shapes are preferred. Using 

low-maintenance xerophytes (plants that can withstand 

droughts) is a new and welcome trend in formal gardens. 



Color - Formal gardens use a limited color palette. Annual and 

perennial beds can be laid out in geometrical shapes in the middle of 

lawns, or they can be incorporated as one-foot-wide beds along the 

hedges. They should be planted close together for a neat look. Use 

only two or three harmonious colors at a time. You may also want to 

include a few trees as accents that offer seasonal color. 

 

 



Plant Suggestions 

The following plants all work wonderfully in a formal garden. 

Hedges and Topiary: Yew, boxwood, rosemary, arborvitae, and 

privet 

Bushes: Thuja, junipers, ficus, brunfelsia, and pencil cypress 

Trees: Crabapple, cherry, dogwood, and fan palms 

Annuals: Marigolds, tulips, salvias, calendulas, begonias, and 

asters 

Perennials: Hydrangea, nepeta, lavender, echinacea, and 

daffodils 

Low-maintenance plants: Yucca, agave, cycads, and date palms 

 

https://garden.lovetoknow.com/wiki/Dogwood_Tree
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What is grafting? 
 

 Grafting is a union of two related plants referred as stock & 

scion.  

 The Stock or a Rootstock is wild, natural, vigorous, healthy, 

disease free, & the one with well-developed rooting system. 

eg. Wild Mango.  

 The Scion is a high-quality, superior variety that possesses 

commercially &/or aesthetically desirable characters. Eg. 

Alphonso mango. 

 



What is grafting? 

 Grafting is a union of scion stems over the stock plant. The graft is 

NOT a hybrid.  

 Characters of stock & Scion are never mixed in flowers & fruits.  

 The exhibited plant characters should always belong to Scion.  

 Union of internal tissues called cambium in both plants is imperative for 

successful grafting; when such union happens the stock and scion grow 

together as a single entity.  

 In an ideal graft, roots & central main stem belong to stock, whereas 

all the growing branches, leaves, flowers & fruits belong to the scion.  

 



Why Graft? 

 Reproduce vegetatively 

 Change variety 

 Add pollinizer 

 Change root system 

 Produce certain plant forms.  

 Repair damaged plants.  

 Create designs.  



History 

 Although budding is considered a modern art and science, grafting is 

not new.  

 The practice of grafting can be traced back 4,000 years to ancient 

China and Mesopotamia.  

 As early as 2,000 years ago, people recognized the incompatibility 

problems that may occur when grafting olives and other fruiting 

trees. 

 



History and Current Status  

 The production of grafted vegetable plants first began in 

Japan and Korea in the late 1920s with watermelon (Citrullus 

lanatus Matsum. et Nakai) grafted onto pumpkin (Cucurbita 

moschata) rootstock (Lee 1994)  

 Soon after, watermelons (Citrullus lanatus) were grafted onto 

bottle gourd (Lagenaria siceraria) rootstocks.  

 Eggplant (Solanum melongena) was grafted onto scarlet 

eggplant (Solanum integrifolium Poir.) in the 1950s.  

 



History and Current Status  

 Later, grafting was introduced to North America from Europe in the late 

20th century and it is now attracting growing interest, both from greenhouse 

growers and organic producers (Kubota et al. 2008) 

 More over, in organic cultivation of vegetables grafting eliminates the use 

of chemicals in disease control.  

 • Because of the above said reasons it is now attracting growing interest, 

both from greenhouse growers and organic producers.  

 • This process is now common in Asia, parts of Europe and the Middle East 

(Davis et al. 2008). “It is an old technology with new techniques” 

 



 
What can we benefit from growing grafted 
vegetables?  
 
 Resistance/tolerance to biotic stress  

 Tolerance to environmental stresses(abiotic tress) 
e.g., low temperature, salinity, drought, flooding  

 Enhanced nutrient and water uptake  

 Improved plant growth  

 Yield increase 

 Rootstock effect on fruit quality 

 



Tools Used 

 Budding Knife / Grafting Knife  

 Fine tooth saw  

 Pruning shears  

 Tying Materials : tape, rubber strips  

 Wax  

 A cleft-grafting chisel or small hatchet/heavy knife 



Tools Used 

Photo 1. (From left) box cutter, 

grafting knife, and budding knife 

Photo 2. Common grafting tools 

that can make numerous cut types 



Tools Used 

Photo 3. Different widths of stretchable film 



Grafting Terms  

 Grafting: Joining two plant pieces to make one plant  

 Scion: Detached shoot from last year’s growth with dormant 

buds, upper graft part.  

 Stock: Basal part of the graft (understock or rootstock)  

 Interstock: Stem pieces added between stock & scion  

 Cambium: This is a single layer of cells between the wood and 

bark. It must be lined up for a good graft union. 



Methods of Grafting  

 Cleft Grafting  

 Tongue Approach/Approach Grafting  

 Hole Insertion/Top Insertion Grafting  

 One Cotyledon/Slant/Splice grafting  

 Tube Grafting  

 Pin Grafting 

 



Simple Graftine 



Cleft Grafting  

 It is a simple and easy method  

 It is suitable for rootstocks with wide hypocotyls 

  Can be practiced in all vegetables 

 It is a grafting method where a wedge shaped cut is made at 

the scion, a cleft is made on the stock and the scion is inserted 

on the stock.  

 Eg: Mango, Sapota, Jack. 



Cleft Grafting  



Tongue Approach/Approach Graft 

 Most widely used by farmers and small nurseries  

 This method requires more space and labor compared to other 

methods but high seedling survival rate can be attained even by 

beginners.  

 Grafted seedlings have a uniform growth rate  

 It is not suitable for rootstocks with hollow hypocotyls 

 A method of grafting in which a root stock from poted plant is 

grafted with the scion from an adult tree in sidewise position.  

 It is very useful in propagation of Mango and Sapota. 



Approach Graft 



Hole Insertion/Top Insertion Grafting 

 This is most popular in cucurbits.  

 It is a grafting where the scion are grafted on the top of large stock. 

 It is also known as top working or crown grafting. 

 When scion and rootstock have hollow hypocotyls, this method is 

preferred (Hang et al., 2005)  

 One person can produce 1,500 or more grafts/day  

 To achieve a high rate of success, relative humidity should be maintained 

at 95%.  

 After healing temperature should maintain at 21-36◦C up to 

transplanting. 



Top Insertion Grafting 



One Cotyledon/Slant/Splice grafting  

 It has recently been adopted by commercial seedling nurseries 

(Sakata et al., 2007). 

 It is applicable to most vegetables.  

 It has been developed for robotic grafting.  

 Grafted plants should be maintained in the dark at 25 ◦C and 

100% humidity for three days for graft union. 

 Grafting in which epicotyl portion of root stock seedling is replaced 

by a young shoot tip .  

 It is used the propagation of fruits such as Mango, Cashew. 



One Cotyledon/Slant/Splice grafting  



Tube Grafting 

 It is similar to slant grafting except that in this 
method root stock & scion joined are held with an 
elastic tube instead of clips.  

 It is more popular in tomato, brinjal. 



Tube Grafting 



Pin Grafting 

 It is also same as the slant grafting  

 In this instead of grafting clips, to hold the grafted position, 

specially designed pins are used  

 The ceramic pin is nearly about 15mm long and 0.5mm in 

diagonal width of the hexagonal cross- section  

 Design pin are used to hold the graft union, i.e.; ceramic pin 





Side Graft Technique 



Bridge Grafting 



Bud Grafting 









Advantages of grafting: 

 Grafting is the fastest way of growing popular, desirable varieties 

of fruiting trees & flowering shrubs on a large scale.  

 Many commercially valuable plants are difficult to grow by other 

propagation methods like cutting & layering, but they respond well 

to grafting. 

 Scions are highly precious varieties, but the usually have poor 

rooting system, less vigor & weak defence against pathogens. All 

these flaws can be overcome by grafting them on the stock, which is 

usually a hardy, wild relative of a scion. 



Advantages of grafting: 

 Grafting is a way of cloning a scion variety to maintain the 

consistency of characters such as size, color, flavours, etc. 

