
BREEDING CEREAL CROP I:  

WHEAT 

 
 Wheat is the one of the leading cereal crops of the world. It is a major crop of the 

America, Canada, Europe and Asia. It ranks third in area and second in production 

among the cereals grown in India. The most important wheat producing states of India 

are Uttar Pradesh, Haryana, Madhya Pradesh, Punjab, Rajashthan, Maharastra, Bihar 

and Gujarat. 

 Wheat contains a substance called gluten, which make possible the production of 

loaf bread. This property is only present in wheat and to some extent in rye. Wheat is 

used to make bread, biscuits, pastry and semolina products. In India, it is mainly used for 

making chapattis. 

1. Name of Crop : Wheat 

2. Botanical Name : Triticum aestivum Bread Wheat 

(Irrigated) Triticum durum Durum 

Wheat or Macronic Wheat (Irrigated 

or rainfed)   

3. Family : Poaceae 

4. Chromosome Number : As per Table No. 3.1 

5. Center of Origin : South West Asia 

6. Mode of pollination :  Self of pollination 

7. Out crossing percentage : < 1 per cent  

8. Related wild species : As per Table No. 3.1 

Mode of origin of tetraploid and hexaplaiod wheat: 

Teraploid: Triticum monococcum x Unknown 

     2n= 14 (AA)     2n= 14 (BB) 

          

 F1 (AB) Diploid in nature 

       

        

                Chromosome doubling 

                2n= 4x = 28 (AABB) Tetraploid  

                                                  (Triticum turgidum–durum wheat) 

 



Hexaploid: Triticum turgidum x T. tauchii 

                    2n= 28 (AABB)          2n= 14 (DD) 

 

F1(ABD) 2n= 21 

                                       Chromosome doubling 

                   

                 2n= 6x= 42, AABBDD, Hexaploid (Triticum aestivum) 

 In nature, this wheat performs as diploid due to a mutation in ‘ph’ gene (dominant 

gene) on chromosome 5B, which inhibits pairing between homologous chromosomes.  

Table 3.1: Wild relatives of wheat along with chromosome number, genome formula, 

common name and use(s) 

  

Sr. 

No. 

Species Chro. 

No. 

(2n) 

Genome 

Formula 

Common 

Name 

Use 

Diploid species 

1. T. monococcum 14 AA Einkorn Cultivated 

2. Aegilops speltoids 14 SS       _ Wild 

3. Triticum dichasians 

(Aegilops caudate) 

14 CC       _ Wild 

4. Triticum tauchii (Aegilops 

squarrosa) 

14 DD       _ Wild 

5. Secale cereale 14 EE Rye Cultivated 

Tetraploid speices 

1. Triticum dicoccoides 28 AABB Wild emmer Wild 

2. T. dicoccum 28 AABB Emmer Cultivated 

3. T.durum 28 AABB Durum wheat Cultivated 

4. T. polonicum 28 AABB Durum wheat Cultivated 

5. T. timopheevi 28 AAGG Timpopheevi Wild 

6. Aegilops cylindrica 28 CCDD Goat grass Wild 

Hexaploid species 

1. Triticumcompactum 42 AABBDD Culb wheat Cultivated 

2. T. spelta 42 AABBDD Spelt wheat Cultivated 

3. T. aestivum 42 AABBDD Bread wheat Cultivated 

 



 

 

 

 

 

Floral biology: 

 Wheat inflorescence (spike) contains 13-23 spikelets. Inflorescence is a spike of 

spikelets, which are sessile. Each spikelet contains 3-7 florets. Each floret consists 

of outer parianth called the lemma and thin two-keeled parianth called the palea 

(Fig. 3.1).  

 These lemma and palea enclose the sexual organs. The lemma covers the outer 

portion of the matured kernel and in the awn varieties it terminates in awn. 

 Sexual organs consist of single pistil and 3 stamens. 

 Pistil consists of monocarpellary superior one ovary bearing two short styles 

bifurcated feathery stigmas. 



 Blooming starts several days after the wheat spike emerges. The flowers on the 

main stem (culm) bloom first and those on the tillers later, in order of the tiller 

formation. 

 Flowering starts in the upper part of the spike and proceeds in both directions. 

 Flowering continues throughout the day takes 2-3 days for a spike to finish 

blooming. 

 The glumes normally open during the flowering process. The anthers protrude 

(emerge) from the glumes and part of the pollens shed outside the flowers. 

 If the conditions are unfavorable for the opening of the glumes the anthers may 

shed their pollen without being extruded (emerged). 

 Pollen remains viable for a very short period, usually not more than 1-3 minutes. 

Therefore, fresh pollen is essential for obtaining good seed set when making 

crosses. 

 Breeding objectives: 

(1) Higher yield 

(2) Early maturity 

(3) Lodging resistance 

(4) Winter hardiness 

(5) Drought resistance 

(6) Disease and insect resistance 

(7) Breeding for quality 

(a) Market quality 

 (i) Seed size-uniform, well filled, bold and lustrous grain 

 (ii) Seed texture-hard 

(iii) Seed must be pure, clean and sound 

(iv) High kernel weight 

(b) Milling and backing quality 

 BREEDING METHODS: 

1. Introduction: 

Semi dwarf wheat from Mexico, Sonara 63, Sonara 64, Mayo 64, Lerma Roja 64 

2. Pure line selection: 

Earlier varieties like P4, P6, P12 evolved at Pusa institute are result of pure line 

selection from local population. 

3. Hybridization and selection: 

 a) Inter varietal: 

A crossing between two varieties of the same crop is called inter varietal 

hybridization. A number of successful derivatives were developed at IARI New 

Delhi and Punjab. However all these varieties were lodging and poor yielders 

when compared to other countries. 



Introduced variety Sonara 63, Sonara 64 Mayo 64 and Lerma Roja 64 

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: 

    A crossing between two species of same genera is called inter specific 

hybridization.E.g.  To get Hessian fly and rust resistance resistance.  

b) Inter generic crosses: 

    A crossing between two genera of same family is called inter generic 

hybridization. E.g. Triticale: Triticum aestivum X Secale cereale to confer 

winter hardiness and drought resistance. 

d) Back cross method of breeding: 

Rust resistance in Chinese spring from Thatcher variety. 

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.  

5. Mutation breeding: 

Dr. M. S. Swamina 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 deliberate mixture of pure lines which are phenotypically similar 

but genotypically dissimilar. Each line is produced by separate back cross 

method of breeding. Each line has resistance against particular races of a disease. 

 Wheat Ideotypes: 

A. Short and stiff straw 

B. Photo insensitivity 

C.  High response to nitrogen application 

D. Few small leaves 

E. Larger and erect ear 

F. Presence of awn 

G.  High harvest index 

H.  Resistance to various rusts 

Research stations: 

A. International: International Maize and Wheat Improvement Center (CIMMYT), 

Mexico. 

B. National: Directorate of Wheat Research (DWR), Karnal, Haryana. 

C. State level: Main Wheat Research Station, SDAU, Vijapur, Gujarat. 



 

 

Improved varieties:  

 

Triticum aestivum group: Lok-1, GW-496, GW-503, GW-190, GW-173, GW-273, 

GW-322,GW-366,GW-415(2015) and GW-499 (2019) 

Triticum durum group: GW-1, GW-2, Raj-1555, H1-8498, GW-1139 and GW-

1339(2019). 

 

SUPPLIMENTARY EXERCISE 

Q-1 Describe floral biology of wheat with suitable diagram. 

Q-2 Enlist the five important wild relatives of wheat. 

Q-3 How tetraploid and hexaploid wheat is originated? 

Q-4 List out breeding methods adopted for improvement of wheat. 

Q-5 Enlist important breeding objectives of wheat. 

Q-6 Mention International, National and State level research stations of wheat. 

Q-7 Write the improved varieties of T. estivum and T. durum group. 

 

 

BREEDING OILDSEED CROPS II: MUSTARD AND SUNFLOWER  

MUSTARD 

 

 Of the nine annual oilseed crops grown in India, mustard is the second crop in 

area and production, next to groundnut. It is grown in as many as twenty three states in 

India. Indian mustard is a quantitatively photosensitive and basically temperate crop and 

requiring cool temperature, below 25oC (within agro-climatic conditions) during growth 

period. Therefore, this crop grown extensively in northeastern and central parts of our 

country. 

 Mustard oil is considered to be oil that has low saturated fat as compared to other 

cooking oils. This pungent tasting oil is mostly used for cooking in parts of Uttar 

Pradesh, Bengal, Assam, Bihar, Orissa, Haryana and some other parts of India. It has 



antioxidant and cholesterol reducing properties. It is also loaded with essential vitamins. 

Though this oil is nutty tasting, it is good for heart and also has many other benefits. 

