
 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, M. 

P., Punjab, Rajashthan, Maharashtra, 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 extant 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 Macroni Wheat 

(Irrigated or rainfed)  

T.dicoccum (Emmer or Khapli wheat) 

3. Family : Poaceae 

4. Chromosome Number : As per Table 1.1 

5. Center of Origin : Diploid: Asia minor 

Tetraploid: Abyssinia, North Africas 

Hexaploid: Central Asia 

6. Mode of pollination : Self pollination (Chasmogamy) 

7. Out crossing percentage : < 1 per cent 

8. Related species 

 

: As per Table 1.1 

Polyploid: 

An organism with more than two basic or monoploid sets   of chromosome is called 

polyploid and such condition is known as polyploidy. 

Autopolyploid: 

Autopolyploids are polyploids with multiple chromosome sets derived from the same 

species. 

Autopolyploids can arise naturally or can be produced artificially. 

Allopolyploid: 

Allopolyploids originated by combining complete chromosome sets from two or more 

different species. 

In the F1, hybrid, fertility can be restored by chromosome doubling. 
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Triticale is an example of an allopolyploid (six chromosome sets, allohexaploid, four from 

wheat (Triticum turgidum) and two from rye (Secale cereale)). Amphidiploids are a type of 

allopolyploids (they are tetraploid, containing the diploid chromosome sets of both parents).  

 

 

Mode of origin of tetraploid and hexaplaoid wheat:  

 

Tetraploid Wheat 

Triticum monococcum  

     2n= 14 (AA)  

X 

 

           Unknown  

   (Aegilops spelltoides) 

           2n=14 (BB)  

F1 (AB) Diploid in nature 

 

 

 

Chromosome Doubling 

2n= 4x=28 (AABB) Tetraploid 

(Triticum turgidum –durum wheat) 

 

--------------------------------------------------------------------------------------------------------------- 

 

 

                                                      Hexaplaoid wheat 

 

 

Triticum turgidum  

2n= 28 (AABB) 

X 

 

T. tauchii  

2n= 14 (DD)  

                                                  F1 (ABD)  

                                                    2n=21  

 

 

 

2n= 6x= 42, AABBDD, Hexaploid  

(Triticum aestivum)  

                                               Hexaploid Wheat 

 

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:1.1 Classification of wheat species as per ploidy level 

Sr  

No.  

Species  Chr  

No.  

(2n)  

Genome 

Formula  

Common 

Name  

Diploid species (Natural group: Einkorn) 

1  T. boeticum 14 AA Wild 

Einkorn 

2  T. monococcum  14  AA  Einkorn 

3  Aegilops speltoids  14  SS  - 

4  Triticum dichasians  

(Aegilops caudata)  

14  CC  - 

5 Triticum tauchii  

(Aegilops squarrosa)  

14  DD  - 

6 Triticum comosum  

(Aegilops comosa) 

14 MM - 

7  Triticum umbellulatum 

(Aegilops umbellulata)) 

14 UU - 

Tetraploid species: (Natural group: Emmer) 

1 T. dicoccoides 28 AABB Wild Emmer 

2 T.dicoccum 28 AABB Emmer or Khapli 

3 T. durum 28 AABB Duram or Macaroni 

wheat 

4 T. turgidum 28 AABB Rivet wheat 

5 T. polonicum 28 AABB Polish wheat 

6 T. timpheevii 28 AAGG - 

7 T. araraticum 28 AAGG - 

Hexaploid species (Natural group: Dinkel) 

1 T. aestivum  42  AABBDD  Bread wheat  

2 T. compactum  42  AABBDD  Club wheat  

3 T. spelta  42  AABBDD  Spelt wheat  

4 T. macha 42 AABBDD Macha wheat 

5 T. sphaerococcum 42 AABBDD Dwarf wheat 



6 T. vavilovi 42 AABBDD - 

7 T. zhukovskyi  42 AAAAGG - 

 

Distribution of cultivated wheat species in India:  

 There are three species of wheat namely, Triticum aestivum, Triticum durum and                    

T. dicoccum grown on commercial basis in India.  

 Out of total wheat area of the country, Triticum aestivum is grown on 90 to 95 % area, 

followed by Triticum durum 05 %. T. dicoccum is confined largely to the southern 

region mainly Karnataka and Southern Maharashtra.   

 

Floral biology: 

 

 The inflorescence of wheat called as Ear or head or spike.  

 The Primary axis of spike is called as rachis which bears two opposite rows of lateral 

spikelets and single terminal spikelet and has zigzag appearance. 

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

spikelets, which are sessile. Each spikelet contains two subtending sterile bracts or 

glumes enclosing 2-7 florets born alternately on as short axis called as rachilla.  

 Each floret consists of outer parianth called the lemma and thin two-keeled parianth 

called the palea.  

 These lemma and palea encloses two lodicules and sexual organs. The lemma covers 

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

 Sexual organs consist of 3 stamens and single pistil. 

 Each stamen is made up of a filament and a yellow anther which produce about 1000-

4000 pollen grains. 

 Pistil consists of monocarpellary superior one ovary bearing two short styles bifurcated 

feathery stigmas.  

 Florets at anthesis are forced open by the swelling of the lodicules. Stamens filaments 

elongate three times their original length in about 3 minutes and  thus stamen  exert 

quickly and expose the anthers.  

 

 



 
 

 

 

Anthesis 

• 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.  

• Flower maturity starts from the middle part of the spike and proceeds in both 

directions. 

• Flowering continues throughout the day and 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 unfavourable for the opening of the glumes the anthers may 

shed their pollen without being extruded (emerged). 



• Stigmas are receptive for 4 to 5 days under different condition but pollen is viable for 15 to 

30 min. 