 With gardener’s curiosity, multiple varieties of different scions 

can be grafted on single stock plant; trees can be given 

ornamental shapes, etc 

 

 



Reasons for Graft Failure 

 Sometimes, in spite of our best efforts, the grafts do not take. 

Below are some possible reasons for graft failure: 

 The stock and scion were not compatible. 

 The cambium layers did not meet properly. 

 The scions were upside-down. 

 The understock or scion was not healthy. 



Reasons for Graft Failure 

 The scions were dried out or injured by cold weather. 

 The scions were not dormant. 

 The graft was not properly covered with grafting wax/tape. 

 The scion was displaced by storms, birds, or other means 

 

 







• What is grafting? 

• Grafting is a union of two related plants 
referred as stock & scion. The Stock or a 
Rootstock is wild, natural, vigorous, healthy, 
disease free, & the one with well-developed 
rooting system. eg. Wild Mango. The Scion is a 
high-quality, superior variety that possesses 
commercially &/or aesthetically desirable 
characters. Eg. Alphonso mango. 

 



• Types of grafting: 

• Depending on size & position of scion stem & the 
type of cut is made on stock & scion; there are 
different types of grafting viz. 

• Approach grafting: Allamanda sp. 

• Side grafting: Roses. 

• Splice grafting: Some cacti 

• Saddle grafting: Rhododendron & Lilac. 

• Flat grafting: All cacti 

• Cleft grafting: Fruiting trees. 

 



• Advantages of grafting: 

• Grafting is the fastest way of growing popular, desirable varieties of 
fruiting trees & flowering shrubs on a large scale. Buy fruiting tree seeds 
online. 

• Many commercially valuable plants are difficult to grow by other 
propagation methods like cutting & layering, but they respond well to 
grafting. 

• Scions are highly precious varieties, but the usually have poor rooting 
system, less vigor & weak defence against pathogens. All these flaws can 
be overcome by grafting them on the stock, which is usually a hardy, wild 
relative of a scion. 

• Grafting is a way of cloning a scion variety to maintain the consistency of 
characters such as size, color, flavours, etc. 

• With gardener’s curiosity, multiple varieties of different scions can be 
grafted on single stock plant; trees can be given ornamental shapes, etc. 

 

http://www.ugaoo.com/seeds/fruit-seeds.html
http://www.ugaoo.com/seeds/fruit-seeds.html


• Examples of Grafting plants: 

• Fruiting trees: Mango, Guava, Chikoo 

varieties. 

• Flowering shrubs: Hibiscus, Roses, 

Bougainvillea varieties. Buy flowering plants 

online in India. 

 

http://www.ugaoo.com/live-plants/flowering-plants.html
http://www.ugaoo.com/live-plants/flowering-plants.html
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• A collection of dried and pressed plant arranged according to a 

classification system and available for study or reference is known as 

herbarium ( plural herbaria).  

• A name first applied by linnaeus -These specimens may be whole plants or 

plant parts and these will usually be in a dried form, mounted on a sheet. 

• It is based on a scientific collection, in continuous expansion of plant 

specimens which are carefully dried, labelled and conveniently treated for 

its permanent preservation.  

• Its research work focuses on the collection of plant specimens which are 

catalogued and stored according to an orderly and systematic botanical 

classification.  

• They are also dried, preserved, identified, labelled and computerized. 

 

 



How to make a Herbarium?  

• 1) Collecting the plants  

• 2) Pressing and Drying  

• 3) Mounting 

 



Collecting the plants 

• Choose good representatives of the plants species  

• Be careful that these plants must include root, stem, flower and 

fruit  

• Take notes and record by taking photos in the field at the time of 

collection,  

• Note these factors below: “Date, collection number, location, 

habitat, habit, special characteristics”  



• Collect specimens in dry conditions, 

a good time being mid-morning, after 

the dew has dried but before the heat 

of the day causes plants to wilt.  

• If specimens are at all wet or you 

need to wash soil off the roots then 

dry them carefully before pressing.  

• Use a pencil for these notes rather 

than a pen because any damp/wetness 

can cause ink to smudge and be 

unreadable 

 



Materials for plant collecting:  

• Plant press  

• Plastic bags or nylon bag  

• Garden secateurs & trowel  

• Small note book & pencil  

• Jeweller’s tags (optional)  

• Camera (optional)  

• GPS & altimeter (optional) 

 





PRESSING AND DRYING 

• Plants must be clean before pressing 

• They must also be put in a plastic bag or nylon bag, if it is hot they 

must be watered to be fresh 

• Place your plant between folded-out sheets of newspaper, although 

flimsy or greaseproof paper is preferable for delicate material 

• Arrange the plant carefully, trying to avoid overlapping. 

• When you have finished arranging the specimens within the 

newspaper sheets (or whatever combination of papers you have 

chosen), you then need to intersperse them between corrugated card 

sheets to aid ventilation.  



• Finally place everything in your press and tighten well. 

• For the first two to four days you will need to check daily and 

change the blotting paper and/or other surrounding papers, and 

retighten the press, but as the plants dry these checks can 

become less frequent.  

• Warmth may be used to improve the drying rate, An oven set 

at 50°C may be used but the heat must be no higher, otherwise 

the specimen will become very brittle and damaged. 

 

 

 



Materials for pressing  

• Plant press  

• Newspaper  

• Greaseproof or flimsy paper for delicate 

structures  

• Blotting paper  

• Corrugated card 

 





MOUNTING  

• Cartridge paper for mounting your specimens should 

preferably be A3 size and acid-free; the weight should be a 

minimum 180g/m2, and ideally with a rough textured surface  

• Using only one side of your thick A3 cartridge paper, arrange 

your specimens carefully, making sure that they represent the 

way the plant grows naturally 

 



Example Herbarium Label  

• Scientific name: Acalypha indica L. (family: Euphorbiaceae, )  

• Vernacular name(s): Kuppaimeni  

• Collector’s name and specimen number: Vel 1 

• Date of collection: 7th Sep 2020  

• Locality: AGAC, Karaikudi  

• Habitat: Hot, low to medium altitude, sandy margins of rivers, seasonal water courses 

and pans, usually in shade of thickets, also on rocky hillsides and rocky outcrops, often 

in disturbed ground and as a weed of cultivation, 125 - 1000 metres 

• Habit: Small annual herbs, erect, at times diffuse, 30-120 cm high.  

• Characteristics: Stem : Simple or branched, deep-green, hirsute, angular, hairy and 

deeply grooved in younger parts, more or less terete, glabrous and faintly straite in older.  

 



MOUNTING AND STITCHING  

• The standard size of a herbarium sheet is 29 x42 cm. They are 

usually made of durable card sheets.  

• The dried specimens are glued on herbarium sheets and the 

stem/branches can be stitched/glued with cellophane tapes.  

• It is advisable to mount one specimen on each herbarium sheet.  

• Dissected & loose parts, such as flowers, fruits & seeds, are kept 

in paper packets & pasted to the mounted sheet. 

 



LABELLING 

• Name of organization with which specimen plant originated.  

•  Name of the family  

•  Botanical name of the plant  

•  Local name  

•  Locality of collection  

•  Date of collection  

•  Habitat of the plant  

•  Field notes & collection no.  

•  Name of collector 

 





FILLING AND STORING  

• Plant specimens, which have been properly mounted & identified, 

are filled systematically in special wooden/steel cabinets.  

• The herbarium sheets loaded with specimens are filed inside folders 

which are of various colour schemes indicating species, genus, 

family, geographical area, etc.  

• Plants are arranged & stored following Bentham & Hooker’s / 

Engler & Prantl’s system of classification.  

• A periodical fumigation with chemicals & repoisoning them by 

brushing with solution of HgCl2 & using insect repellents would 

save the herbarium from damage & check the loss of valuable 

plants. 

 





ROLE OF HERBARIUM  

• To act as a repository of dried plant specimens, safeguard them 

against loss & destruction by fungi, insects, etc. & make them 

available for study.  

• Several herbaria of repute, keep Type Specimens-the principal 

proof of the existence of a species, in safe custody, often in 

rooms with restricted access.  