 1. Name of Crop : Mustard 

2. Botanical Name : Brassica juncea L. 

3. Family : Brassicaceae (Cruciferae) 

4. Chromosome Number : 2n = 36 

5. Center of Origin : China 

6. Mode of pollination : Cross pollination 

7. Out crossing percentage  : 4 to 14 %  

8. Related wild species :  B. japonica, B. nigra (2n=16).                   

B. oleracea (2n=18), B. carinata (2n=34),  

B. carica, B. napus (2n=38),  

B. compestris(2n=38)  

 

 Constraints /causes for low yield potential in mustard: 

1. Mustard is grown in unproductive marginal lands with low levels of inputs and 

aberrant weather conditions. 

2. Continuous adaptation of the traditional package of practices. 

3. Susceptibility to disease (white rust), pests (aphids) and frost. 

4. Inadequate production and poor supply of quality seeds of improved varieties. 

5. The unhealthy fluctuating marketing trends with poor support price. 

6. Poor water management and inadequate use of fertilizers. 

 

 

Genetic origin of mustard: 

Brassica nigra x Brassica campestris 

2n=16 (BB)  2n=20(AA) 

F1, 2n=2x = 18 (AB) 

(Chromosome doubling) 

Brassica juncea, 2n = 4x = 36 (AABB) 

Allotetraploid or Amphidiploid 

 

The “Triangle of U” diagram, showing the genetic relationships between the six species 

of the genus Brassica. Nagaharu U (1935). “Genome analysis in Brassica with special 

reference to the experimental formation of B. napus and peculiar mode of fertilization”. 

Japan. J. Bot., 7: 389-452. 

 



 Brassica Triangle 

The genetical relationship between the oilseed brassicas are  represented as 

follows. 

 
 

B.nigra (BB ) 

(Diploid) 

n= 8 

  

     

 

B.Carinata(BC) 

(Cultivated)  

n=17  

 B.Juncea(AB) 

(Cultivated)   

n=18  

 

     

B.oleracea (CC) 

(Diploid) n=9 

 

B.napus (AC) 

(Cultivated)   

n=19 

 

B.campestris (AA) 

(Diploid) 

N=10 

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. Used as medicine 

pungent due to glucoside sinigrin. 

2. B.alba  24  White mustard : Young seedling used as Salad, yellowish 

seed  

3. B.juncea  36  Indian mustard. RAI. Leaves used as herb contains sinigrin. 

 

Floral biology: 

 The inflorescence is a corymb raceme, sepals are united and green which turn 

yellow before falling. Petals are narrow and pale yellow to cream in colour. 

Androecium: 

1. The stamens are six, four with long and two with short filaments teradynamous 

condition. 

2. During bud stage, the immature stamens are always below the stigma. 

3. Just before the opening of the flower the four stamens, which have long filaments 

carry the anthers up to the stigma and the anthers are introse. 



 

  

Emasculated flower Pollination 

 

Gynoecium: 

1. The flower bears a hypogynous, syncarpous ovary, which is bicapellary with a 

very large number of ovules and parietal placentation. 

2. Before the flower opens, the style often increases in length. Generally, the stigma 

remains in flush with the opening of the tube formed by the corolla. 

 

Anthesis and pollination: 

1. The flowers begin to open from 8.00 a.m. to 12.00 noon. 

2. The flowers continue to open till 3-4 days, fading gradually every day and on the 

4th to 5th day, the petals and sepals are shed. 

3. As the flowers open, the anthers begin to dehisce from the apex downwards. 

4. At the time of dehiscence, the pollen liberating sides of the anthers remain 

towards the stigma and slightly of the flowers by wind etc. is sufficient to 



accomplish the transfer of pollen. Large numbers of bees visit the flowers soon 

after they open and certain amount of cross-pollination takes place. 

Breeding objectives: 

1. Higher seed yield per unit area 

2. Early maturity 

3. Shattering resistance 

4. Resistance to biotic and abiotic stress 

5. Higher oil content (45 per cent) and oil quality 

The important characteristics of oil quality are 

(i) Oil content of the seed 

(ii) Taste 

(iii) Colour of the oil: It is related with the colour of the seed 

(iv) Pungency in the oil: It is preferred in North – eastern India 

(v) Low Erucic acid and linolenic acid and low glucosinolate in meal 

 High content of long chain fatty acid, erucic acid up to 50 per cent is 

desirable in oil, which is used as lubricant. But for the edible purpose is 

should be low. 

 Glucosinolate: A group of compounds that give the characteristics flavor to 

vegetable and condiment. In meal, it is relatively high, therefore, restricted 

to use in cattle feed. 

 Linolenic acid should be reduced (<3%) as it very unstable and is easily 

oxidized to give unpleasant smelling substance in oil. 

Research stations: 

A. National: National Research Centre for Rape Seed and Mustard (NRCRM), 

Sewar, Bharatpur, Rajasthan. 

B. State level: Main Mustard Research Station, Sardarkrushinagar Dantiwada 

Agricultural University, Sardarkrushinagar, Gujarat. 

Improved varieties: Gujarat Mustard-1, Gujarat Mustard-2, Varuna and Pusa Jay Kisan 

(Developed by somaclonal variation, IARI, New Delhi) 

 

SUPPLIMENTARY EXERCISE 

Q-1 Describe floral biology of mustard with suitable diagram. 

Q-2     Give the genetic origin of mustard. 

  Q-3     Enlist the important wild relatives of mustard. 

Q-4 Enlist important breeding objectives of groundnut, sesamum and mustard. 

Q-5 Mention National and State level research stations of mustard. 

Q-6 Write the improved varieties of mustard. 



SUNFLOWER 

 
 Sunflower is one of the important oilseed crops grown in India. Its genetic name 

‘Helianthus’ is derived from the Greek word ‘halio’ meaning ‘sun’ and ‘anthos’ 

meaning ‘flower’. Although it is a crop of  the temperate region, it has spread to all the 

continents of the world like Russia, Bulgeria, Romania, Canada and USA. 

 In India, it is extensively grown in Karnataka, Maharastra, Tamil Nadu and 

Andhra Pradesh. Its seed contains 40-20 per cent edible oil with low cholesterol content. 

The oil is also suited for soap making and for preparation of a number of other allied 

products. The oil cake contains 40-44 per cent protein. Sunflower meal is used as a bird 

and animal feed. 

1. Name of Crop : Sunflower 

2. Botanical Name : Helianthus annus L. 

3. Family : Astreraceae 

4. Chromosome Number : 2n = 34 

5. Center of Origin : Central America 

6. Mode of pollination : Cross pollination 

7. Percent cross pollination  : >90%  

8. Related wild species : H. agrestis, H. angustifolius,                    

H. anomalus, H. arizonensis,                        

H. atrorubens, H. bolanderi,                     

H. californicus, H. petiolaris  

Reasons for spread of sunflower in India: 

1. Wider adaptability over varying soil and climatic condition. 

2. High yield potential. 

3. Short duration and day neutral crop. 

4. Assured marketing facility and fixed support price. 

5. Easy crushing and oil extraction procedure. 

6. High seed multiplication ratio. 

7. Availability of varieties/hybrids with diverse duration periods to fit into multiple 

and inter-cropping systems. 

8. Ideal crop for contingency cropping plans. 



9. Drought tolerance capacity and rapid revivability after prolonged periods of 

drought. 

Floral biology: 

 The inflorescence is a capitutum or head, surrounded by green bracts, which protect 

the unopened head (Fig.9.1) 

 The capitutum consists of two types of flower, ray florets and disc florets. 

 The outer single row of ray florets, which are female and sterile. 

 The inner disc florets are arranged in concentric circles on the receptacle which are 

hermaphrodite and fertile. 

 Each disc floret consists of inferior ovary, two pappus scales, which are modified to 

sepals, and a tubular corolla, formed by the fusion of five petals, except at the apex. 

 

 

 

 

 The five anthers are also fused to form a tube with filaments attached to the base of the 

corolla tube. 

 Anthesis takes place in the morning between 6 a.m. and 8.a. m. The pollen grains 

remain viable for 12 hours. 

 The style is inside the anther tube and the stigma is bilobed.  

 The flowering process begins with the unfolding of outer ray florets. 

 The outer whorl of the disc flower opens first and then proceeds towards the centre 

of the head. 

 The stigma becomes receptive the following day and continues to be receptive for 

2-3 days. 



 The flowering is completed within 5-10 days, depending upon the size and season. 

 

Selfing technique: 

Self pollination is achieved by placing a muslin cloth bag over the head before 

anthesis. Seed set can be increased by rubbing pollen from the newly opened inner 

florets on the stigma of outer florets with a cotton pad or with a soft brush. Seed setting 

under bags without rubbing with brush indicates the extent of self fertility.  

 

Crossing techniques: 

 Sunflower is protoandrous, in which the androecium matures earlier than the 

gynoecium. There is a time lag of 18-24 hours in the maturity of male and female 

parts. Because of this, cross-pollination is favoured by insects, particularly bees 

which play an important role in pollination and fertilization.  

 A single head produces 350 to 2000 seeds. The seed is called achene and consists of 

outer pericarp, thin and papery inner seed coat and embryo. 

 For attempting crossing in sunflower, the heads must be covered with bags prior to 

flowing to prevent natural cross-pollination. 

 For emasculation, the anthers of the disc florets of the female parent are removed 

with the help of forceps early in the morning before they have dehisced and before 

the stigmas have extended far enough into the anther tubes. 