• Pollen remains viable for a very short period, usually not more than 15-30 minutes. 

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

 

Selfing technique:         

 The spike is to be covered with butter paper bag prior to flowering to avoid the 

crossing and then labelled it.  

Emasculation technique:         

 Select spike in which anthesis will occur one or two days later. 

 Remove awns with the help of scissors in such a way that small portion of glume, 

lemma and palea is also cut. This will ease the removal of anthers. 

 One fourth (1/4) lower and upper florets are removed. Keep 16-20 spikelets only with 

the help of fine forceps, remove all three anthers in the evening or early morning. 

Take care that stigma should not be injured.  

Crossing technique:         

 Check the emasculated spike with a magnifying lance to ensure no anther left in the 

floret. 

 Bagging and labelling is done. 

 Pollination is done on the next morning or on the 2nd day depending upon the weather 

condition and stigma receptivity.  

 Select the spike for pollination from pollen parent and remove it from plant. Keep the 

spike in the sunlight for 10-15 minutes. Anthers will burst and pollen grains will be 

released.  

 The pollen grains are dusted on all the sides of emasculated spike.  

 Bag the pollinated spike and label it properly. 

Breeding objectives: 

(1)  Higher 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.  

(2)  Lodging Resistance 

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 Quality: 



a) Breeding for physical quality: The objective is to develop a variety with well 

accepted physical characteristics like colour vitreousness, texture/hardness, 

appearance, grain weight, test weight etc. 

b) Breeding for chemical composition: 

i. Starch composition: Modification of functionality of starch and amylase and 

amylopectin content as per desirable end product such as noodles, pasta, 

thickness, binding agents, bread etc. If the objective is to produce starch with 

no amylase, then breeding for waxy type wheat would be necessary 

ii. Protein content: Wheat grain has a special significance of breeding for high 

protein and low protein for bread and biscuit purposes respectively and also 

for different end products. 

iii. Nutritional quality: Wheat grains are deficient in lysine content. Efforts are 

needed to improve lysine as well as high protein content to improve nutritional 

quality of wheat.  

iv. Breeding for market quality market quality: Includes physical 

characteristics, flour recovery milling quality, dough quality as well as gluten 

content useful for specific product. 

 (4)  Disease resistance: Rust is the major disease. The black or stem rust, brown leaf rust 

and yellow or stripe 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. 

 (5)   Insect resistant: The termites, aphids, armyworm, American pod borer and brown 

mite are the major pest of wheat which are mostly controlled by chemically. 

(6)  Early maturity 

(7)  Drought resistance 

(8)  Winter hardiness 

 

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 number of successful derivatives were developed at IARI New Delhi and Punjab. 

However all these varieties were lodging and poor yielder 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 

           To get Hessian fly resistance. So also for rust resistance. 



c)  Back cross method of breeding: Incorporated the genes for rust resistance in Indian     

            wheat varieties through backcross which led to development of several near isogenic  

            lines.   

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. Swaminathan 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.  

7.  Biotechnology in wheat Improvement: 

Biotechnological tools could be used for utilization of gametoclonal variation, genetic 

selection for biotic and abiotic stresses, gene transfer through embryo rescue, 

protoplast technology, somatic hybridization, and recombinant DNA technology. 

Somaclonal variation have been observed for plant height, size and shape of leaves, 

length of awns, fertility of spike, and size, shape and colour of seed. Callus, 

embryoids or haploid plant have been obtained from anther culture of T. aestivum.  

8.  Molecular Markers and wheat breeding: 

Despite of low variability in wheat, extensive molecular maps have been prepared and 

as many as 36 traits have been tagged using molecular markers. The availability of 

large number of molecular markers in wheat suggests their use in intra-specific 

analysis, comparative analysis, gene introgression studies as well as  marker assisted 

selection. 

 

Ideotype Breeding:  

 To cope up the ever increasing demand of wheat the approach for achieving quantum 

jump in the productivity is to restructure the wheat plant archetechure which can yield 

up to 8 tone/ ha. 

 The Indian Agricultural Research Institute, New Delhi developed new plant 

type(NPT) of wheat utilizing a local germplasm and released wheat’s genetic stocks, 

which have high 1000 grain weight, high grain number per strike, higher biomass, 

thick, broad, semi erect and dark green leaves, thick stem, plant height 85-100 cm and 

good root system.  

 In this NPT genotype the negative correlation between grain weight and grain number 

per spike has been broken. These genotypes are also having post-anthesis 

mobilization of stem reserve to sink. 

Research stations: 

A. International:  



International Maize and Wheat Improvement Center (CIMMYT), Mexico. 

B. National:  

• Directorate of Wheat Research (DWR), Karnal, Haryana. 

• All India Coordinated Wheat Improvement Project (AICWIP) – Karnal 

(earlier New Delhi) 

C. State level:  

Main Wheat Research Station, SDAU, Vijapur, Gujarat. 

  

Practical Achievements: 

• The semi dwarf varieties has been developed by CIMMYT at  Mexico  which resulted 

in the green revolution.  

• The Japanese line Norin 10 has been utilized as source of dwarfing gene. 

• The productivity of dwarf variety is about two and half time more than the old tall 

variety and also they are lodging resistance and fertilizer  

Improved varieties: 

• Triticum aestivum group:  

• Lok-1, GW-496, GW-503, GW-190, GW-173, GW-273, GW-322 and GW-366.  

• Triticum durum group:  

• GW-1, GW-2, Raj-1555, HI-8498 and GW-1139.  

 

Exercise: 

Q-1 Define or explain the following terms: 

 1. Lemma   

 2. Culm   

 3. Palea   

 4. Allopolyploid   

Q-2 Justify the following sentence. 

(i) Polyploid wheat performs as diploid 

(ii) In wheat, fresh pollen is essential for obtaining good seed in crosses.  