• As original documents upon which knowledge of taxonomic 

characters rests, herbarium specimens greatly help in 

developing floras, manuals & monographs.  



• Those engaged in taxonomic studies, can personally identify their 

engaged collection by comparison with already identified herbarium 

specimens.  

• Voucher specimens preserved in various herbaria, provide an index 

of specimens on which studies on chromosomes, phytochemistry, 

ultrastructure micro-morphology, etc. have been undertaken.  

• Most herbaria have specimens collected from different parts of the 

world &, thus their scrutiny can provide information on the 

geographical distribution of taxa. 
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What is Horticulture ? 

• The word horticulture comes from two Latin words  

  “hortus meaning garden and  

  “culture meaning cultivation”,  

     which means garden culture.  

 



Horticulture Definition 

• Horticulture is a branch of agriculture that deals with certain 

features involving utilization of fruits, vegetables, flowers 

and other plants. 

• Horticulture is the art, science and practice of growing and 

maintaining plants in different types of environment. 

• It involves the propagation, cultivation and processing of 

fruits, vegetables, herbs, spices, ornamental plants and flowers. 

 



Introduction to Horticulture 

• Horticulture is the science of growing flowers , fruits, vegetables and 

ornamental plants especially in gardens and orchards. 

• Morden horticulture is defined as the science of production, processing 

and merchandising of fruits, vegetables, flowers, ornamentals, 

medicinal and aromatic plants. 

• Horticulture differs from agriculture and forestry in specializing the 

cultivation of garden crops. The garden crops include fruits, vegetables, 

flowers, ornamental tree, plantation crops, spices, medicinal and 

aromatic plants. 



Special Features of Horticulture 
• Horticultural produces are mostly utilized in the fresh state and are highly 

perishable. 

• Horticultural crops need intensive cultivation requiring a large input of 

capital, labour and technology per unit area. 

• Cultural operations like propagation, training, pruning and harvesting are 

skilled and specific to horticultural crops. 

• Horticultural produce are rich source of vitamins and minerals and 

alkaloids. 

• Aesthetic gratification is an exclusive phenomenon to horticultural science. 

 



Classification of horticultural crops 

• Pomology (Fruits) 

• Olericulture (Vegetables) 

• Floriculture (Flowers) 

• Gardening 

• Arboriculture 

• Spices 

• Plantation Crops 

• Medicinal and Aromatic Plants 

• Nurseries 



Pomology 
 

 

 

Pomology (from Latin pomum , “fruit,” + -logy ) is a branch of botany 

that studies fruit and its cultivation. 

 

 Pomology is the cultivation of fruit crops. It deals with propagation, 

improvement, cultivation, training, pruning and protection of fruit crops and 

harvesting, storage and marketing of the fruits. Pomology is concerned with 

the cultivation of major fruits and many under – exploited fruits. 

 



The major fruits are widely grown as importance crops in many 

parts of the world. They include- 

Mango, Banana, Sweet oranges, Mandarins,  

Lemons, Pummelo, Grapefruit, Coconut,  

Guava, Apple, Pear,  Peach Cranberry, Olive,  

Plum, Prune, Pineapple, Pomegranate,  

Dates, sweet cherry, Sour cherry,  

Apricot, Strawberry,  Raspherry, Grapes. 



Some fruit crops are cultivated only in small areas of the country. 

Hence they are known as under-exploited fruits. The following 

are under – exploited fruits grown in certain parts of India: 

Annona squamosa (Sita palam) 

Annona cherimola (Rama sita) 

Achras zapota (Sapota) 

Artocarpus heterophyllus (Jack fruit) 

Carica papaya (Papaya tree) 

Citrullus lanatus (Watermelon) 

Zizyphus mauitiana (Ilanthai) 



Classification of fruits based on 

climate adaptability 

Temperate fruits 

Tropical fruits 

Sub-tropical fruits 



Temperate fruits 

Temperate fruit plants are exacting in their climate requirement. 

They are grown only in place where winter is distinctly cold, 

require as exposure of specific chilling temperature for certain 

period without which they do not flower. 

These fruit plants are generally deciduous and stand frost. E.g. 

apple, almond, peach, pear, plum, strawberry, apricot, persimmon, 

cherimoya, pecan nut, walnut, hassle nut, cherry, pistachios and 

kiwifruits etc. 

 



Tropical fruits 

Tropical fruit plants are generally evergreen and are extremely 

sensitive to cold. 

The plants are generally grown in climatic conditions prevailing in 

the region between the tropic of cancer (230 (27) N latitude) and the 

tropic of Capricorn (230 (27) S latitude). 

They do well under lesser fluctuations of diurnal temperature, light 

and dark periods they require a moist warm climate but are capable 

of withstanding dry weather in some cases e.g; mango, banana, 

papaya, sapota, etc., 

 



Sub-tropical fruits 

The fruit crops grown under a climatic condition between temperate 

and the tropical are known as subtropical fruit crops. 

They may be either deciduous or evergreen and are usually able to 

withstand a low temperature but not the frost. 

They are also quite adoptive to fluctuations of light and dark period 

during day and night. Some subtropical fruit plants require chilling 

for flower bud differentiation. Example; grape, citrus, durian, 

jackfruit, etc., 

 



Scope and importance of fruit crops 

Fruit growing is one of the important and age old practices, practiced 

in India since ancient times. Cultivation of fruit crops plays an 

important role in overall status of the mankind and the nation. The 

standard of living of the people of a country is depending upon the 

production and per capita consumption of fruits. Fruit growing have 

more economic advantages. 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=97376


Economic importance 

High productivity:  

High yield per unit area: From a unit area of land more yield is realized from 

fruit crops than any of the agronomic crops. The average yields of Papaya, 

Banana and Grapes are 10 to 15 times than that of agronomic crops. 

High net profit:  

Through, the initial cost of establishment of an orchard is high, it is 

compensated by higher net profit due to higher productivity or high value of 

produce. 

Eg- Wheat/GN/Ragi- 3.0 -4.0 tonnes/ha-25-35,000-00, 

Grapes/Mango/Banana-20-40t/ha-1.5-2.5 lakh/ha. 

 



Source of raw material for agro based industries: Fruit farming 

provides raw materials for various agro based industries- canning and 

preservation (fresh fruits), coir industries (coconut husk), 

pharmaceutical industry (Aonla, Papaya, Jamun) Transporting and 

packaging industries etc. 

Efficient utilization of resources: Growing of fruits being perennial in 

nature, enables grower to remain engaged throughout the year in farm 

operations and to utilize fully the resources & assets like machinery, 

labour, land water for production purpose throughout the year 

compared to agronomic crops. 

 



Utilization of waste and barren lands for production:  

Although, most of the fruits crops require perennial irrigation and good soil 

for production, there are many fruit crops of hardy in nature, Mango, Ber, 

Cashew, Custard apple, Aonla, Phalsa, Jamun etc. which are grown on poor 

shallow, undulated soils considered unsuitable for growing grain/ 

agronomical crops. 

 

Foreign exchange:  

Many fresh fruits, processed products and spices are exported to several 

countries earning good amount of foreign exchange. 

 



Nutritional importance 

Importance of fruits in human diet is well recognized. Man cannot live 

on cereals alone. 

Fruits and vegetables are essential for balanced diet and good health. 

Nutritionist advocates 60-85g of fruits and 360 gm. 

Vegetables per capita per day in addition to cereals, pulses, egg etc. 

Fruits and vegetables are good sources of vitamins and minerals without 

which human body cannot maintain proper health and develop resistance 

to disease they also contain pectin, cellulose, fats, proteins etc. 



Climate 

It is a sub-tropical fruit, high Relative Humidity is desirable, while hot 

winds are not favourable for this plant. 

However, the rain fall during flowering reduces fruit set. Successfully 

grown up to an elevation of 1000m from Mean Sea Level. 

The maximum temperature during the flowering period varies from 210C 

to 380C. 

Soil 

It can be grown on a wide range of soils i.e, acidic to alkaline soils. 

Acidic soils produce good quality fruits. 