 Pollination is carried out the day after emasculation when the stigmatic lobes have 

separated and the receptive surfaces are exposed. For this purpose, the pollen is 



collected from the heads covered with bags before flowering and applied with a brush 

or a piece of cotton to the female parent. 

Breeding objectives: 

1. Higher yield 

2. Early maturity 

3. Lodging resistance and dwarf type plants 

4. High oil percentage 

5. Tolerance to abiotic stress 

6. Resistance to bird damage 

7. Resistance to insect, pest and diseases 

Improved varieties: Modern, Surya, TNAU-SUF-7, GAU-SUF-1, EC-68413, EC-

68414, EC-68415, and EC-69874 

Hybrid varieties: BSH-1, KBSH-1 and KBSH-11 

Research stations: 

A. National: All India Coordinated Research Programme on Sunflower, UAS, 

Bangalore, Karnataka. 

B. State: Main Oilseeds Research Station, JAU, Amreli, Gujarat. 

 

CHICKPEA  

 
→ Chick pea is the third most important pulse crop in the world. 

→ It is mainly confined to Indian Subcontinent where India alone contributes about 

70% to the global chickpea production.  

→ The important chickpea growing states of India are Rajasthan, Madhya Pradesh, 

Maharashtra, Uttar Pradesh  and Haryana.  

→ Rajasthan and Madhya Pradesh together contribute about 68% to the Indian and 

about 50% to the global chickpea production. 

→ Chickpea is a winter crop in the tropics and a summer or spring crop in the 

temperate region of the world.  

→ It requires cool, dry and bright weather. Temperature, day length and 

availability of moisture are the three major factors affecting flowering in 

chickpea.  

→ In general, flowering is delayed under low temperatures but more branching 

occurs. Progress towards flowering is rapid during long day 



→ Chickpea is valued for its nutritive seeds with high protein content (25.3-28.9%).  

 

1. Name of crop  : Chickpea, gram, Bengal gram, garbanzo 

bean, Indian pea, Ceci bean  

2. Botanical Name : Cicer arietinum   L.  

3. Family  : Fabaceae 

4. Chromosome Number  : 2n = 16 

5. Center of Origin : South eastern Turkey and adjoining Syria  

6. Mode of pollination : Self pollination 

7. Out crossing 

percentage 

: < 1 %  

8. Related wild species  : C. bijugum, C. Reticulatum, C. 

pinnatifidum, C echinospermum. 

  

  CChhiicckkppeeaa  iiss  pprreeddoommiinnaannttllyy  aa  sseellff--ppoolllliinnaatteedd  ccrroopp,,  ppeerrhhaappss,,  oobblliiggaattoorryy  ssiinnccee  ppoolllliinnaattiioonn  

ttaakkeess  ppllaaccee  aatt  tthhee  hhooooddeedd  bbuudd  ssttaaggee..    

  PPoolllleenn  iiss  mmoosstt  vviiaabbllee  wwhheenn  tthhee  fflloowweerr  iiss  hhaallff  ooppeenneedd,,  aanndd  ppoolllliinnaattiioonn  ooccccuurrss  1122  ttoo  2244  hh  

bbeeffoorree  tthhee  fflloowweerr  iiss  ffuullllyy  eexxppaannddeedd..    

  DDuurriinngg  tthhee  eeaarrllyy  ssttaaggeess  ooff  ggrreeeenn  bbuudd  ddeevveellooppmmeenntt  aanndd  eennllaarrggeemmeenntt,,  tthhee  ssttyyllee  eelloonnggaatteess  

aanndd  tthhee  ssttaammeennss  rreemmaaiinn  cclluusstteerreedd  aatt  tthhee  bbaassee  ooff  tthhee  oovvaarryy..  

  

  

  

  

  TThhee  ccoorroollllaa  ccoonnssiisstt  ooff  ffiivvee  ppeettaallss  ((11++22++22)),,  oonnee  bbiigg  ssttaannddaarrdd,,  ttwwoo  ssiiddee  wwiinnggss  aanndd  ttwwoo  

kkeeeellss  aarree  uunniitteedd    

  TThhee  aannddrrooeecciiuumm  iiss  ccoommppoosseedd  ooff  tteenn  ssttaammeennss  ((99++11))..  TThhee  aanntthheerrss  aarree  bbii  cceelllleedd,,  oorraannggee  aanndd  

bbaassiiffiixxeedd..  

  TThhee  ggyynnooeecciiuumm  ccoonnssiissttss  ooff  aa  ssuuppeerriioorr  oovvaarryy  wwiitthh  aa  tteerrmmiinnaall  sslliigghhttllyy  ccuurrvveedd  ssttyyllee  aanndd  

bblluunntt  kknnoott  lliikkee  ssttiiggmmaa..  

  AAnntthheessiiss  ooccccuurrss  ffrroomm  66  ttoo  1100  aa..mm..  aanndd  mmaayy  ccoonnttiinnuuee  uupp  ttoo  33  pp..mm..  TThhee  fflloowweerrss  rreemmaaiinn  

ooppeenn  ffoorr  ttwwoo  ddaayyss..  TThhee  aanntthheerrss  ddeehhiissccee  aabboouutt  4400  hhoouurrss  bbeeffoorree  tthhee  ooppeenniinngg  ooff  tthhee  fflloowweerrss..  

CClleeiissttooggaammyy  hhaass  aallssoo  bbeeeenn  rreeppoorrtteedd  iinn  tthhiiss  ssppeecciieess..    

  

  



  

    TTyyppeess  ooff  cchhiicckkppeeaa::    

                TThheerree  aarree  ttwwoo  mmaaiinn  kkiinnddss  ooff  cchhiicckkppeeaa..    

  DDeessii::  IItt  hhaass  ssmmaallll,,  ddaarrkkeerr  sseeeeddss  aanndd  aa  rroouugghh  ccooaatt,,  ccuullttiivvaatteedd  mmoossttllyy  iinn  tthhee  IInnddiiaann  

ssuubbccoonnttiinneenntt,,  EEtthhiiooppiiaa,,  MMeexxiiccoo  aanndd  IIrraann..    

  
  

DDeessii  cchhiicckkppeeaa  KKaabbuullii  cchhiicckkppeeaa  

  

  KKaabbuullii::  IItt  hhaass  lliigghhtteerr  ccoolloorreedd,,  llaarrggeerr  sseeeeddss  aanndd  aa  ssmmooootthheerr  ccooaatt,,  mmaaiinnllyy  ggrroowwnn  iinn  

SSoouutthheerrnn  EEuurrooppee,,  NNoorrtthheerrnn  AAffrriiccaa,,  AAffgghhaanniissttaann  aanndd  CChhiillee,,  aallssoo  iinnttrroodduucceedd  dduurriinngg  tthhee  

1188tthh  cceennttuurryy  ttoo  tthhee  IInnddiiaann  ssuubbccoonnttiinneenntt..    

  BBrreeeeddiinngg  oobbjjeeccttiivveess::    

11..  HHiigghh  yyiieelldd    

22..  EEaarrllyy  mmaattuurriittyy    

33..  IInnccrreeaasseedd  bbiioommaassss,,  MMeeddiiuumm  ttaallll,,  eerreecctt  aanndd  ccoommppaacctt  ccuullttiivvaarrss    

44..  RReessiissttaannccee  ttoo  ddiisseeaasseess  aanndd  iinnsseecctt  ppeessttss::  PPoodd  bboorreerr,,  RRoooott  rroott..  

55..  TToolleerraannccee  ttoo  ssttrreessss  eennvviirroonnmmeennttss  ii..ee..  ccoolldd,,  hheeaatt,,  ddrroouugghhtt  aanndd  ssaalliinnee  aanndd  aallkkaalliinnee        

            ssooiill..      

  BBrreeeeddiinngg  MMeetthhooddss::    

••  IInnttrroodduuccttiioonn  

                ii..ee..  GG--110099--11  TTuurrkkiisshh  vvaarriieettyy  iinnttrroodduucceedd  iinn  IInnddiiaa    

••  PPuurree  lliinnee  sseelleeccttiioonn  

                        ii..ee..  CChhaaffffaa,,  JJyyoottii,,  PPrraaggaattii,,  UUjjjjaaiinn  eettcc  

••  HHyybbrriiddiizzaattiioonn  

                        ii..ee..GGaauurraavv,,  RRaaddhhee,,  VViisshhaall,,VViijjaayy  eettcc  

••  MMuuttaattiioonn  BBrreeeeddiinngg  

                        ii..ee..AAjjaayy,,  AAttuull,,  GGiirrnnaarr  eettcc..  