(iii) Explain the origin of diploid, tetraploid and hexaploid wheat in details. 

Q-3 Which species is believed to be ancestor of all cultivated wheat?  

Q-4 Write the quality parameters of wheat. 

Q-5 Discuss the crossing technique in wheat crop in detail. 

Q-6 Elucidate the important breeding objectives for wheat crop. 

Q-7 Give the name of various research stations working for wheat improvement at state, 

national and international level. 

Q-8 Write about the floral biology and draw the wheat opened spikelet and labelled it.  

Q-9 Explain the emasculation technique in wheat crop in detail. 

 

 

 

 



 Chickpea is second most important pulse crop in India after pigeonpea. 

  It is largest produced food legumes in South Asia and the third largest food 

legume globally, after common bean and field pea. 

 India is the largest producer of chickpea in the world. 

 The leading chickpea growing countries are India, Pakistan, Mexico, Turkey, 

Ethiopia and Burma.  

 Chickpea is valued for its nutritive seeds with high protein content (20-22%). 

Chickpea is cooked and eaten as salads, cooked in stews, ground into flour called 

gram flour (besan) and used primarily in Indian dishes.  

 Sprouted seeds are eaten as a vegetable or added to salads.  

 Young plants eaten like spinach and green pods are eaten as roasted seeds.  

 Chickpea plays important role in improving soil fertility by fixing the atmospheric 

nitrogen. Chickpea meet 80% of its nitrogen (N) requirement from symbiotic 

nitrogen fixation and can fix up to 140 kg N/ha. 

 

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.  Centre of Origin  :  South eastern Turkey and northern Syria 

6.  Mode of pollination  :  Self pollination 

7.  Out crossing percentage  :  < 1% 

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

C. pinnatifidum,   C. echinospermum  

C.judaicum, C.yamashitae,C.cuneatum 

  Types of chickpea:  

        There are two main kinds of chickpea.  

I. Desi (microsperma): It has small, darker seeds and a rough coat, cultivated 

mostly found in Mediterranean to central Asia. Desi types are generally 

smaller in stature with small leaflets and pods and posses predominantly pink 

colour flower. 

II. Kabuli (macrosperma): It has cream or beige colored, larger seeds and a 

smoother coat, mainly found in the western Mediterranean region. Kabuli type 

are generally taller with has white flowers. 
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Flower Biology:  

 Chickpea flowers are born on axillary on short jointed peduncles arising from the leaf 

axil and are situated opposite the leaves. They are white, pink, purple or blue in color. 

 A chickpea flower has a single monocarpellary flower on each peduncle with five 

sepals, five petals (1 Standard +2 Wings +2 fused keels) and 10 stamens in 

diadelphous (9+1) condition. 

 Ovary is ovate and covered by predominantly glandular hairs on its surface with 2, 

sometimes 4 ovuls. 

 The style is linear, upturned and 3-4 mm long with a glabose stigma. 

 Chickpea is predominantly a self-pollinated crop, perhaps, obligatory since 

pollination takes place at the hooded bud stage.  

 Pollen is most viable when the flower is half opened, and pollination occurs 12 to 24 

hrs before the flower is fully expanded.  

 

Selfing Technique: Covering the flowers with paper bag. 

 

Emasculation: 

Emasculation is generally performed in the afternoon. The flowers in hooded bud stage are 

selected for emasculation. 

Crossing technique: 

 Pollination is carried out next day morning. The white bud stage is most suitable for 

crossing because at this stage, stigma is most receptive and pollen viability is high. 

 However, crossing attempts involving either emasculation or no emasculation have 

given erratic results (23 to 98% hybrid seed) and this compounded by the low rate of 

natural seed set (18 to 52%) due to flower drops.  

 



 

 

 

   Breeding objectives:  

1. High yield: There is need for bringing a drastic change in the plant type of chickpea 

for bringing a breakthrough in  chickpea 

2. Early maturity: Short duration cultivars (90 to 120) escape terminal drought and heat 

stresses at critical pod development stages and enhance opportunities for inclusion of 

chickpea in different cropping systems.   

3. Increased biomass, Medium tall, erect and compact cultivars  

4. Resistance to diseases and insect pests: Fusarium wilt, dry root rots, ascochyta 

blight, botrytis gray mold, stunt, pod borer, root rot. 

5. Tolerance to stress environments i.e. cold, heat, drought and saline and alkaline soil.   

6. Market preferred seed traits: Mostly medium sized seed (16 to 22 g 100-seed-1) 

usually with golden yellow seed coat colour of desi types are mostly preferred. Kabuli 

type having seed size >30 gm 100-seed-1 or diameter 8-9 mm are mostly preferred. 

7. Nutritional quality: Breeding for high protein, methionine, beta-carotene, zinc, iron, 

linoleic acid, polyunsaturated fatty acids and dietary fibres content. 

 

  



Breeding methods: 

1. Introduction: introduction is cheap and a fast way of developing varieties, therefore 

suitable for countries with limited resources. G 109-1, a bruchid resistant line was 

selected from a Turkish variety introduced into India. 

2. Pure line selection: The genetic variability present within landraces provides an 

opportunity of further selections and development of pure line.  The notable varieties 

developed by this method include Annegeri, Chaffa, Jyoti, Ujjain 24, Warangal, CO 2, 

and Kripa. 

3. Hybridization: Pedigree, bulk, single seed descent method (SSD) or different 

modification of this methods are used in handling segregating generations in 

chickpea. The varieties namely, JG 130, Vijay, Vishal, Pusa 391etc, are released by 

this method. Hybridization followed by Marker assisted selection proved to be helpful 

in indirect selection for the traits that are difficult or inconvenient to score directly 

(e.g. root traits or resistance to root knot nematodes).  