The pH range is 5.5-7.0 with adequate soil depth. 
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 Informal Gardens are probably the most common garden style. 

An informal garden is less restrictive than say formal gardens 

in their design symmetry. Informal gardening can set you free 

of restrictions such as having any detailed horticultural or 

design knowledge 

 





 Informal gardens are characterized by following curves, non-

symmetrical arrangements of features and spaces and plants that are 

allowed to grow into their natural shapes. 

 In the informal garden, the underlying framework is almost entirely 

disguised by planting, and the garden should look as though it has 

grown up naturally. 

 Informal gardens are harder to design than formal ones, as they are 

ruled by irregularity and natural looking planting. 

 A site that is not geometric shape can be a sound basis for an 

informal garden. 

 

 



 Some hardscaping structure needs to exist, or everything will 

relapse into an untrammelled wilderness. 

 Diagonal or curved path work well, and boundaries between 

the various areas of your garden are often formed using native 

mixed hedging. 

 In general, planting in informal gardens includes tall shrubs 

and taller trees to add to the vertical dimension, and these will 

often hide the edges of the plot to create a feeling. 

 The garden should revel in colour and should look as natural 

as possible. If you would like to introduce water, natural-

looking ponds, pools are ideal features. 

 



Eg. Japanese & British Gardens  

SPECIAL TYPE OF GARDENS 

 Roof garden 

 Vertical garden 

 Water garden 

 Marsh or Bog garden 

 Terrariums 

 



Japanese gardens type is ‘’Nature in Miniature’’ which enables 

them to meditate, be in harmony with nature. 

These gardens were planned with so much care though they 

appear so casual. 

Remains beautiful in winter 

 



• Pond  

• Streams  

• Waterfalls  

• Fountains  

• Wells  

• Islands  

• Bridges  

• Stones  

• Stone Lanterns  

• Pagoda, Fences& Gate 





  They are nature recreated in miniature.  

  They aid a person to meditate peacefully.  

  The colourful leaves or flowers which distract the eyes 

are avoided.  

  Totally informal in design. 

 



 Hill Gardens 

 Japanese Tea Gardens  

 Flat Gardens 

 





 English gardens are most beautiful gardens among all 

European gardens. 

 UK enjoys the typical grassland climate with well distributed 

rainfall. 

 This favours for the growth of herbaceous perennials. 

  Gardening is a high cost technology and British were rich 

enough to afford luxury. 

 Britishers are very fond of flowers. 

 

















• Hindu type of garden  

• Ashokavanam  

• Nandanavanam  

• Tapovanam  

• Brindavanam  

• Raajavanam 

 



 The designer can use his imagination to create a wide range of 

designs 

 Existing place need not be altered drastically since symmetry 

is not essential 

 Available plant or decorative material can be used. 

 The garden can be mixed and matched with other styles like 

the Japanese and Zen styles. 



 Visitors need more time to appreciate the concept of the 

designer. 

 A sense of continuity in the garden needs to be created. 

 



Kitchen garden 
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Kitchen garden 

• Kitchen garden is the growing of fruits and   vegetables at the 

backyard of house by using kitchen waste water. 

• Otherwise called as Home garden or Nutrition garden or 

Kitchen gardening or Vegetable gardening 





Advantages of Kitchen garden : 

•  Supply fresh fruits and vegetables high in nutritive value. 

•  Supply fruits and vegetables free from toxic chemicals. 

•  Help to save expenditure on purchase of vegetables. 

• Vegetables harvested from home garden taste better than those 

purchased from market. 

• Effective utilization of kitchen waste water and kitchen waste 

materials. 

•  Exercise to the body and mind. 

 



Site selection : 

•  Backyard of house 

•  Preferably open areas with plenty of sunlight near 

the water source 

Size and shape of vegetable garden depends on 

• Availability of land 

• Number of persons in family  

• Spare time available for its care 

 



Layout of Kitchen garden 

• Fence – Barbed wire fence or live fence with agathi 

• Perennial crops (Mango, Sapota, Acid lime, Amla, Morniga) should be 

planted at the peripheral areas of kitchen garden (avoid shading) 

• One or two compost pits may be provided on one corner 

• Fences on all sides should be trained with Cucurbitaceous vegetables 

(Bottle gourd, Bitter gourd and Snake gourd) 

• Some vegetables are direct sown – (Amaranthus, Bottle gourd, Bitter gourd 

and Snake gourd) 

• Some vegetables are nursery transplanted (Tomato, Brinjal, Chillies, 

Onion) 

• Divide the area into equal sized plots for raising annual vegetable crops 



• As intensive and continuous cropping is done in a kitchen garden. 

• Fertility and texture of soil may be maintained by applying adequate quantities 

of organic manures frequently. 

• Ridges and furrows are formed in each plots. 

• Season of planting: June – July, September – October 

• Bee-hive may be provided for ensuring adequate pollination of crops besides 

obtaining honey. 

•  However, in order to harvest good crop, chemical fertilizers are also essential. 

•  Pick and destroy the larvae found on fruits and vegetables and then spray 

Neem oil @ 4 ml/liter of water or Neem Seed Kernel Extract @ 3 %. 

•  Avoid spraying of toxic chemicals. 

 

 





• Method of planting : 
 
Spacing for crops 
 

• Tomato, Brinjal and Chillies :60 x 60 cm 

• Cow pea :60 x 45 cm 

• Bitter gourd :2 x 2 meter 

• Onion :15 x 10 cm 

• Tapioca :60 x 60 cm 

• Yam:60 x 60 cm 

Initially irrigate the plots and transplant the seedling at the 
required spacing and irrigate on the third day of planting. 
Direct planting dibble 2-3 seeds/hill and irrigate sufficiently 
and also irrigate on the third day of sowing after germination 
thin 2 seedling. 

 



Maintenance of Kitchen garden 

• Grow the plants on the fence by training 

•  Dump all the kitchen waste in the manure pits and maintain in wet 

condition 

Irrigation: 

 

            As and when necessary 

Manures and Fertilizers: 

 

            Apply the decomposed kitchen waste to all the crops 

            Complex fertilizers @ 5 gram/plant at 30, 60 and 90 day of planting 

Weeding: 

 

             As and when necessary 

Harvest: 

 

            When there is a colour change from green to yellow or orange 

 



Plat Protection 

• Pick and destroy the larvae found on fruits and vegetables 

and then spray 

• Avoid spraying of toxic chemicals. 

Organic method of plant protection 

• Neem oil 

• Neem seed kernel extract 

• Panchakavya 

 



Implements used in kitchen garden 

• Spade 

• Pick Axe 

• Hoe 

• Hand sprayer 

• Rode can 

• Secature 

 







Lawn Maintenance 

• A lawn is an area where grass is grown as a green carpet for a 

landscape and is the basic feature of any garden.  

• In general lawn should be wide open with access to direct 

sunshine, especially in front of a rockery and a water pool. 

• Lawn is a ground cover of perennial grass, which persists in 

close mowing and requires proper management practices  



History of Lawn 

Egypt, China and Persia have features of prototypes of lawn since 13th 

century.   

Europe further helped in improvement of lawn.  Carpet grass was 

mixed with flowering plants. 

Chamomile grass (Anthemis sp.) used in lawn during 11th to13th 

century in U.K.   

Turf management is in use in France and England since 17th century.   

J.B. Olcoth designed first experiment in lawn grasses at Monchester in 

USA in the 19th century. 

Festuca and Agrostis species were used to make turf (lawn) during 

1880-1890 in U.K. 



Purposes of a lawn 

• It is an important element in the garden.   

• It leads to unity in garden design.   

• It is a natural green carpet and is the carpeted floor of outdoor room.  

• It is the heart of the garden and the centre for social life.   

• It is the centre piece around which all other garden elements are placed 

in sub-ordinate order like the royal court, where king occupies the 

central position and is surrounded by his courtiers.  



• It gives restful appearance to the eyes through its green 

outlook all the time.   

• A lush green lawn is refreshing especially during summer.   

• Lawn is the best foreground to enjoy the charm and 

beauty of the ornamental plants and features.   

• Prevent soil erosion. 