••  TTrraannssggeenniicc  TTeecchhnnoollooggyy  

                        NNoott  aavvaaiillaabbllee  

  IIddeeaall  ppllaanntt  ttyyppee  iinn  cchhiicckkppeeaa  

11..  CCoommppaacctt  ppllaanntt  ttyyppee  

http://en.wikipedia.org/wiki/Indian_subcontinent
http://en.wikipedia.org/wiki/Indian_subcontinent
http://en.wikipedia.org/wiki/Ethiopia
http://en.wikipedia.org/wiki/Mexico
http://en.wikipedia.org/wiki/Iran
http://en.wikipedia.org/wiki/Afghanistan
http://en.wikipedia.org/wiki/Chile


22..  MMeeddiiuumm  ttaallll  aarree  pprreeffeerrrreedd  

33..  OOppttiimmuumm  nnuummbbeerr  ooff  pprriimmaarryy  aanndd  sseeccoonnddaarryy  aanndd  mmiinniimmuumm  nnuummbbeerr  ooff    

        tteerrttiiaarryy  bbrraanncchheess  

44..  DDeetteerrmmiinnaattee  ggrroowwtthh  hhaabbiitt  ffoorr  hhaarrvveessttiinngg  uunniiffoorrmm  pprroodduuccee  

55..  WWeellll  ddeevveellooppeedd  nnoodduulleess  

  RReesseeaarrcchh  ssttaattiioonnss::    

AA..  IInntteerrnnaattiioonnaall::  IInntteerrnnaattiioonnaall  CCrroopp  RReesseeaarrcchh  IInnssttiittuuttee  ffoorr  SSeemmii  AArriidd  TTrrooppiiccss  ((IICCRRIISSAATT)),,  

PPaattaanncchheerruu,,  HHyyddeerraabbaadd,,  AAnnddhhrraa  PPrraaddeesshh  

BB..  NNaattiioonnaall::  IInnddiiaann  IInnssttiittuuttee  ooff  PPuullsseess  RReesseeaarrcchh  ((IIIIPPRR)),,  KKaannppuurr,,    UUttttaarr  PPrraaddeesshh  

CC..  SSttaattee::  MMaaiinn  PPuullsseess  RReesseeaarrcchh  SSttaattiioonn,,  JJAAUU,,  JJuunnaaggaaddhh,,  GGuujjaarraatt    

  

IImmpprroovveedd  vvaarriieettiieess::  

  DDaahhoodd  yyeellllooww,,  CChhaaffffaa,,  IICCCCCC--44,,  GGuujjaarraatt  GGrraamm--11,,  GGuujjaarraatt  GGrraamm--22,,  GGuujjaarraatt  JJuunnaaggaaddhh  

GGrraamm--33,,  GGuujjaarraatt  GGrraamm--44,,  GGuujjaarraatt  GGrraamm--55  ((22001177))  aanndd  GGuujjaarraatt  JJuunnaaggaaddhh  GGrraamm--66  ((22001166))..  

 

ASSIGNMENTS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q– 1. Justify the following 

(i) Chickpea flowers are didelphous. 

 

 

(ii)  Chickpea is predominantly self pollinated crop. 

 

 

(iii)  The white bud stage is most suitable for crossing in chickpea. 

 

 



 

 

BREEDING VEGETABLE CROPS I:      

      POTATO,TOMATO, BRINJAL, CHILLI AND ONION 

 

POTATO 

 
 Potato (Solanum tuberosum L.) is one of the most important non-cereal food crops 

cultivated worldwide under various environmental conditions. Today potato has become 

an integral part of human diet and is the world’s fourth largest food crop, after rice, 

wheat and maize. Fresh potatoes contain about 78% water, 18.5% carbohydrates, 2.1% 

protein, 0.1% fat and 1.7% fiber. Nutritionally, it is superior food in term of supply of 

carbohydrates, proteins, minerals, and vitamin C and high quality dietary fiber. Potato is 

staple food in European countries and North America and a vegetable in the developing 

world including India. It is also used in the manufacturing of adhesives, paper and 

cosmetics and in pharmaceuticals. Keeping in view the importance of potatoes, the 

United Nations officially declared the year 2008 as the International Year of the Potato. 

Worldwide, about 329.58 million tones of potatoes were produced during 2009 from an 

area of 186.352 million ha with average productivity of 17.67 t/ha.  

1. Name of Crop : Potato 

2. Botanical Name : Solanum tuberosum L. 

3. Family : Solanaceae 

4. Chromosome Number : 2n = 48 

5. Center of Origin : Central & South America 

6. Mode of pollination : Cross pollination 

7. Percent cross pollination   >90%  

8. 

 

 

 

 

 

 

Cultivated Species 
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Diploid:S.stenotomum,S.goniocalyx,  

S. ajanhuiri, S.phureja 

Triploid:S. x chaucha, S. x juzepczukii 

Tetraploid:S.tuberosum ssp. andigena. 

S.tuberosum ssp. Tuberosum. S.hygrothermicum 

Pentaploid: S.curtilobum 

9. Related wild species : S. sparsipilum, S. leptophyes, 

S. megistacrolobum (2n=24),S. acaule (2n=48) 



 

 

 Floral biology: 

 The inflorescence may be simple or compound. 

 In simple inflorescence, the peduncle divide into secondary axis usually two in 

number.each of which forms amonochasial cyme. 

 In compound inflorescence, the secondary axis divides again to form amonochasial 

cyme. 

 The difference between simple and compound inflorescence lies in the degree of 

sub divisions of the main peduncle( short, medium or long). 

 Potato flowers are bisexual and possess all the four part of a flower. 

  

 

  



 The calyx is composed of five sepals united at their base to form a bell-shaped 

structure below the corolla. The colour of calyx may be green, red, purple or in 

combination. 

  The corolla consists of petals joined at the base and forms a short tube with a flat 

five lobed surface. Each lobe ends is a triangle point (acumen).the shape of corolla 

is generally round (rotate). However, pentagonal or star shaped. The colour of  

corolla may be white, light blue, blue, red or purple with different combination. 

 Androecium consists of five stamens. The stamens are composed of anther and 

filament joined to the corolla tube. Pollon dehiscence is through the pores. 

 The gynoecium of the flower is very well developed and pistil has three parts viz; 

the basal swollen region (ovary), the middle thin long region (style) and the flat tip 

(the stigma).the overy is superior, bilocular with axile placentation. The style is an 

elongated portion of the pistil connecting the sigma and ovary. The stigma is 

receptive portion of the pistil, where the pollen grains germinate to grow down the 

style for fertilization. 

 

 Breeding objectives: 

1. Higher yield, good keeping quality, combining resistance to late blight, 

viruses and insects. 

2. Biotic stress tolerance (water and temperature stress). 

3. Developing varieties for processing into chips, French fries and starch. 

4. Widely adaptable. 

5. Varieties should produce attractive, mediumsized, shallow eyed with good 

keeping and nutritional quality. 

 Breeding methods: 

 Conventional breeding approaches  

 Hybridization 

 Mutation breeding 

 Innovative breeding approaches likes; embryo culture, anther culture for 

haploid production, somaclonal variation, somatic hybridization, marker 

assisted selection, genetic transformation. 

 Improved varieties: Kufri sinduri, K. chandramukhi, Kufri Badshah, Kufri 

Badshah, JH-222 (Kufri Jawahar), Kufri Pukhraj, K. Pushkar , K. Surya and K. 

Chipsona-3, K. Garima and K. Gaurav, K. Mohan, K. Lima and K. Ganga, K. 

fryoM, Kufri Khyati (2019). 

 Research stations: 

1. National: Central Potato research Statiuon, Kufri, Shimla-171012 (HP) 

2. State: Potato Research Station, Sardarkrushinagar Dantiwada Agricultural 

University, Deesa, Dist- Banaskantha, Gujarat. 



TOMATO 

 
 Tomato is the second most important vegetable crop after potato. Its genetics is 

much studied among vegetable crops, resulted in the recognization of its commercial 

exploitation of hybrid vigor since last hundred years. The leading tomato growing 

countries in the world are the America, European countries, Japan and China. In India, 

tomatoes are grown in almost every state, out of doors in season and in glass and 

polyhouses for off-season markets. Tomato is a rich source of vitamins and minerals. 

 The plant is grown for its fruit, a fleshy berry, which is consumed fresh, canned or 

used to produce juice, sauces, pastes or powder. The seed yields 24 per cent oil, which is 

used in salad oil, margarines and soap. The number of seeds in a fruit may vary from 73 

to 346. 

1. Name of Crop : Tomato 

2. Botanical Name : Lycopersicon esculentum L. 

3. Family : Solanaceae 

4. Chromosome Number : 2n = 24 

5. Center of Origin : Peru, Equador and Bolivia 

6. Mode of pollination : Self pollination 

7. Out crossing Percentage   : 5-7%  

8. Related wild species : L. cheesmanii, L. parviflorum, L. 

chmielewskii, L. pennellii, L. hirsutum, 

L. chilense,             L. peruvianum  

 

Floral biology: 

 The inflorescence may arise terminally, opposite or between the leaves. 

 The flower is hermaphrodite, hypogynous and regular. 

   

 



 The individual flower is about three-quarters of an inch in diameter with a 5 to 10 

part green calyx that clings to the fruit until it matures. 

 There are usually six golden yellow petals that re-curve as they expand. 

 There are usually six stamens, which are united with their yellow anthers to form a 

tube or cone about one-half inch long that surrounds the pistil and with the re-

curved petals, gives the pendant flower a shooting star or rocket appearance.  