4. Mutation Breeding: Mutation breeding is very useful in creating novel genetic 

variability. The varieties namely, Pusa 408 (Ajay), Pusa 413, WCG 2 (Surya) etc., are 

developed through this method. 

5. Transgenic technology: Efficient regeneration protocols are now available for 

chickpea which have made it possible to introduce any desired gene from any source 

into chickpea. 

 

  Research stations:  

A. International: International Crop Research Institute for Semi Arid Tropics  

                         (ICRISAT), Patancheru, Hyderabad, Andhra Pradesh 

B. National: Indian Institute of Pulses Research (IIPR), Kanpur,  Uttar Pradesh 

C. State: Main Pulses Research Station, JAU, Junagadh, Gujarat  

 

Exercise: 

Q-1 Do as directed 

(i) Draw the reproductive organs of chickpea and label it. 

(ii) Describe the different types of chickpea. 

(iii) Describe the floral biology of chickpea and draw reproductive organs. 

(iv) Give breeding objectives of chickpea. 

Q-2 Justify the following 

(i) Chickpea flowers are diadelphos.  

(ii) Chickpea is predominantly self-pollinated crop. 

 

 

 

 

 

 



 

 Mustard is important oil seed crop, grown in cool season sub tropics, higher elevations as 

winter crops. 

 It is the second most important oilseed in the world as well as in India after groundnut. 

 Seeds contain 40 – 45 % oil and 38-41 % protein. 

 In Asia, it is mainly grown in China, India, Pakistan and Bangladesh. 

 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 25°C (within agro-climatic conditions) during growth period. 

Therefore, this crop grown extensively in north eastern and central parts of our country. 

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

oils. 

 It basically consists of fatty acid, oleic acid, erucic acid and linoleic acid.  

 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 (Indian Mustard)  

2.  Botanical name  :  Brassica juncea L.  

3.  Family  :  Brassicaceae (Cruciferae)  

4.  Chromosome number  :  2n = 36  

5.  Center of Origin  :  Middle East, China 

6.  Mode of pollination  :  Often 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=20)  

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

6. Poor water management and inadequate use of fertilizers.  

7. Genetically, mustard crop has narrow genetic base. 

 

Table: 3.1 cultivated species of rapeseed and mustard 

Botanical name Common name 2n Genome 

Rapeseed 

Brassica compestris  

(Syn. B. rapa) 

 Indian Rapeseed, toria, yellow sarson, 

Brown sarson 

20 AA 

Brassica napus  Rapeseed, ghobhi sarson 38 AACC 

Mustard  

 Brassica nigra  Black mustard 16 BB 

 Brassica juncea  Indian mustard, rai, raya, laha, brown 

mustard,  oriental mustard 

36 AABB 

B. carinata Abyssinian mustard, Ethiopian mustard, 

Karan rai 

34 BBCC 

Other related species 

Eruca sativa Rocket, taramira, duan 22 EE 

 

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 

 

 

 



Genetic origin of Indian mustard (Rai): 

Brassica nigra 

2n= 16 (BB) 
x 

Brassica campestris 

2n= 20 (AA) 

   

                                               F1 

                                  2n = 2x = 18 (AB)  

                             (Chromosome doubling)   
 

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

Allotetraploid or Amphidiploid  

 

 

Floral Biology: 

 The inflorescence is of corymbose raceme type. 

 The flowering is indeterminate commencing from the base towards the tip of the main 

raceme. 

 The buds flower within two hours after sun rise. 

 The stigma is generally receptive three days before and after flower opens which 

mostly lead self pollination. 

 In the bud stage, as flower opens and the time of dehiscing approaches, the inner 

whorls of the four anthers with longer filaments undergo a twist of 60o  to 180o  and 

result in extrorsely dehiscence in the case of self-incompatible types. The outer 

whorls of the two anthers with shorter filaments do not show this twist and dehisce 

introrsely. 

  The dehiscence of all the anthers in self-compatible types is introrsely. 

 Pollination is carried out by wind and mostly by honey bees (Apis mellifera). 

1. Androecium: 

• The stamens are six, four with long and two with short filaments (Tetradynamous). 

(Tetra - four, dynamis – strength): Out of six stamens, four inner stamens are long 

and two outer stamens are short.  

• In the bud stage the immature stamens are always below the stigma. 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. (Anthers which have their 



face towards the pheriphery of the flower is called extrose anthers. When the face 

of anther lies towards centre of the flower, it is known as introse anther)  

2. Gynoecium:  

• The flower bears a hypogynous, syncarpous ovary (Syn – together or united, 

carpous – fruit or ovary), which is bicapellary with a very large number of ovules 

and parietal placentation.  

• 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: 

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

 The flowers continue to open till 3-4 days and on the 4th to 5th day, the petals and 

sepals are shed. 

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

 At the time of dehiscence, the pollen liberating sides of the anthers, remain towards 

the stigma and slightly shaking 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. 

 



Selfing technique: Selfing is carried out using muslin cloth bags effectively. Either the 

whole plant or a branch is bagged to ensure self pollination. 

Emasculation: 

 When the plant just commences its peak-bloom period, a lateral shoot without any 

fruit of the first or second order is chosen.  

 About six to eight buds, likely to open on the following day or a after that, are left for 

emasculation and other are removed. 

 The stamens are removed with help of fine forceps or with a pair of scissors. 

 After removal of stamens, the opened buds are closed gently by rubbing the forceps 

along the sepals in an upward direction and cover the emasculated bud by muslin 

cloth or paper bag. 

 

Crossing technique: 

 Ripen anthers from fresh flower are collected in the morning (around 7 am) of the 

next day and placed under sun rays for dehiscence.  