 



Characteristics of a lawn grass 

• Look fresh and green throughout the year   

• Not patchy   

• Cold or drought resistant   

• Free from attack of diseases and insects   

• Quick growing   

• Soft to touch   

• Not giving fowl or bad odour. 



Lawn making steps 

• 1. Selection of site 

• 2. Preparation of soil 

• 3. Raising of grass 

• 4. Mowing 

• 5. watering  

• 6. Weeding  

• 7. Top dressing 

• 8. Tree planting 

 



Site for Planting Lawn 

• South, south-east or south-west open and 

sunny place for most part of the day with 

adequate water availability 



Method of preparing soil for growing lawn 

• Dig soil up to 45 cm depth and expose to sun in May - June.   

• Turn soil 2-3 times, remove stones, rocks and break big clods.   

• Spread 10-15 cm thick layer of well rotten weed free farm yard 

manure and thoroughly mix in soil. 

 

• Irrigate the field thoroughly and allow all weeds to germinate.   

• Remove all the weeds along with roots manually or spray non-

selective type of herbicide like paraquat or gramaxone @ 1.0-

1.5 litre per hectare in about 800- 1000 litre water. 



Ideal soil/ growing medium 

• Sandy-loam, well fertile, drained with good 

water holding capacity having pH of 5-6 and 

sufficient humus or organic matter. 



Leveling and grading of ground 

• Level the soil for uniformity of growth throughout the entire 

area  Do perfect grading for proper drainage i.e. one foot in 

every 50 feet  Leveling is checked visually, flooding the area, 

stretching the rope and avenae level 



Methods of lawn raising 

• Seeding 

• Dibbling   

• Plastering   

• Sprinkling   

• Turfing   

• Artificial lawn making 



Seeding method 

• This method is common to grow cool season lawn grasses.  

About 25 Kg seed is mixed in 200-250 Kg sand or saw dust 

and is broadcasted evenly in the prepared field.   

• Do light rolling  Sprinkle water regularly until seedling 

emerges.  Less labour is required, but lawn is not even. 



Dibbling method 

• A small bunch of grass along with roots and little stem is 

taken.  Planting is done at a spacing of 10 cm apart both row to 

row and plant to plant.  Do regular watering until 

establishment.  Dibbling is done in June to September.  Lawn 

developed by this method is quick, uniform and with more 

labour and cost. 



Plastering method 

• Grass roots with little stem of 4-5 cm long pieces are mixed 

with compost and farm yard manure.  Spread this over 

prepared field during rainy season.  Avoid heavy balling.  Do 

liberal watering with sprayer 



Sprinkling method 

• Grass roots along with little stem are chopped into small 

pieces.  Spread this over prepared field during rainy season.  

Do small raking to mix grass in soil.  Do light rolling.  Do 

liberal watering with sprayer.  Do mowing after 70-80 days 



Turfing method 

• Small pieces of well prepared lawn or turf are cut into square 

or rectangular shape preferably planted on polythene sheet.  

Fix these in a thoroughly prepared field.  Do heavy rolling.  

Lawn prepared is clean and weed free.  Quickest method of 

lawn raising. 



Artificial lawn 

• Wheat or barley is sown by broadcasting in the well prepared 

field.  When the seedlings are about10 cm height, do light 

mowing.  Greenery for short duration can be achieved by 

sprinkling pine needles in any area. 



What is mowing 

• It is the cutting of lawn grass for maintaining its attractiveness 

for maximum utility. 

Tractor driven lawn mower 



How lawn mowing is affected? 

• Mowing stimulates bud development.  Shoots become thicker and 

roots shorter.   

• Generally lawn height is maintained at 5-7 cm, as very close 

mowing results in weak growth and mowing at more height may not 

serve the purpose.   

• In one mowing not more than 1/3rd leaves are removed.   

• Remove stones or pebbles before mowing, so as to avoid any 

damage to shears of lawn mower.   

• In most of the grasses mowing is done at fortnightly interval. 



Manures and fertilizers 

• Sun hemp is very good green manure before lawn planting.  

• In a 30 m 2 lawn apply 3-5 q well rotten FYM, 10-20 kg lime 

and 10 -20 kg SSP.   

• Broadcast a mixture of 50-60g /m 2 or 1.5 Kg/ 30 m 2 (2 

CAN: 1 SSP: 1 K 2 SO 4) twice in February-March and 

August-September.   

• Spray of urea 0.3 per cent is also beneficial. 



Irrigation 

• Frequency and amount of irrigation depends upon soil, grass, 

weather and climate.   

• It should be done before wilting or internal water stress.  Increased 

watering interval result in deeper root development, thereby 

decreasing water requirement.   

• Watering upto 5 Watering upto 5-15 cm depth at 8 15 cm depth at 8-

10 days interval is ideal 10 days interval is ideal as frequent light 

watering is harmful 



Weeding 

• Regular mowing checks weed growth by removing upper plant 

portion and starving of roots.   

• For small area hand weeding is done.   

• For controlling broad leaved weeds spray 2,4-D (0.05%).   

• For narrow leaved weeds spray Atrazine @ 1.5 Kg a.i. per 

hectare in 1000 litre water.   

• In lawn of Korean grass spray benefin or sylvex (0.1%). 



Important diseases   

 

• Damping off, root rot, grey leaf mould, leaf spot, powdery 

mildew and fairy ring are important diseases of lawn.   

• Spray Bordeaux mixture (4 : 4 : 50 :: Copper sulphate : lime : 

water) at fortnightly interval.   

• Spray Dithane M. 45 (0.1%) + Bavistin (0.1%) at fortnightly 

interval. 



Renovation of old or wild or weedy 

lawn 

• Use notable herbicide to kill all weeds.   

• Scrap lawn in rainy season.   

• Do raking followed by leveling.   

• Do testing of soil and add nutrients and lime as per requirement.   

• Plant reliable grass.   

• Apply proper manures and fertilizers.   

• Broadcast sand, manures as per requirement.   

• Maintain optimum moisture. 





















Plant Propagation by Layering 



Introduction 

• Stems that are still attached to their parent plant may form roots 

where they come in contact with a rooting medium. 

• This method of vegetative propagation is generally successful, 

because water stress is minimized and carbohydrate and mineral 

nutrient levels are high.  

• The development of roots on a stem while the stem is still 

attached to the parent plant is called layering.  



• A layer is the rooted stem following detachment (removal) 

from the parent plant. 

• Some plants propagate naturally by layering, but sometimes 

plant propagators assist the process.  

• Layering is enhanced by wounding the stem where the roots 

are to form. The rooting medium should always provide 

aeration and a constant supply of moisture. 

 

 



• Simple Layering 

• Tip Layering 

• Compound (serpentine) Layering 

•  

Mound (stool) Layering 

• Air Layering 

• Natural Forms of Layering 

 



• Simple layering can be accomplished by bending a low growing, 
flexible stem to the ground. Cover part of it with soil, leaving the 
remaining 6 to 12 inches above the soil. Bend the tip into a vertical 
position and stake in place (Figure 1). The sharp bend will often 
induce rooting, but wounding the lower side of the bent branch 
may help also. Simple layering can be done on most plants with 
low-growing branches. Examples of plants propagated by simple 
layering include climbing roses, forsythia, rhododendron, 
honeysuckle, boxwood, azalea, and wax myrtle. 

• Simple layering can be done in early spring using a dormant branch, 
or in late summer using a mature branch. Periodically check for 
adequate moisture and for the formation of roots. It may take one 
or more seasons before the layer is ready to be removed for 
transplanting. 

 

https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener




• Tip layering is quite similar to simple layering. 
Dig a hole 3 to 4 inches deep. Insert the tip of 
a current season’s shoot and cover it with soil. 
The tip grows downward first, then bends 
sharply and grows upward. Roots form at the 
bend. The re-curved tip becomes a new plant 
(Figure 2). Remove the tip layer and plant it in 
late fall or early spring. Examples of plants 
propagated by tip layering include purple and 

black raspberries, and trailing blackberries. 

https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener




• Compound (serpentine) Layering 

• Skip to Compound (serpentine) Layering 

• Compound (serpentine) layering is similar to simple 
layering, but several layers can result from a single 
stem. Bend the stem to the rooting medium as for 
simple layering, but alternately cover and expose 
sections of the stem. Each section should have at least 
one bud exposed and one bud covered with soil. 
Wound the lower side of each stem section to be 
covered (Figure 3). This method works well for plants 
producing vine-like growth such as heart-leaf 
philodendron, pothos, wisteria, clematis, and grapes. 