 Depending upon cultivars and environmental conditions, the style may range from 

slightly shorter than the tip of the anthers to as much as 2 mm beyond the tip, 

terminating with a capitate, simple, narrow or somewhat bulbous stigma. 

 The style elongates about the time the anthers begin to split at the terminal end and 

release their pollen into the styler tube. 

 The stigma is receptive to its own or other pollen 1 or 2 days before anther 

dehiscence, which favors cross-pollination. The stigma remains receptive for 4 to 8 

days. The construction of the anthers, delicately united with the filament, permits 

them to vibrate at the slightest touch and send a rain of pollen down the cone outlet 

and around the stigma. The pollen is more attractive to wild bees than honey bees. 

Selfing techniques: 

 Entire plants or branches of plant are covered with muslin cloth bags to ensure 

cent percent self pollination. 

Crossing techniques: 

 There are four to eight flowers in each compound inflorescences. 

 Stigma is cover with light protective anther cone. 

 Emasculation is carried out one day prior to anthesis/flower opening. At this stage, 

the sepals have stated to separate and the anthers and corolla are beginning to 

change from light to dark yellow. The stigma is fully receptive at this stage 

allowing for pollination even immediately after emasculation. 

 Anthers are removed as a group with or without the surrounding corolla, by 

inserting forceps between the sepals to grip the base of the anthers and/or petals 

which are then removed by a firm but steady pull. 

 Emasculated flower are pollinated with pollen grains next morning  

 Protect pollinated flower with small cotton bags or pollination bags. 

Breeding objectives: 

1. Higher fruits yield 

2.  Early maturity 

3. Indeterminate cultivars for green house production 

4. Resistance to diseases and insects 

5. Resistance to abiotic stresses 



6. Breeding for fruit quality 

(i) Appearance (ii) Colour (iii) Texture and firmness (iv)Flavor (v) Nutritional 

value (vi) Processing quality (vii) Fruit pH (viii) Titrable acidity (ix) Total 

Soluble Solids (TSS) (x) Viscosity (Consistency) 

Improved varieties: Gujarat Tomato-1, Gujarat Tomato-2, Junagadh Tomato-3, Pusa 

early dwarf, Pusa gaurav, Arka vikash and Arka saurabh 

Hybrid varieties: Pusa Hybrid-1 and Pusa Hybrid-2 

Research Stations: 

A. International: Asian Vegetable Research and Development Center (AVRDC), 

Shanhua, Taiwan. 

B. National: Indian Institute of Vegetable Research (IIVR), Varansi, Uttar Pradesh. 

C. State: Vegetable Research Station, JAU, Junaghadh, Gujarat. 

 

 

BRINJAL 

 
 The brinjal also known as “Egg plant” is a member of the nightshade family, 

along with the tomato, pepper and potato. Brinjal is grown commonly in almost all the 

parts of the country and liked by both poor and rich. It is a main vegetable to the plains 

and is available more or less throughout the year. It is primarily used as cooked 

vegetable and popular for the preparation of various dishes in different regions of the 

country. It is supposed to contain certain medicinal properties in ayurvedic medicines. It 

is rich in Vitamin A and B. 

Country and state   

1. Name of Crop : Brinjal, Egg plant, Guinea squash 

2. Botanical Name : Solanum melongena L. 

3. Family : Solanaceae 

4. Chromosome Number : 2n = 24 

5. Center of Origin : Central Asia 

6. Mode of pollination : Often cross pollination 

7. Out crossing Percentage   : 30-40%  

8. Related wild species : S. khasianum, S. aviculare  

 



Botanical varieties under the species S. melongena : 

No. Variety Group Fruit shape/Plant type 

1 S.  melongena var. esculentum Round or egg shape 

2 S.  melongena var. sorpentium Long and cylindrical 

3 S.  melongena var. depressum Dwarf type 

 

Floral biology: 

 The flower is bisexual and it contains stamens that dehisce at the same time when 

the stigma is receptive, thus, self pollination is the rule. However, upto 30-40 per 

cent cross-pollination is reported. 

 Inflorescence is often solitary but sometimes it constitutes a cluster of 2-5 flowers. 

Flower is complete, actinomorphic and hermaphrodite. 

 Calyx is five lobbed, gamosepalous and persistence. It forms a cup like structure at 

the base. 

   
Flower bud Open flower Parts of flower 

 

 Corolla is five lobbed gamopetalous with margin of lobes incurved. 

 Anthers are cone shaped, free and with apical dehiscence (Fig.11.3). 

 Pollen remains viable for 8-10 days. 

 Anthers starts dehiscence from 7.30 a.m. to 11.00 a.m. 

 Ovary is hypogynous, bicarpellary, syncarpous and with basal placentation. 

 Four types of flowers are found depending upon the length of the style 

1. Long style with big size ovary 

2. Medium styled with medium sized ovary 

3. Pseudo-short styled with rudimentary ovary, which do not producing fruits 

4. True short styled with very rudimentary ovary, which do not producing fruits. 

 Stigma receptivity is highest during anthesis i.e. flower opening. The receptivity of 

stigma can be observed from its plump and shiny appearance which gradually 

becomes brown with the loss of receptivity. 

 Stigma becomes receptive until about four days to flower opening. 

Selfing technique: 

 For effective and cent per cent selfing, entire plant or branches of plants are 

covered with muslin cloth bags. 



Crossing technique: 

 A healthy long or medium styled, well developed bud from the central portion of 

the plant is selected. 

 The bud is opened gently with the help of fine pointed forceps one or two days 

before the opening of the bud and all the five anthers are carefully removed. 

 Freshly dehiscing anthers are picked up and are slit vertically with fine needle to 

get sufficient pollen at the tip of the needle. 

 Collected pollens are applied on stigma of emasculated flower. 

 Pollinated flowers are labeled and covered with small pollination bag. 

Breeding objectives: 

1. Higher yield 

2. Earliness 

3. Fruit shape, size and colour as per consumer preference 

4. Low portion of seed 

5. Soft flesh 

6. Lower solanine content 

7. Upright sturdy plant free from lodging 

8. Resistance to bacterial wilt, phomopsis blight, little leaf, root knot nematode, shoot 

and fruit borer, jassids 

Research stations: 

A. International: Asian Vegetable Research and Development Centre (AVRDC), 

Shanhua, Taiwan. 

B. National: Indian Institute of Vegetable Research (IIVR), Varansi, Utter Pradesh. 

C. State level: Vegetable Research Station, JAU, Junagadh, Gujarat. 

Improved varieties: PLR-1, KS-224, Junagadh Ravaiya, DBSR-91, Gujarat Brinjal 

Long-1, Gujarat Brinjal Oblong-1, Pusa Purple long, Pusa Purple Cluster, Pusa 

Purple Round, Pusa Kanti and Pusa Bhairav. 

Hybrid varieties: Gujarat Brinjal Hybrid-1 and Gujarat Brinjal Hybrid-2 

 

CHILLI AND BELL PEPPER 

 
 Bell pepper and chilli are important vegetable crops. It is a constituent of many 

foods, add flavor, colour, vitamin-C and pungency to world food basket. Top 



chilligrowing countries are India, China, Turkey, Nigeria, Mexico, Spain, USA, 

Indonesia, Italy, Korea, Bulgeria, Netherlands, Egypt, Romania and Tunisia. 

 Red chilli contains high amounts of vitamin C and carotene (provitamin A). 

Yellow and especially green chilli contains a considerably lower amount of both 

substances. In addition, peppers are good source of vitamin B complex, and vitamin B6 

in particular. They are very high in potassium, magnesium and iron. There high vitamin 

C content can also substantially increase the uptake of non-heme iron from other 

ingredients in a meal, such as beans and grains.   

1. Name of Crop : Chilli, Bell pepper 

2. Botanical Name : Capsicum spp. 

3. Family : Solanaceae 

4. Chromosome Number : 2n = 24 

5. Center of Origin : As per Table  

6. Mode of pollination : Often cross pollination 

7. Out crossing Percentage   : Up to 80%  

8. Related wild species : C. eximum, C. minimum, C.cardenasii  

Table: Major species of genus Capsicum, their origin and plant description  

Sr. 

No. 

Botanical name Centre of 

origin 

Plant description 

1. C. annuum Mexico White flowers, blue to purple anthers, a 

toothed calyx and typically single-fruited 

nodes with the possible exception of an 

occasional double flowered axil in a lower 

main fork.  

2. C. chinense Amazonia White or greenish white flowers, blue 

anthers, a constricted, toothed calyx, and 

typically form one to three fruits per 

nodes. 

3. C. frutescens Amazonia Grennish flowers, a non-toothed, non-

constricted calyx that encloses the fruit 

base, blue anthers and mostly single 

fruited nodes but with a few double 

flowered nodes on each plant.  

4. C. pendulum Peru and 

Bilivia 

White flowers with the yellow corolla 

throat spots, yellow anthers, and the long, 

curved, characteristically pendant fruits 

pedicels and leaf petioles. 