 Pollination is made by dusting pollens to stigma. 

 After pollination the flowers are again bagged. 

Breeding objectives: 

1. Higher seed yield per unit area: By increased number of branch, pods per plant, 

seeds per pod and seed size. Further yield can be increased by increase in biomass, 

harvest index and maximum light penetration of crop canopy 

2. Early maturity: Need to develop early maturing varieties for multiple cropping 

sequence with higher per day productivity. 

3. Resistance to biotic and abiotic stress: 

• Important Diseases: Alternaria blight, white rust, powdery mildew, downy mildew 

collar Rot, white stem rot and wilt.  

• Important Pest: Aphids, saw fly, painted bug, leaf miner and Bihar hairy 

caterpiller- so far no resistance source identified.  

• Abiotic stress: Drought, salinity and frost resistance is needed to prevent yield 

losses. Winter hardiness is very important. 

4. Shattering resistance: It is necessary to breed the varieties in which siliquae hold the 

seed for sufficient time after maturity. 

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

• Erucic acid and glucosinolate and fibre are the antinutritional factors in seed oil 

and seed meal (deoiled cake), respectively. 

• Glucosinolate is 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. 

• Low Erucic acid (<2 %) in seed oil and low glucosinolate (<30 µ moles 

glucosinolate/g) of deoiled cake and low fiber is designated as “Canola” 

(commonly known as triple low ‘000”) are considered as ideal for consumption as 

food and feed. 



• It necessary to develop varieties are having high oil content, high protein with 

higher quality, high crud fibre, low Erucic acid (<2 %) low glucosinolate (<10 µ 

moles glucosinolate/g) and low fiber. 

• 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 it should be low.  

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

to give unpleasant smelling substance in oil. 

 

Breeding methods: 

1. Hybridization: It is used to combine the desirable characteristics of two or more 

genotypes through inter-varietal or inter-specific crosses.  

2. Mass selection: Mass selection is used to increase the frequency of desirable 

genotypes in population in both self-pollinated and cross-pollinated Brassicas, but 

there is no recombination among selected genotypes in case of self-pollinated 

Brassicas. 

3. Pure line selection: Several successful varieties have been developed by using pure 

line selection in land races of yellow sarson, Indian-mustard, karan, rai and gobhi 

sarson. 

4. Bulk method: This method can effectively use for improvement of those characters 

whose expression is depend on occurrence of favourable environment such as frost, 

drought, disease and pest. 

5. Pedigree selection: It is the most commonly used selection method for cultivar 

development in self-pollinated Brassicas.  

6. Backcrossing: This method is used to transfer a range of traits, such as low erucic 

acid, low glucosinolets, seed colour, disease resistance, male sterility and fertility 

restorer genes. 

7. Recurrent Selection: This method is used in cross-pollinated Brassicas such as toria, 

brown sarson, black mustard and taramira for increasing seed yield and oil content by 

increasing frequency of desirable alleles through selection of superior recombinants. 

8. Development of synthetic and Composite varieties: Synthetic and composite 

varieties are developed in self-incompatible and cross-pollinated Brassicas to exploit 

part of available heterosis. 

9. Hybrid breeding: This method is used to exploit high heterosis for seed yield in hand 

bred F1 obtained by employing CGMS system. 

10. Polyploidy breeding: This method can be used widen the genetic base of digenomic 

species. 

11. Mutation breeding: This method is generally used for rectification of a single 

deficiency or creation of a single desired characteristics in otherwise agronomically 

superior variety. The traits such as yellow seededness coupled with high oil content 

has been improved through induced mutation. 

12. Anther and microspore culture techniques 

13. Re-synthesis of amphidiploids: This technique could be used to widen the genetic 

base of natural amphidiploids 



14. Molecular breeding: This technique has following uses:   

• Molecular markers can be used to identify somatic hybrids, cybrids, somaclones 

and cytoplasmic lines in oilseed Brassicas. 

• Identification of genes responsible for specific traits such as high erucic acid. 

• Genetic modification through genetic engineering technique e.g. Barnase-Barstar 

reproductive system which induced male sterility and fertility restoration. 

 

Procedure of hybrid seed production of mustard 

 

Principle of hybrid seed production:  

Cytoplasmic Genetic Male Sterility (CGMS) system is used for commertial hybrid 

seed production of mustard. The male sterile line (A line) contains sterile cytoplasm and 

recessive genes for fertility restoration. This is maintained by a male fertile counterpart (line 

B) which also contains recessive genes, but has fertile cytoplasm. 

 For production of hybrid seed male sterile line (A line) is crossed with a fertility 

restoring line (R line) which has the dominant genes for fertility restoration, but may have 

either sterile or fertile cytoplasm. The restorer line (R line) should nick well with 'A' line to 

produce F1 hybrid seed. 

 

1. Production of male sterile line ('A'line) Seed: 

• Isolation Requirements: Seed fields must be isolated from other brassica field and 

same line increase fields not conforming to varietal purity requirements of 

certification at least by 200 meters. 

• Planting Ratio: The proportion of female line (A line) and male line (B line) should 

be 4:2. In order to have pollen pressure two-four border rows of B-line all around the 

field may be grown. 

• Roguing: The off-type plants distinguishable on the basis of morphological 

characteristics should be removed before flowering. The seed crop should be sown in 

wide rows (30 cm) to permit rouging. 

• Harvesting: The B-line should be harvested just after flowering period is over and 

prior to harvest of female rows to avoid contamination.  

2. Production of maintainer line (B-line) and restorer line (R-line) seed: 

• The B-line and R-line are self-fertile and may be multiply by open-pollination in an 

isolated field having isolation distance 200 m. 

• Spacing: Row to row distance 42-45 cm. 