 

https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener
https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener




• Mound (stool) layering is useful with heavy-
stemmed, closely branched shrubs and 
rootstocks of tree fruits. Cut the plant back to 1 
inch above the soil surface in the dormant 
season. Dormant buds will produce new shoots in 
the spring. Mound soil over the new shoots as 
they grow (Figure 4). Roots will develop at the 
bases of the young shoots. Remove the layers in 
the dormant season. Mound layering works well 
on apple rootstocks, spirea, quince, daphne, 
magnolia, and cotoneaster. 

https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener




• Air layering can be used to propagate large, overgrown house plants such as rubber plant, croton, or dieffenbachia 
that have lost most of their lower leaves. Woody ornamentals such as azalea, camellia, magnolia, oleander, and 
holly can also be propagated by air layering. For optimum rooting, make air layers in the spring on shoots 
produced during the previous season or in mid to late summer on shoots from the current season’s growth. For 
woody plants, stems of pencil size diameter or larger are best. Choose an area just below a node and remove 
leaves and twigs on the stem 3 to 4 inches above and below this point. This is normally done on a stem about 1 
foot from the tip. 

• Air layering differs, depending on whether the plant is a monocot or a dicot. For monocots, make an upward 1- to 
11⁄2-inch cut about one-third through the stem. The cut is held open with a toothpick or wooden match stick. 
Surround the wound with moist, unmilled sphagnum moss (about a handful) that has been soaked in water and 
squeezed to remove excess moisture. Wrap the moss with plastic and hold in place with twist ties or electrician’s 
tape. No moss should extend beyond the ends of the plastic. Fasten each end of the plastic securely, to retain 
moisture and to prevent water from entering. If exposed to the sun, the plastic should be covered. Aluminum foil 
can also be used, as it does not require twist ties or tape to hold it in place. 

• The process for dicots is similar, except a 1-inch ring of bark is removed from the stem. With a sharp knife, make 
two parallel cuts about an inch apart around the stem and through the bark and cambium layer (see Figure 5). 
Connect the two parallel cuts with one long cut. Remove the ring of bark, leaving the inner woody tissue exposed. 
Scrape the newly bared ring to remove the cambial tissue to prevent a bridge of callus tissue from forming. 
Application of a root-promoting substance to the exposed wound is sometimes beneficial. Wrap and cover using 
the same procedure as that described for monocots. 

• After the rooting medium is filled with roots, sever the stem below the medium and pot the layer. The new plant 
will usually require some pampering until the root system becomes more developed. Provide shade and adequate 
moisture until the plant is well established. 

 

https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener




• Natural Forms of Layering 

• Skip to Natural Forms of Layering 

• Sometimes layering occurs naturally, without the assistance of a 
propagator. Runners and offsets are specialized plant structures that 
facilitate propagation by layering. 

• A runner produces new shoots where it touches the growing medium 
(Figure 6). Plants that produce stolons or runners are propagated by 
severing the new plants from their parent stems. Plantlets at the tips of 
runners may be rooted while still attached to the parent or detached and 
placed in a rooting medium. Examples include strawberry and spider 
plant. 

• Plants with rosetted stems often reproduce by forming new shoots, called 
offshoots, at their base or in the leaf axles. Sever the new shoots from the 
parent plant after they have developed their own root systems. Unrooted 
offsets of some species may be removed and placed in a rooting medium. 
Some of these must be cut off, whereas others may simply be lifted from 
the parent stem. Examples include date palm, bromeliads, and many cacti. 

 

https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener
https://content.ces.ncsu.edu/plant-propagation-by-layering-instructions-for-the-home-gardener
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LAYERING  



Plants That Propagate by Layering Naturally 

 Numerous plants (such as cane berries, strawberries, and ivy) naturally 

propagate by layering, and others (including many flowering shrubs, herbs, and 

trees) can be induced to form new plants either by ground or air layering. 

 Blackberries-tip layer. If allowed to grow and touch the ground, the lateral 

branches will start to produce roots at the point that comes in contact with the 

soil. 

 Strawberries-runners are formed that eventually form a new plant and root. 

 Succulents-some produce offshoots that result in new daughter plants (hens and 

chicks come to mind). 

 



Methods of Ground Layering 

There are several types of ground layering 

 Simple layering 

 Tip layering 

 Serpentine (compound) layering 

 Mounding (stooling) layering 

 French layering 

 



Simple Layering Method 

 Usually done in the autumn or early spring. 

 Select a stem that is one or two years old, wound it, and bend it down 

to the ground. 

 Pin it in place and lightly cover it in soil, ground staples work well. 

 Alternately, you can dig a shallow trench into which it will be pinned. 

 The daughter plants are typically ready to sever from the mother after 

a few months to a year. 

 In autumn you can separate them out to root up in individual pots, or 

transplant them directly into the ground in the spring when the soil has 

begun to warm. 

 

https://www.groworganic.com/ground-staples-pack-of-100.html
https://www.groworganic.com/ground-staples-pack-of-100.html
https://www.groworganic.com/ground-staples-pack-of-100.html




Tip Layering Method 

 Some plants, such as cane berries, prefer to root at the tip 

instead of mid-stem. 

 Dig a hole 3-4" deep and insert the tip of the shoot. 

 Cover with soil 

 Examples of plants that is readily propagated are purple and 

black raspberries and blackberries. 

 





Serpentine (Compound) Layering Method 

 Done in the same way as simple layering, except that 

multiple points are rooted along the same stem. 

 This method is good for plants that produce long shoots each 

year, such as clematis, and creates more daughter plants than 

simple layering. 

 To achieve this, wound and bury the stem (in the same way 

as with simple layering) between each node or bud. 

 Good for plants that produce vine-like growth like grapes, 

wisteria, heart-leaf philodendron or pothos 

 





Stooling Layering Method 

 Hard prune a shrub in late winter and mound the shoots with 

soil in spring when they’ve grown to 6–8 inches in height. 

 Roots will then grow on each shoot where it is buried. 

 The following autumn, the mounded dirt is removed and each 

shoot is pruned off and planted individually. 

 This method works well with daphne, spirea, apple rootstocks, 

magnolia and cotoneaster. 

 





French Layering Method 

 A type of stooling that produces several plants per stem. 

 After hard pruning in the early spring, the shoots are allowed to grow 

for a year. 

 The next spring, trim off the growing tip, bend the shoots 

horizontally, peg them to the soil and bury them. 

 Each shoot will grow roots and produce numerous sideshoots (new 

vertical stems). 

 The sideshoots are repeatedly mounded through the summer to a 

final depth of 6 inches of soil. 

 In the autumn, the sideshoots are dug up, separated, and planted 

individually. 

 



Mounding Layering Method 

 Very similar to stooling, except that the plant does not need to be 

hard pruned, and the rooted stems are ready within a few months. 

 In the spring, bury the plant except for an inch or so of the top. 

 By late summer, the stems will have formed roots. 

 Dig them out, cut them off from the parent plant, and transplant 

them. 

 This method works well for old, woody perennial herbs like thyme, 

rosemary and lavender, and for closely branched shrubs like 

flowering quince. 

 





Air Layering Method 

 Used on tree branches and other elevated stems that cannot be 

bent to ground level, and for plants that are difficult to root by 

other means. 

 Use on plants such as camellia, citrus, and rhododendron. 

 This can be done in the spring on the previous year’s growth, 

or in the late summer on the current year’s growth. 

 It will be most successful on branches that are at least pencil-

width. 

 



 Remove the leaves in the section to be rooted, wound the bark, 

and cover the site with a 4 inch-thick layer of moist sphagnum 

moss. 