5. C. pubescens Peru and 

Bilivia 

Larger, showy purple flowers, soft 

pubescens leaves, yellow orange fruits, 

and black seeds are unique.  

 

 

 



 Floral biology: 

1. Flowers are small, solitary in leaf axils or 2-3 or more together at the tip of 

branches and long pedicelled. Pedicels are erect, nodding at the tip, light green 

shortly pubescent, terete and 1.5 to 2.5 cm long and pentamerous. 

2. Calyx is minute, companulate, minutely abstrusely 5-toothed or sub truncate, 

yellowish green, glabrous and not or hardy enlarged under the fruit. 

3. Corolla is gamopetalous, patent, flat, yellowish or grayish white deeply 5-partite 

and 0.5 to 1.0 cm in diameter  

4. Stamens are five and erect. Anthers are bronze-green in colour. 

  

  

 

Selfing technique: 

 To ensure cent percent selfing branch or entire plant are covered with muslin cloth 

bags, net or cotton bag.  

Crossing technique: 

 Crosses can be made any time during the day morning hours are preferable. 

 Flowers are emasculate in bud stage just prior to anther dehiscence. 

 Emasculation is beginning with removal of petals from the flowers. Then carefully 

remove anthers with the help of forceps or needle without damaging the pistil. 

 Once petal should be removed bees usually do not visit the flowers so there is no 

need to cover emasculated flower. 

 If more than two flowers are present at a node, only one flower are kept and others 

are snipped off to reduce competition for food and space. 

 Mark emasculated flower with a clip for easy location the next day. 



 Stigma receptivity to pollen is highest on the day of anthesis, when fully developed 

anthers are still closed. 

 Pollen for crossing can be obtained at any time of day, with the most abundant and 

viable pollen coming from freshly dehisced anthers. Freshly dehisced anthers can 

be picked from the male parents and used to make the pollination. 

Breeding objectives: 

1. Higher green fruit yield 

2. Earliness 

3. Desirable fruit shape and size 

4. High oleoresin content 

5. Resistance to diseases like leaf curl virus, fruit rot, cercospora leaf spot, powdery 

mildew, bacterial leaf spot, phytophthora root rot, root knot etc.  

6. Resistance to insects like thrips, mites, aphid and fruit borer 

7. Resistance to abiotic stresses (heat, water stress, salinity) 

8. Breeding for superior fruit quality: (i) Pleasing flavor                      (ii) High sugar-

acid ratio (iii) High pigment content and vitamin C (iv) High capsaicin 

 

Research stations: 

A. International: Asian Vegetable Research and Development Center (AVRDC), 

Shanhua, Taiwan. 

B. National: Indian Institute of Vegetable Research (IIVR), Varansi, Utter Pradesh. 

C. State level: Vegetable Research Station, JAU, JUnagadh, Gujarat. 

Improved varieties: 

Chilli: Pusa Jwala, Pusa Sadabahar, Pant Chilli-1, Jawahar-218, Gujarat Chilli-1 and 

Gujarat Chilli-2 

Bell Pepper: California Wonder, Arka Mohini, Arka Gaurav, Arka Basant and Pusa 

Deepti 

Hybrid varieties: ACH-15 and ACH-30  

 

 

 

 

 

 

 

 

 



ONION 

 
 Onion is one of the oldest vegetables grown throughout the world. A global 

review of major vegetables show that onion ranks second after tomato in area. The 

leading onion growing countries are China, India, USA, USSR, Japan, Spain, Brazil, 

Italy, Egypt and Pakistan. In India, It is grown in Mahrastra, Gujarat, Andhra Pradesh, 

Bihar, Kanataka, Madhya Pradesh, Oriss, Tamil Nadu and Uttar Pradesh. 

 Onion is used in a large number of recipes and preparations spanning almost the 

totality of the world’s cultures. It is now available in fresh, frozen, canned, caramelized, 

pickled, powdered, chopped, and dehydrates forms. Onion can also be used, usually 

chopped or sliced, in almost every type of food, including cooked foods and fresh salads 

and as a spicy garnish. 

 

1. Name of Crop : Onion 

2. Botanical Name : Allium cepa  L. 

3. Family : Alliaceae (liliaceae) 

4. Chromosome Number : 2n = 16 

5. Center of Origin : Central Asia (Pakistan, Iran) 

6. Mode of pollination : Cross pollination 

7. Out crossing Percentage   : 95 to 100%  

8. Related wild species : A.vavilovii, A. galanthum   

Floral biology: 

 The flowers are protandrous and cross-pollination is mainly achieved by honey 

bess. 

 The flowering stalk of onion is an apical extension of the stem but without nodes 

and internodes. 

 The flowering stalk of onion is an apical extension of the stem but without nodes 

and iternodes. 

 The growth of flower stalk ceased when umbels starts to flower. 

 Spherical umbel which terminates the stalk may have 50 to 2000 flowers. Each 

flower is attached to a slender pedicel. 

 Each individual flower contains 6 stamens, 3 carpels united into one pistil and 6 

perianth segments. 



  

  
 

Plant parts Inflorscence Flower structure 

 

 The pistil contains 3 locules each of which has 2 ovules  

 Anthers shed pollen over a period of 3-4 days prior to time when full length of style 

attained. Thus stigma becomes receptive 3-4 days after shedding of pollen grains. 

 The flower also contain nectarines which secrete nectar to attract insects for cross 

pollination. 

Selfing technique: 

 Onion is a self-incompatible crop so selfing induces reduction in vigour and 

appearance of sterile plants in the populations. Therefore, sufficient amount of seeds 

cannot be produced. Thus, selfing in onion is done only on a limited scale as it becomes 

difficult to maintain the inbred lines beyond S2 generation. 

 Putting individual cages over the plants carries out Selfing. Honey bees are 

generally used to ensure pollination within cages. Sometimes it is convenient to enclose 

2-3 umbels of the same plant in a muslin cloth bag before anthesis. After anthesis, the 

umbels are rubbed with soft puff against each other daily for a few days to ensure self 

pollination. 

Crossing technique: 

 As soon as few buds in an umbel open, the whole umbel of the female parent is 

bagged in a muslin cloth bag. 

 The flowers are removed daily for a few days until the peak flowering has reached 

after which buds are emasculated as they open and when sufficient buds have 

been emasculated. The remaining young flower buds are removed. 

 The umbel of pollen parents covered by a muslin cloth bag is cut off and its stalk 

placed in glass bottle filled with water. This bottle is fasted to a bamboo/wooden 

stake and fixed in soil close to the female parent. 

 Female parent umbel and the pollen parent umbel are now enclosed in the same 

common bag. 



 For a few days in the morning, the male umbel is gently rubbed over the 

emasculated umbel to ensure pollen shedding and cross pollination. A few 

common house flies can also be introduced into the bag for pollen transfer. 

Breeding objectives: 

1. Higher bulb yield 

2. Early maturity 

3. Self-topping habit and more storage life (Shelf life) 

4. High Total Soluble Solid (TSS) content 

5. Breeding varieties for dehydration purpose 

6. Resistance to diseases (Purple blotch, Basal rot, Stemphylum blight, Bacterial 

storage rot) 

7. Resistance to insect pests (Thrips and Jassids) 

8. Resistance to abiotic stresses (Moisture stress, High temperature, Salinity) 

9. Bulb quality: (Bulb size, shape and colour, bulb weight, bulb pungency, bulb 

firmness etc.) 

 

Research stations: 

A. International: Asian Vegetable Research and Development Center (AVRDC), 

Shanhua, Taiwan. 

B. National: National Research Center for Onion and Garlic, Rajgurunagarm, Pune, 

Maharastra. 

C. State level: Vegetable Research Station, JAU, Junagadh, Gujarat. 

Improved varieties: 

Kharif: Agrifound Dark Red, N-53, Agrifound White and Phule Safed, 

Rabi: Agrifound Light Red, Pilipatti, Talaja Red, Arka Niketan, Gujarat White Onion-1 

and Agrifound White. 

Hybrid varieties: Arka Lalima and Arka Niketan 

 

 

SUPPLIMENTARY EXERCISE 

Q-1 Describe floral biology of tomato, brinal, chilli, okra and onion with suitable 

diagram. 

Q-2 How selfing and crossing is carried out in tomato, brinal, chilli, okra and 

onion? 

Q.3 Enlist the important wild relatives of tomato, brinal, chilli, okra and onion. 

Q-4 List out breeding methods adopted for improvement of tomato, brinal, chilli, 

okra and onion. 



Q-5 Enlist important breeding objectives of tomato, brinal, chilli, okra and onion. 

Q-6  Mention International, National and State level research stations of tomato, 

brinal, chilli, okra and onion. 

Q-7 Write the improved varieties/hybrids varieties of tomato, brinal, chilli, okra 

and onion. 

  

*********** 

 

 

BREEDING SUGAR CROP: SUGARCANE 

 
 

Sugarcane is an important sugar crop in all the countries of tropical Asia. 