3. Production of hybrid sunflower seed: 

• Isolation requirements- Seed fields must be isolated at least by 200 meters from the 

fields of other brassica and same hybrid seed production not conforming to varietal 

purity requirements of certification.  

• Planting ratio: The proportion of female parent (A line): male line (R line) should be 

kept at 3:1. However, the first two border rows on either side may be sown with the 

male parent seed to suplly enough pollen. 



• Roguing: The off-type plants distinguishable on the basis of morphological 

characteristics should be removed before flowering. Remove objectionable weed plant 

(Satyanashi)  

• Spacing: Row to row: 30cm and plant to plant: 20 cm 

• Seed rate: A line  1.88 kg per ha. 

               R line  0.88 kg per ha.  

• Harvesting: Male lines are harvested before female line when siliqua are mature and 

attain yellow colour. 

 

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 

 

Achievements: 

• Gujarat Mustard-1 (GM 1)  

• Gujarat Mustard-2 (GM 2)  

• Gujarat Mustard – 3 (GM 3)  

• Gujarat Dantiwada Mustard – 4 (GDM 4)  

• Varuna , Pusa Jay Kisan (Developed by somaclonal variation, IARI, New Delhi) 

 

Exercise: 

Q-1 Do as directed 

(i) Describe the floral biology of mustard and draw L.S. of flower. 

(ii) Give breeding objectives of mustard. 

(iii) Discuss the crossing technique in mustard crop in detail. 

(iv) Explain the emasculation technique in mustard crop in detail. 

(v) Give the genetic origin of Indian mustard. 

(vi) Explain the brassica triangle. 

Q-2 Explain detail procedure of hybrid seed production in mustard 

 

 

 

 

 

 

 

 

 

 



 

 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'. 

 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 Maharashtra, Karnataka, Tamil Nadu and Andhra 

Pradesh. 

 Its seed contains 40-42 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. 

 Sunflower oil is considered relatively good quality oil in comparision to most other 

vegetables oil because of its light colour, bland flavour, high smoke point, high level 

of oleic acid and absence of linolenic acid. 

 The unsaturated fatty acids, oleic and lenoleic comprises about 90% of total. 

 

1.  Name of crop  :  Sunflower 

2.  Botanical name  :  Helianthus annus L. 

3.  Family  :  Asteraceae 

4.  Chromosome number  :  2n = 34 

5.  Center of Origin  :  Central America 

6.  Mode of pollination  :  Cross pollination (protandry) 

7.  Out crossing percentage  :  > 90% 

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

anomalus, H. argophyllus, H. 

arizonensis, H. atrorubens, 

H. bolanderi, H. californicus, H. 

petiolaris 

 

 

Floral biology: 

• The disc-shaped head called capitulum (diameter varies from 6 to 75 cm) is borne 

terminally on the main stem and branches. 

Date: Exercise-4 

SUNFLOWER 



• The capitulum consist of an outer whorl of showey and generally yellow ray florets 

which are normally sterile, having rudimentary pistil and vestigial style and stigma, 

but no anther. 

• The main function of ray florets is to attract honeybees and pollination. 

• Flowers over the reminder of the discoidal head are called disk florets (number varies 

from 700 t0 3000) which are perfect flowers and epigynous in nature. 

• The corolla of each floret has 5 fused petals except at the tip. Inside the corolla tube, 5 

fused anthers form as second tube which encloses style which termites distally in a 

bilobed stigma curls outward above the anther tube. 

• Flowering starts from the periphery to the centre of the capitulum. 

• Suflower is protoandrous in nature and there is 10 to 12 hrs difference in maturation 

of male and female elements. 

• Honeybees play an important role in cross-pollination. 

 

 

 
Selfing technique: Covering the capitulum with muslin cloth bag. 

 

 



Breeding objectives: 

1. Higher yield: Higher diameter of capitulum, higher number of disc floret and high 

test weight contribute towards higher yield.  

2. Early maturity: Suitable for dry land and in spring situation. 

3. Lodging resistance and dwarf type 

4. Breeding varieties with high oil content:  Complex character yield and oil content 

are negatively correlated, to increase oil content the shell must be thin. Breeding for 

high oleic acid and linoleic acid and low chlorogenic acid 

5. Breeding for self fertile lines: Protoandry and self-incompatability mechanism 

operates in sunflower. Hence hand pollination is necessary. To avoid this self fertile 

lines should be evolved. 

6. Resistance to biotic and abiotic stress:  

• Disease: Alterneria blight, rust and downy mildew. 

• Abiotic stress: Drought and salinity tolerance. 

7. Resistance to bird damage 

 

Breeding Methods: 

1. Hybridization 

2. Mass selection: This method is used to eliminate plants with undesirable traits and 

maintaining the varietal population. 

3. Pustovoit’s method of reserves: This method is a form of recurrent selection method 

also popularly known as varietal renovation method. This method has been 

successfully used for developing open-pollinated varieties. 

4. Development of synthetic and composite varieties 

5. Backcross method 

6. Mutation Breeding: A wide range of variability for oil content, fatty acid 

composition, morphological characteristics, test weight, hull content and flowering 

has been reported in mutants.  

7. Molecular breeding: this includes: 

• Genetic transformation of disease resistance 

• Gene tagging for high oleic production 

• Molecular characterization of sunflower species and domestic cultivars 

 Heterosis Breeding:  

• Hybrid cultivars have distinct advantages over open pollinated varieties in form of 

production stability, response to high-input, high self fertility, uniformity in growth 

and maturity. 

• CGMS system is used for commercial hybrid seed production in sunflower.  

 

Procedure of hybrid seed production in sunflower 
 

Principle of hybrid seed production:  

 Hybrid sunflower is produced by using cytoplasmic male sterility and genetic fertility 

restoration system. The male sterile line (A line) contains sterile cytoplasm and recessive 



genes for fertility restoration. This is maintained by a male fertile counterpart (line B) which 

also contains recessive genes, but has fertile cytoplasm. 