 Then enclose the moss in a rooter pot or sturdy plastic wrap 

that is sealed on both ends. 

 Once roots have formed and are visible through the plastic, 

remove the plastic (but not the mossy layer) 

 Prune off the branch just below the moss, and transplant it. 

 This can take as little as two months or up to a full year, 

depending on the plant. 

 

https://www.groworganic.com/products/supermoss-preserved-sheet-moss-8-oz?_pos=2&_sid=0809c66b8&_ss=r
https://www.groworganic.com/products/supermoss-preserved-sheet-moss-8-oz?_pos=2&_sid=0809c66b8&_ss=r
https://www.groworganic.com/products/supermoss-preserved-sheet-moss-8-oz?_pos=2&_sid=0809c66b8&_ss=r
https://www.groworganic.com/rooter-pot-baby.html
https://www.groworganic.com/rooter-pot-baby.html
https://www.groworganic.com/rooter-pot-baby.html
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INTRODUCTION 

• The principle objective of this work is to enlighten researchers on the basic 

principles of extraction of active ingredients from medicinal plants for 

research purposes. 

Extraction 

• This is the separation of medicinally active portions of plant from the 

inactive components by using selective solvents in standard extraction 

procedures. 

Extract: 

•  This is a preparation of crude drug which contains all the constituents 

which are soluble in the solvent used in making the extract. 

 



3 By Erhirhie Earnest O.  

  





BASIC PRINCIPLE IN EXTRACTION 

• Plant constituents are usually contained inside the cells. 

Therefore, The solvent used for extraction must diffuse into 

the cell to dissolve the desired compounds. 

 



CHOICE AND QUALITY OF EXTRCTION 

SOLVENT 

The ideal solvent for a certain pharmacologically active 

constituent should: 

• Dissolve the substance to be extracted, yet it must be only 

• 1. sparingly soluble in the solvent from which the desired 

substance is to be extracted. 

• 2.Extract only the desired substance or as small an amount as 

possible of any other substance present. 

• 3. Not react chemically with the solute in an undesirable way, 

• 4.Be easily separated from the desired solute after extraction 

 



QUALITY AND CHOICE OF EXTRCTION 

SOLVENTQUALITY AND CHOICE OF 

EXTRCTION SOLVENT 

• Ethyl alcohol is the solvent of choice for obtaining classic 

extracts such as tinctures and fluid, soft and dry extracts. 

• The ethyl alcohol is usually mixed with water to induce 

swelling of the plant particles and to increase the porosity of 

the cell walls which facilitates the diffusion of extracted 

substances from inside the cells to the surrounding solvent. 



Collection of plant materials 
Suitable time for collection 

• The amount of a constituent is usually not constant throughout the 

life of a plant. 

• Roots and rhizomes should be collected in the raining season. In 

most cases they must be washed free of adhering soil and sand. 

• Bark should be collected in the dry season. 

• Leaves should be collected at the flowering stage. 

• Flowers should be collected when fully developed and also in the 

morning after the morning dew had evaporated. 

• Fruits and seeds should be collected when fully ripe. 

• Whole plant should be collected during flowering stage. 

 



Preservation of plant materials 

• After collection, the plant material must first be preserved so 

that the active compounds will remain unchanged during 

transport and storage. 

• The most common method for preserving plant material is 

drying. 

• Living plant materials have a high water content: 

• Leaves  may contain 60-90% water,  

• Roots and rhizomes 70-85% water 

• Wood 40-50% water 

• Seed contains 5-10% Water 

 



Grinding size reduction of plant materials 

• The first operation that must be performed after drying is grinding of the 

plant material to a powder of suitable particle size. 

• Large particles take a longer time for complete extraction than small ones 

and large differences in particle size thus slow down the extraction process. 

• The purpose for powdering the plant material is to rupture its tissue and cell 

structures so that its medicinal ingredients are exposed to the extraction 

solvent. 

• Furthermore, size reduction maximizes the surface area, which in turn 

enhances the mass transfer of active principle from plant material to the 

solvent. 



  
Machines are available for grinding crude drugs 

 

• 1.Hammer mill 

 

• 2.Knife mill 

  

• 3.Tooth mill 

  

• 4.Blender5.Morter and pestle 

 





COMMON METHODS OF PLANT 

EXTRACTION 

• Infusion 

• Decoction 

• Maceration 

• Percolation 

• Digestion 

• Continuous hot extraction 

 



METHODS OF PLANT EXTRACTION 

Infusion: 

• In this method, the plant material (herbal 

tea) is placed in a pot and wetted with 

cold water. 

• Boiling water is poured over it, then left 

to stand. 

• It is then covered with a lid, for about 

fifteen minutes after which the tea is 

poured off. 

 



COMMON METHODS OF PLANT EXTRACTION 

Decoction: 

• In this process, the crude drug 

is boiled in a specified volume 

of water  for a defined time. It 

is then cooled and filtered. 

• This procedure is suitable for 

extracting water-soluble, heat-

stable plant constituents. 

 



Maceration 

Whole or coarsely powdered plant 

material is placed in closed 

container  with the extracting 

solvent and allowed to stand at 

room temperature for a period of 

time with frequent agitation until 

the soluble matter is dissolved.  

The mixture then is filtered, the marc 

(the damp solid material) 

is pressed. The combined liquids 

are clarified by filtration or 

decantation . 



Percolation: 

• In this method, the plant 

material is subjected to as 

low flow of fresh solvent at 

intervals until sufficient 

active ingredient is extracted. 



Digestion 

• Digestion is also considered as 

maceration but, at are relatively 

elevated temperature. 

• This method is suitable for hard 

barks or woods which are difficult 

for water to penetrate. 

 



Continuous hotextraction method 

• This is the most common method 

used for the extraction of organic 

constituents from dried plant 

tissue. 

• It can be used both on laboratory 

and industrial scales. 

• In the lab, the powdered material is 

continuously extracted in a Soxhlet 

apparatus with a range of solvents 

of increasing polarity. 

 





CONCENTRATION OF FILTRATE TO DRYNESS 

• The filtered plant part (liquid portion) must be reduced to 

paste-like, cakey, and finally powdered form through standard 

techniques. 

The essence of concentrating filtrate to dryness is to; 

• Calculate the active ingredient present after the extraction by 

calculation of percentage yield. 

• To obtain dose of plant extract in milligram or gram that can 

be further constituted in a known volume of vehicle for 

experimental animals dosing. 

 



COMMON METHODS OF CONCENTRATING 

FILTRATE TODRYNESS 



CONCENTRATION OF FILTRATE TO DRYNESS 

• The enriched extract from maceration or extractors, is; fed into 

a water bath, oven, hot plate, heating mantle, etc to produce a 

thick concentrated extract free from solvent. 

• Or the concentration could be done using rotary evaporator in 

order to remove excess solvents from samples by applying 

heat to a rotating vessel at a reduced pressure. 

• A freeze dryer or lyophilizer  can also be used to concentrate 

and dry the filtrate extract (only aqueous) at reduced 

temperature (eg -20 to -50°C).  

 



Calculation of percentage yield 

• Percentage yield is the amount of product captured by the 

extraction. This will provide the extraction yield. 

Percentage yield = 

For example: 

 If400g of powdered leaf was soaked in1200ml (1.2litres) of 

ethanol and after concentration todryness the final weight 

recovered was40g, thepercentage yield can be calculated 

as follows; 

Percentage yield = 

  



CONCLUSION AND RECOMMENDATIONS 

Plant extracting is necessary for scientific purpose. 

The intending plant meant for research purpose should be 

carefully identified, collected at the right time, preserved, 

grinded, and extracted in other to avoid errors in research. 
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PRUNING 

• Pruning affects function and regulates the fruiting of the plant 

and is a regular annual maintenance operation. 

Types of Pruning 

• There are mainly two types of pruning—heading back and 

thinning out. Removal of terminal portions of shoots, branches 

or limbs leaving its basal portion intact is called heading back. 

The other method which involves removal of a few undesirable 

shoots or branches entirely is called thinning out. Thinning out 

of large limbs in old and diseased trees is called bulk pruning. 