Sugarcane is grown in more than 110 countries. The world’s largest producer of 

sugarcane is Brazil, followed by India, China, Thailand, Pakistan, Mexico, Columbia, 

Australia, America and Phillipines. The state having substantial sugarcane are in India 

are, Utter Pradesh, Maharastra, Haryana, Andhra Pradesh, Tamil Nadu, Karnataka, Bihar 

and Punjab. The sugar industry is the second largest agro-based industry in India in 

terms of economic gains and employment potential. 

Sugarcane products include table sugar, falernum, molasses and ethanol. The 

bagasse that remains after sugarcane crushing may be burned to provide heat and 

electricity. Because of its high cellulose content, serve as raw material for making paper 

and cardboard. In Brazil, ethanol extracted from sugarcane is blend with petrol for 

running vehicle. 

1. Name of Crop : Sugarcane 

2. Botanical Name : Sachharum officinarumum L. 

3. Family : Poaceae 

4. Chromosome Number : 2n = 80 

5. Center of Origin : (1) New Guinea and (2) North India 

6. Mode of pollination : Cross pollination 

7. Out crossing Percentage   : 42-50 per cent  

8. Related wild species : As per Table  

 



Table: Cultivated and wild relatives of sugarcane with chromosome number 

No. Name of species No. of Chromosome Remarks 

1. Saccharum officnarum 2n=80 Cultivated 

2. Saccharum sinense 2n=116, 118 Cultivated 

3. Saccharum barberi 2n=82 to 114 Cultivated 

4. Saccharum spontaneum 2n=40,58,120 Wild type 

5. Saccharum robustum 2n=60 to 148 Wild type 

Sugarcane is highly heterozygous due to high chromosome number and complex 

ploidy levels (due to hybridization of several genomes) 

S. sinense S. barberi S. spontaneum

 

Origin of sugarcane: 

 Two geographic centres of origin are (1) New Guinea and             (2) North India. 

The Indian sugarcane S. sinense and S. barberi might have originated by natural 

hybridization between Saccharum officinarum and Saccharum spontanem. The large 

barreled, tropical species of S. officinarum originated from S. robustum in new Guinea. 

It migrated from its centre of origin to other places and was modified by natural 

hybridization with a species of related genus, either Erianthus maximum (2n=60 to 100) 

or Sclerostachya fusca (2n=30). 

Floral biology: 

 Photoperiod is an important factor for flowering sugarcane. It flowers all the year 

round at equator, where day length is constant for 12 hours. Warm nights, humid 

conditions and high rainfall favours flowering, while cool weather and high altitude 

where the day length varies affecting the flowering. 



 
 

Sugarcane flowers Parts of Flower 

 

 The inflorescence is a panicle called arrow, contains many flowers (about 10,000 

to 50,000 individual spikelets) 

 The flowers are in pair, one sessile (without petiole) and one pedicellate (with 

petiole). The sessile spikelet flowers before the pedicellate spikelet. 

 The stamens are three and stigma is feathery and bifurcated. 

 The flowers open in the morning between 5 and 6 a.m. About 7 to 14 days are 

required for an arrow to complete the flowering 

 The flowers show a wide range of fertility, rangimg from male sterility to high 

pollen fertility. Generally, the flowers are protogyny in nature. 

 The seeds produced are extremely small in size, often poorly developed and 

invisible. 

Selfing technique: 

  

Covering the arrow in a lantern (A bamboo frame work or cage like structure which 

covered a muslin cloth bag or a polyethylene) before anthesis to ensure selfing. 



Crossing technique:  

 Due to small size and large number of flowers on arrows and tall plant height 

emasculation is not practicable. 

 The female parent is selected on the basis of protogyny, male sterility or late 

pollen shading. 

 

 

 The crossing is attempted by any of the following three methods. 

1. The male and female parent is planted closely. The male and female arrows are 

enclosed in a single lantern. 

2. The arrows from male parent are cut-off and cut end of arrow is kept in weak 

sulphur dioxide solution (arrow can be kept alive) and then these arrows are 

dusted on female arrows. 

3. Marcotting procedure (technique): 

This procedure was first used in India and now it is adopted by several countries. 

The procedure in which a plastic sleeve containing a growth medium is secured about 2 

to 3 nodes above the base of the stalk to induce rooting is called marcotting. In this 

technique, healthy female clones are selected. 

 
 

Marcotting procedure Root Development 

 



1. Just prior to flowering, a polyethylene strip containing a mixture of moist potting 

soil is wrapped around a bud of the sugarcane stalk about two nodes above the 

ground level. 

2. Roots will develop on the stalk within 10 days where the bud has been marcotted. 

3. The cane is cut below the rooted portion and taken to the crossing area, where 

they are transplanted in a big plots containing soil. 

4. Clusters of such 3-4 female arrows are usually kept in a lantern and pollination is 

carried out either by enclosing male and female arrows under same lantern or by 

dusting the pollen. 

Flowering is undesirable in commercial canes: 

1. Plant stops growing and matures rapidly after the appearance of the flowering 

stalk. 

2. Reduction in cane and sugar yield as the food is diverted towards growing 

inflorescence. 

3. Sugarcane stalk becomes hollow. 

Breeding objectives: 

1. Higher cane yield 

2. High sucrose content 

3. Early to full season maturity 

4. Resistance to lodging  

5. Resistance to abiotic stresses (forst, drought and water logging) 

6. Resistance to diseases and pests. 

7. Breeding for quality: (i) Sugar content of juice (ii) Quality of juice and  

(iii) Milliability 

Millability: It refers to the characteristics of the canes that make it possible to recover 

the sucrose from the stalk by normal methods of extraction.  

Desirable characteristic for good milliability: 

(i) Moderate hardness of rind (dark) 

(ii) Good length of fibers 

(iii) Long internodes 

(iv) Low- fiber: sucrose ratio 

(v) Good fiber quality for paper making 

 

Research stations: 

A: National: 1. Sugarcane Breeding Institute (SBI), Coimbatore, Tamil Nadu.   

2. Indian Institute of Sugarcane Research, Lucknow, Uttar Pradesh. 

B: State level: Sugarcane Research Station, JAU, Kodinar, Gujarat. 



Improved varieties: Co-791, Co-775, Co-6806, Co-6304, Co-7602, CoC-671, Co-7527, 

Co-62175, Co-8338, Co-87263, Gujarat Sugarcane-1, Gujarat Sugarcane-2 Gujarat 

Sugarcane-3, Gujarat Sugarcane-4, Gujarat Sugarcane-5, Gujarat Sugarcane-6, 

Gujarat Sugarcane-7 

 

 

SUPPLIMENTARY EXERCISE 

Q-1 Describe floral biology of sugarcane with suitable diagram. 

Q-2 How selfing and crossing is done in sugarcane?  

Q.3 Enlist the important wild relatives of sugarcane.  

Q-4 List out breeding methods adopted for improvement of sugarcane. 

Q-5 Enlist important breeding objectives of sugarcane. 

Q-6  Mention National and State level research stations of sugarcane. 

Q-7 Write the improved varieties sugarcane. 

Q-8 What is marcotting procedure. Give in detail. 

Q-9 Why flowering in commercial cane is undersirable? 

  

*********** 

 

  

BREEDING FOR FORAGE CROP: LUCERNE 

 
 

 Cultivated alfalfa (Medicago sativa L., 2n = 4x =32), often called '' queen of the 

forage” 

 Lucerne or alfalfa (Medicago sativa) is a deep-rooted, temperate, perennial 

pasture legume 

 It is most productive and nutritious forage crop grown for silage. 

 Lucerne is allogamous (Cross pollination) plant, generally self-incompatible and 

pollinated by various insect species. 

 General characteristics: 

 Rabi fodder crop 

 Perennial forage 

 Nitrogen-fixer 



 Fast growing 

 Highly palatable and digestive 

 High nutrient value 

 Drought and frost tolerant 

 

 

1. Name of Crop : Lucerne 

2. Botanical Name : Medicago sativa L. 

3. Family : Fabaceae 

4. Chromosome Number : 2n = 32 

5. Center of Origin :  South-central Asia 

6. Mode of pollination : Cross pollination 

7. Out crossing Percentage   : -  

8. Related wild species : As per table 

 

 Chromosome number and wild relatives: 

Sr. 

no.  

Cultivated spp  No. of Chromosome  Remarks 

1 Medicago sativa  2n = 32  Cultivated, perenial  

2  Medicago falcate 2n =16 Diploid wild, perenial 

3 Medicago coerulea  2n =16, 32 Diploid wild, perenial 

 

 Floral biology 

 Flowers are generally purple. 

 They are typical pea shaped, 12-15 mm long. 

 They developed in dense clusters of 20-30 flowers at the tips of the 

branches. 

 The inflorescence is pyramidal branched panicle, flowers are sessile form 

spikes, spikelets often with stamens 3 and gynoecium is superior one called 

ovary, bifid stigma.   

 Blooming normally begins near the apex of the inflorescence and 

progresses more  or less regularly towards the base.  Blooming favoured at 

temperature 20 to 250C.   

 There is wide variations in anthesis of flowers. 