 For production of hybrid seed male sterile line (A line) is crossed with a fertility 

restoring line (R line) which has the dominant genes for fertility restoration, but may have 

either sterile or fertile cytoplasm. The restorer line (R line) should nick well with 'A' line to 

produce F1 hybrid seed. 

 

4. Production of male sterile line ('A'line) Seed: 

• Isolation Requirements: Seed fields must be isolated from other sunflower field, 

same line increase fields not conforming to varietal purity requirements of 

certification and wild sunflower species at least by 600 meters. 

• Planting Ratio: The proportion of female line (A line) and male line (B line) should 

be 3:1. However, the first two border rows on either side may be sown with the male 

line (B line) seed to ensure enough pollen supply. 

• Seed rate:   A line:  7.5 kg/ha and 

                     B line:  2.5 kg/ha 

 

• Roguing: The male-fertile plants in the female parent lines should be removed each 

day during the entire flowering period. This is best done in the morning hours before 

the bees have removed the pollen.  

• Supplementary pollination: For supplementary pollination (Hand pollination) the 

palm is first gently rubbed on the male parent flowers and then on the stigmas of the 

female line to transfer the pollen.   

• Harvesting: The male parent rows should be harvested prior to harvest of female 

rows to avoid contamination. No male parent heads should be left intermingled with 

the female parent rows.  

5. Production of maintainer line (B line) and restorer line (R line) seed: 

 The seed is produced in an isolated field having isolation distance 600 m 

 

6. Production of hybrid sunflower seed: 

• Isolation requirements- Seed fields must be isolated atleast by 400 meters from the 

fields of other varieties, commercial hybrid of the same variety, fields of same hybrid 

seed production not conforming to varietal purity requirements of certification.  

• Planting ratio: The proportion of female parent (A line): male line (R line) should be 

kept at 3:1. However, the first two border rows on either side may be sown with the 

male parent seed to suplly enough pollen. 

• Seed rate: A line  7.5 kg per ha. 

               R line  2.5 kg per ha.  

Other practices are the same as described for the A line seed production. 

 

Achievements: 

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

EC-68414, EC-68415 and EC-69874 

b) Hybrid varieties: BSH-1, KBSH-1, KBSH-11 



 

Research stations:   

a) National: Directorate of Oilseed Research, Hyderabad  

b)  State: Main Oilseeds Research Station, JAU, Amreli, Gujarat. 

Exercise: 

Q-1 Do as directed 

(i) Describe the floral biology of sunflower and draw L.S. of disc floret. 

(ii) Define capitulum, ray florets and disc florets 

(iii) Give the breeding objectives of sunflower. 

(iv) Justify that sunflower is highly cross-pollinated crop. 

Q-2 Explain detail procedure of hybrid seed production in sunflower 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Potato (Solanum tuberosum L.) is the most important non-grain food crop in the 

world, ranking 4th in terms of total food production rice wheat and maize. 

 It is grown in around 150 countries spread across both temperate and tropical regions 

and at elevations from sea level to 4,000 m. 

 More than half of the potato production takes place in developing countries including 

India, and over one billion people have potato as their staple diet. 

 Nutritionally, potatoes are second only to soybean for amount of protein/ha, with the 

major storage protein being patatin, one of the most nutritionally balanced plant 

proteins known. 

 The lysine content of potato complements cereal based diets that are deficient in this 

amino acid. 

 A single 150g tuber provides up to 45% of recommended daily allowance (RDA) for 

vitamin C, 10% vitamin B6, 8% niacin, 6% folate as well as significant amounts of 

other essential mineral nutrients required. 

 Diversified uses of potato covers fresh food, processed products, animal food, seed 

and raw material for industries (mainly starch as raw material for alcohol, dextrin an 

glucose). 

 

1.  Name of crop  :  Potato 

2.  Botanical name  :  Solanum tuberosum L. 

3.  Family  :  Solanaceae 

4.  Chromosome number  :  2n =4x=48 

5.  Center of Origin  :  South America 

6.  Mode of pollination  :  Self-pollination 

7.  Out crossing percentage  :  1 to 20% 

8.  Wild species  :  S. acaule, S. megistacrolobum,                        

S. berthaultii, S. tarijense,                                

S. neocardenasii,                                              

S. violaceimarmoratum,                                   

S. colombianum, S. commersonii,                    

S. chacoense 
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Table 5.1: Cultivated potato species with their chromosome number and ploidy level 

Solanum species Chromosome number Ploidy level 

S. ajanhuiri 

S. goniocalyx 

S. phureja 

S. stenotomum 

2n = 2x = 24 Diploid 

S. chaucha 

S. juzepczukii 
2n = 3x = 36 Triploid 

S. tuberosum ssp. tuberosum 

S. tuberosum ssp. andigena 
2n = 4x = 48 Tetraploid 

S. curtilobum 2n = 5x = 60 Pentaploid 

 

Floral Biology: 

 The inflorescence of the potato  is cymose and may be simple or compound. 

 The potato flowers are bisexual and possess all the four essential whorls. 

 Calyx is composed of five sepals united at the base to form bell shaped structure 

below the carolla.  

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

lobed surface. The colour of corolla may be white, light blue, blue, red, or purple with 

different combinations and intensities. The colour of the corolla is valuable trait in 

distinguishing different varieties. 

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

filament joined to the corolla tube. Anthers are fused in a conical structure or spread 

loosely enclosing the pistil. The colour of anther varies from light yellow to deep 

orange. Pollens dehiscence is through the pores.  