 





Pruning is done with the objective of directing plant growth to increased 

productivity. The objectives of pruning can be summarized as follows: 

• To remove surplus branches. 

• To open the trees so that the fruits will colour more satisfactorily.  

• To train it to some desired forms. 

• To remove dead and diseased branches.  

• To remove water sprouts. 

• To improve fruiting wood and to regulate production of floral buds. 

Pruning is a skilled operation requiring much experience. There is a lot of 

variation in pruning requirements among the trees of the same species and of 

different species when they are grown under different agro-climatic zones. 

 



Season of Pruning 

• Most of the fruit species not only show dormancy but also enter 

into rest period in summer when their shoots stop growing, but 

their leaves continue to photosynthesize until leaves fall in 

autumn. 

 Early-summer pruning  

 Mid-summer pruning 

 Late-summer pruning  

  

 



Early-summer pruning  

• Early-summer pruning refers to pruning after the lowering 

period when shoot growth is still succulent. It induces new 

shoots to start growth from the buds just at the back of the 

points where cuts are made. This prolongs period of shoot 

growth delaying flower-bud formation. 

 



Mid-summer pruning  

• Mid-summer pruning dwarfs the trees more than an equally 

severe pruning during winter or early summer but is also 

accompanied by a net reduction in the fruit yield. 

 



Late-summer pruning  

• Late-summer pruning reduces growth and yield of young trees.  

But if pruning is done only two or three weeks before leaf fall, 

it does not show measurable reduction in growth. 

 



Special Pruning Techniques 

• Root pruning 

• Ringing  

• Notching  

• Smudging  

• Bending  

• Coppicing  

 

 

Pollarding 

Lopping  

Pinching 

Disbudding  

Containment pruning  

 



Root pruning 

 It is a long-recognized practice for culture of dwarf 

fruit trees, in which a l circular trench is dug 45 cm 

away from the stem annually and the roots are cut off 

every year with a sharp knife. The trench is then 

filled with manures liberally. This helps in increasing 

the production of mass fibrous roots in dwarfing the 

trees and in abundant bearing. 

 





Ringing  

• It is practised in some fruit crops to increase fruit-bud 

formation. A complete ring of bark is removed from the main 

trunk or branches. Ringing interrupts downward passage of 

carbohydrates through the phloem and thus causes them to 

accumulate in the part of the tree above the ringed portion. 

This is normally useful in over-vegetative trees like some 

mango and grape varieties. This practice often results in the 

formation of large-sized fruits. 

 





Notching  

• It is the partial removal of bark from above a dormant lateral 

bud. This is practised in crops like fig and apple. Nicking is 

the practice of notching below a bud. It is effective in starting 

a shoot. 



Smudging  

• It is the practice of smoking fruit trees like mango, commonly 

employed in Philippines to produce off season crop. Smoke is 

produced by burning branches and fallen leaves on the ground 

and the smoke is allowed to pass through the centre of the 

crown. The tree is smoked continuously for a week. By this 

time the terminal buds in the shoots formed during the past 

season begin to swell. 

 



Smudge pot 



Bending  

• Bending of branches is found to increase productivity in erect 

growing varieties of guava. Bending induces production of 

many lower lateral fruiting branches.  

 



 

Coppicing  

 • Here the main trunk of the tree is removed leaving 30-35 cm 

stump alone This stump starts producing many vigorous shoots 

in about 6 months time. Of this 2-3 shoots are retained for the 

next coppicing. 

 



Pollarding 

• This refers to the practice of removing the growing point in 

shade trees like  silver oak in order to encourage side branches. 

 



Lopping  

• This is the process of cutting some branches to reduce canopy 

cover in shade trees in order to permit more light. 

 



Pinching 

It is the removal of the terminal growing point in herbaceous 

perennials so as to induce more lateral or side-shoot production. 

Pinching is practised in flower crops like carnation and 

chrysanthemum to reduce the plant height and to promote axilary 

branching  

 



Disbudding  

• This is usually practised in flowering plants especially for 

exhibition purposes. Some flower buds in a cluster are 

removed so that the remaining develop into large showy 

blooms. 

 



Containment pruning  

• This is a special pruning technique practised in high-density 

plantation of temperate fruits. Heading back along with 

thinning out at the periphery is done to contain the woody 

portion within the small canopy of the tree. 15-20% of the l 

branches are annually cut from the periphery. In this way 

within 5-6 years the whole of the periphery is renewed. 



Thinning  
• Fruiting is an exhaustive process especially when the crop is heavy. The aim of the 

grower should be to get a good crop without exhausting the plant. An excessive 

crop becomes devitalized and susceptible to pests and diseases. In order to ensure 

proper balance between the amount of new shoot growth and flower-bud formation, 

thinning is practised in certain flower crops. Thinning is the removal of some 

flower buds, flowers or fruits (before l it matures on the tree) with the object of 

increasing the size and quality of the remaining l fruits and reducing the alternate 

bearing tendency. Thinning also increases the yield of marketable fruits, improves 

fruit size, improves the colour of the fruit and its eating quality. It promotes the 

vigour of the tree and reduces breaking of branches due to excess bearing, i and 

ensures uniform ripening. Time of thinning is important. 

 



 

The three main stages of fruit thinning are:  

 • 1. Blossom stage 

• 2. Marble stage 

• 3. Stage after natural fruit-drop has occurred. 

• The extent of thinning to be carried out depends on crop set, response of 

the variety to thinning, nature of the pruning given, age of the tree and the 

value of the increased size of the fruit in the market. 

• Thinning can be done manually as is practised in grapes and dates. But it is 

costly. I Chemical thinning sprays with growth regulators like NAA 

naphthalene acetic acid) arel effective and cheap. 

 



Differential Pruning Technique 

• In this system, light and severe pruning are alternately given to 

overcome alternate bearing l in certain crops. The physiology of 

the crop is different during the peak season and off-season and 

pruning is done accordingly, to induce regular bearing. 

 



Pruning of Flower Crops 

• Pruning for increased flower production is done in flower crops like 

rose, marigold, dahlia. chrysanthemum and jasmine, which produce 

flowers in current-season shoots. Pruning is to be done at the correct 

time and stage of growth of plants for best results. 

 



Jasmines  

• In jasmines, pruning of the past-season shoots is done before the 

flowering season to induce the production of new shoots that 

will flower. In jasmines if old shoots are left as such, reserve 

food materials, which are to be utilized for the growth of new 

shoots and flowers tend to get accumulated in them. By yearly 

pruning of all the old shoots before the lowering season, 

production of new shoots and continuous flowering for up to 3to 

4 months or more is ensured, depending upon the nutritive status 

of the plants.  

 



Marigold  

Marigold  

• For plants like marigold in which lateral shoots produce 

lowers, this is a routine procedure that facilitates early 

production of laterals and flowers. 

 



Roses  

• Pruning of criss-crossed branches which crowd at the centre of bushy 

plants like roses helps to open out the centre, permitting greater light 

penetration and result in enhanced flowering. Pruning of the weak, thin and 

trailing branches and blind shoots that will not flower help to remove 

unproductive sinks. By selective and timely pruning of the shoots with 

older flowers, the number of new shoots can be regulated and regular 

production of flowers of good size and quality can be ensured in roses. 

Heading back, thinning disbudding pinching and de-shooting are the 

pruning procedures practised in various plants. 

 



Soil 
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Soil is the mixture of minerals, organic matter, gases, liquids, and 

the myriad of organisms that together support plant life. It is a 

natural body that exists as part of the pedosphere and which 

performs four important functions: it is a medium for plant 

growth; it is a means of water storage, supply and purification; it 

is a modifier of the atmosphere; and it is a habitat for organisms 

that take part in decomposition of organic matter and the creation 

of a habitat for new organisms. 



6 Major components of soil 

 Eroded rock 

Mineral nutrients 

Decaying organic matter 

Water 

 Air 

Living organisms 



Importance of Soil 

Provides nutrients 

Recycles/filters water 

Stores water 

 Soil is the basis of life on Earth…why do you think?  

Plants get nutrients from soil and plants provided glucose and 

oxygen (producers) 
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