 The flowers are typical legume types; Calyx 5 united; Corolla 5 – Standard 

1, Wing 2, keel 2 free, stamens 10 (9+1 or 8+2, Staminodes in few), 

Gynoecium superior, monocarpellary.  

 The petals partially joined and enclose the stamens and pistil. 

 In alfalfa or lucerne (Medicago sativa) pollen is dispersed by an explosive 

action commonly known as tripping. 



    

 Problems in forage crops: 

1. Most forage species are cross pollinated, makes it difficult to propagate and 

maintain the identity of lines due to heterozygous in nature. 

2. Self incompatibility 

3. Small floral parts.  This makes difficult in hybridization. 

4. Apomixis 

5. Poor seed production and low viability of seeds 

6. Difference in performance in wider and close (normal) spacing, grazing 

management etc., 

7. Polyploidy 

8. Variation in different reproductive systems 

9. Since most of them are perennials, require many years to evaluate the genotypes. 

10. Many of forage produce weak seedlings and hence crop establishment is not 

satisfactory. 

 Crossing technique 

1. Hand emasculation and pollination (as in sorghum). 

2. Bagging inflorescence of parent clones following emasculation of the seed 

parent.  Paper covers are used for covering the inflorescence. 

3. Mutual pollination by bagging together the inflorescence of the parent clones 

without emasculation. 

4. By hot water method:  panicle is immersed in hot water with temperature around  

40 to 450C for about 5 minutes. 

 Breeding Objectives: 

 Forage yield 

 Nutritive value 

 Seed yield 

 Cold tolerance 

 Drought tolerance 

 Salinity tolerance 

 Disease and Insect Resistance 

 Breeding Procedure: 

 Individual plant selection 

 Mass selection 



 Inbreeding and hybridization 

 Recurrent selection 

 Synthetic varieties 

 Composite varieties 

 Research station: 

 National: ICAR- Indian Grassland and Fodder Research Institute Gwalior      

                Road, Jhansi-284003, Uttar Pradesh 

 State:       Main Forage Research Station, Anand 

 Released varieties: AL-3, AL-4 

 

 

 

 

 

BREEDING FOR GARLIC 

 
 

Garlic is the second most widely used cultivated Allium after onion. It has long 

been recognized all over the world as a valuable spice for foods and a popular remedy 

for various ailments and physiological disorders. It is grown throughout Pakistan and 

consumed by most of the people. It is used all over the world for flavouring various 

dishes. 

They have a characteristic pungent, spicy flavor that mellows and sweetens 

considerably with cooking. The distinctive aroma is mainly due to organosulfur 

compounds including allicin present in fresh garlic cloves and ajoene which forms when 

they are crushed or chopped.  

The bulb is made up of many smaller bulbs covered with a papery skin known as 

cloves. Although garlic is known as the "stinking rose" it is actually a member of the 

lily family. The most active components of fresh garlic are an amino acid called alliin 

and an enzyme called allinase. 

 

1. Name of Crop : Garlic 

2. Botanical Name : Allium sativum L. 

3. Family : Amaryllidaceae 

4. Chromosome Number : 2n = 16 

5. Center of Origin : Central Asia and northeastern Iran 

6. Mode of pollination : Self and Cross pollination 



7. Out crossing Percentage   : -  

8. Related wild species : - 

 

Garlic plants grow about 60 cm (2 feet) tall. Depending on the variety, the 

long leaves typically arise from a short hard stem above the bulb or emerge from a softer 

pseudostem made up of overlapping leaf sheaths. The bulb is covered with membranous 

skin and encloses up to 20 edible bulblets called cloves. The spherical flower cluster is 

initially enclosed in a pair of papery tapered bracts; the bracts split open when the green-

white or pinkish flowers bloom. Flower stalks sometimes arise bearing tiny bulbils (tiny 

secondary bulbs that form in place of flowers) and sterile blossoms. Garlic is usually 

grown as an annual crop and is propagated by planting cloves or top bulbils, though 

seeds can be also be used. 

 

  
 

 Breeding Objectives : 

 High yield  

 Bulb quality 

 Size, shape, color, pungency, ...  

 Resistance to abiotic stresses (moisture stress, high temperature, salinity 

and alkalinity)  

 Resistance to pests(thrips)  

 Resistance to diseases (purple blotch, basal rot, stem phyllium blight, 

bacterial storage rot)  

 Longer bulb storage life  

 Research Station: 

 National: Directorate Of Onion and Garlic Research (DOGR), 

Rajgurunagar, Maharashtra 

 State: Vegetable Research Station, JAU,Junagadh, AAU, Anand 

 

 

 Released variety: 

Bhima super, Bhima Dark red, Bhima red,Bhima Sweta, Bhima Shubhra 

Gujarat Garlic-2,3,4 and 5. 

 

https://www.britannica.com/science/leaf-plant-anatomy
https://www.britannica.com/science/bulb
https://www.britannica.com/science/bract-plant-structure
https://www.britannica.com/science/flower
https://www.britannica.com/science/bulbil
https://www.britannica.com/science/annual
https://www.merriam-webster.com/dictionary/propagated


BREEDING FOR CUMIN 

 
 Cumin is a drought-tolerant, tropical, or subtropical crop.  

 Cultivation of cumin requires a long, hot summer of three to four months. 

  At low temperatures, leaf colour changes from green to purple.  

 The main producers of cumin are China and India, which produces 70% of 

the world supply and consumes 90% of that (which means that India 

consumes 63% of the world's cumin).  

 Mexico is another major producer. In total, around 300,000 tons of cumin 

per year are produced worldwide. 

 Cumin oil which is used for a variety of flavors, perfumes, and essential 

oil. Cumin oil may be used as an ingredient in some cosmetics.  

1. Name of Crop : Cumin 

2. Botanical Name : Cuminum cyminum L. 

3. Family :  Apiaceae 

4. Chromosome Number : 2n = 14 

5. Center of Origin : Egypt and the Middle East.  

6. Mode of pollination : Cross pollination 

7. Out crossing Percentage   : 2.34 % 

8. Related wild species :  Bunium persicum,    

Bunium bulbocastanum  and 

Nigella sativa are sometimes 

called black cumin  

 Floral biology: 

 Flowers arranged in umbels. The umbel is a type of inflorescence, 

similar to an inverted umbrella, which is formed because all 

the flower stalks are joined to the stem by the same point. 

 The flowers are so small that artificial emasculation and cross-

pollination is extremely difficult. As the artificial hybridization could 

not be done, the genetic studies are limited only to the study of 

segregating generations of chance hybrids between pink and white 

flowers 

 The study of such crosses revealed that flower color is a single gene 

controlled character, pink being dominant over white. 

 

 

 

https://en.wikipedia.org/wiki/Perfume
https://en.wikipedia.org/wiki/Essential_oil
https://en.wikipedia.org/wiki/Essential_oil
https://en.wikipedia.org/wiki/Cosmetics
https://en.wikipedia.org/wiki/Apiaceae
https://en.wikipedia.org/wiki/Bunium_persicum
https://en.wikipedia.org/wiki/Bunium_bulbocastanum
https://en.wikipedia.org/wiki/Nigella_sativa


  

Cumin seed Cumin flower 

 

 

 Breeding objectives: 
 Resistance to blight 

  Resistance to powdery mildew  

 Breeding for high yield  

 Volatile oil content  

 Seed size, colour and luster 

 

 Research Station: 
 National: Indian Institute of Spices Research, Calicut, Kerala. 

 State: Spices Research Station , Jagudan (Gujarat) 

 

 Released varieties: 
Guj. Cumin-1, 2 & 3, RZ-19, MC- 43, RZ -223 

 

 

 

 

 

 

 

 

 

 

 



BREEDING FOR CORIANDER 
 

 
 

1. Name of Crop : Coriander 

2. Botanical Name : Coriandrum sativum L. 

3. Family : Apiaceae 

4. Chromosome Number : 2n = 22 

5. Center of Origin : Mediterranean region 

6. Mode of pollination : Cross pollination 

7. Out crossing Percentage   : - 

8. Related wild species : Coriandrum tordylium. 

 

 Flower Biology: 

The flowers are borne in small umbels, white or very pale 

pink, asymmetrical, with the petals pointing away from the 

center of the umbel longer (5–6 mm) than those pointing 

toward it (only 1–3 mm in long). 

 
 

 Breeding objectives: 

 High yield  

 Volatile oil content  

 Powdery mildew resistance  

 Stem gall resistance  

 Seed size, shape and luster 

https://en.wikipedia.org/wiki/Apiaceae
https://en.wikipedia.org/wiki/Flower
https://en.wikipedia.org/wiki/Umbel


 Research Station: 

 

National: Indian Institute of Spices Research, Calicut, Kerala. 

State: Spices Research Station , Jagudan (Gujarat) 

 

 Varieties released: 

CO. 1, 2 & 3, CS-287, Guj. Coriander-1 & 2, Rajendra Swathi, 

Rajendra Swathi, RCr-41, Sadhana, Swathi, Sindhu, RCr-20, RCr-435, 

RCr-436, RCr-684, Hisar Anand, UD-446, Hisar Sugandh, DH-246 

 

 

******* 