 Two carpels fuse to form as syncarpous, bilocular, superior ovary with long style and 

stigma with 2 lobes. 

 Flowers in the cultivated potato open mostly in early morning.  

 Germination of the pollen is completed after 30 minutes and the ovary is fertilized 

within 12 hours. Cross pollination is most often accomplished by bumblebees. 

 The mature fruit is a green berry with axial plancentation.The cultivated tetraploid 

potato species (S. tuberosum sub spp. tuberosum and S. tuberosum sub spp. andigena) 

are photoperiodically long day plants and require long days and short nights for their 

flowering, but more than 90 per cent of the potato growing area in India is in plains 

and in rabi season (October planting) when the day lengths are shorter. Therefore, the 

flowering does not take place in the plains. 

 



 
 

Emasculation: 

In female parents about 4-5 flower buds per branch are retained by removing very small and 

old flowers as well as formed berries.  

In the process of emasculation, anthers, petals and half portion of sepals is removed from the 

unopened fresh flower buds. Care is taken to injure stigma during the course of emasculation. 

 

Crossing technique: 

I. Pollen collection: 

• Flowers from male parents are collected in the evening preceding the day of 

pollination.  

• Freshly opened flowers with anthers that are about to shed pollens or large sized bud, 

which would open next day should be collected and spread on a sheet of paper placed 

on the table at room temperature. 

• Stigma and petals are removed from the male flowers, so that pollen does not stick to 

these while pollen extraction.  

• Next day morning, anthers are separated and pollens are extracted shacking anthers in 

nylon tea sieve. 

• The can be stored in a refrigerator at 6-8o C for future. 

 

II. Pollination: 

• Each receptive stigma is pollinated by dipping the tip of stigma in pollen.  

• Repeated pollination of receptive stigma twice or thrice at interval of 8 hrs is known 

to produce higher percentage of berries per flower bunch and more seed per berry. 

• The pollinated bud is tagged with label with information like cross details, number of 

buds pollinated and date of pollination is noted in the hybridization register.  

 

 

 



Breeding Objectives: 

1. Breeding for high yield: Yield of tubers decided by number of tubers, tuber size and 

distribution of tuber. 

2. Breeding for Early maturing varieties 

3. Photoperiod insensitivity 

4. Breeding for varieties having better morphology of tuber: Varieties should 

produce attractive, medium sized, shallow eyed, white, yellow or red skinned tubers, 

less physical injuries with good keeping quality. The round shaped tubers of 45-80 

mm diameter are preferred for making chips. For French fries, the oblong or long 

(more than 75 mm in length) tubers are desired. 

5. Breeding for high nutritional quality: Varieties should have high vitamin C and 

protein content, low glycoalkaloid content.  

6. Breeding for high processing quality: For preparation of good quality fried products 

(chips or French fries) or dehydrated products (flakes, flour, powder, etc) tubers 

should have low reducing sugars (<0.1%), low phenol content (<0.02%) and high dry 

matter content (>20%).  

7. Resistance to biotic and abiotic stresses: 

• Biotic stresses: Resistance to late blight, early blight, charcoal rot, wart, 

common scab, bacterial wilt, soft rot, viral diseases (potato virus X and potato 

virus Y), nematodes, root knot nematode, aphids, potato tubeworm. 

• Abiotic stresses: Resistance/tolerance to heat, drought, frost, soil salinity. 

 

Breeding methods: 

1. Introduction: Magnum, Bonum and Cragis Defiance. 

2. Hybridization and clonal selection: Hybridization relates to production of inter-

varietal and inter–specific hybrid progeny of the parents identified on the basis of 

desirable attributes. Potato being a vegetatively propagated crop, it offers a unique 

privilege of fixation hybrid vigour of hybrid progeny. 

3. Backcross Method: The genes for disease resistance or other specific traits which are 

simply inherited can be transferred through back cross method.    

4. Mutation Breeding 

5. Embryo culture: The in-vitro culture of immature embryos in potato allows the 

rescue of plants from distant crosses. It therefore facilitates use of diverse gene pool 

for potato improvement. Embryo rescue may be applied both in the first inter-specific 

cross and/or in the first backcross. 

6. Anther culture for haploid production: The production of haploid in large numbers 

enables construction of homozygous pure lines after diploidization. 

7. Somaclonal variation: In potato, somaclonal variation has been reported in plants 

regenerated from protoplasts, stem explants, leaf disc and other somatic tissues.  

8. Somatic hybridization: Advances in protoplast fusion technology have made 

somatic hybridization techniques of more immediate value for potato breeding of 

potato breeding. The combination of breeding at dihaploid level with somatic 

hybridization offers new opportunities for introducing novel characters into potato, 

and of synthesizing superior tetraploid potato clones. 



9. Marker assisted selection (MAS) and gene pyramiding: MAS can be used for 

incorporating vertical as well as horizontal resistance for various diseases as well as 

improvement of quantitative traits like early maturity and vigour. 

 

True potato seed (TPS) technology: 

One of the constraints for potato production in India and developing countries is the 

inadequate supply of healthy seed tubers at an affordable cost. This problem could be 

overcome to some extent by using True Potato Seed (TPS). This concept was first realized to 

commercial crop in India by Dr. S. Ramanujam, the first Director of the Central Potato 

Research Institute in early fifties. The main advantages of the TPS method are as follows: 

1. The requirement of TPS in small quantity and diversion of tubers meant for seed 

towards human consumption. 

2. Freedom of TPS crop from viral disease common in seed tuber crops. 

3. Elimination of storage losses in seed tubers. 

 

Achievments: 

I. Varieties grown in India:-Kufri Pushkar, Kufri Shailja, Kufri Surya, Kufri Khyati, 

Kufri Himsona, Kufri Girdhari. 

II. Indian varieties grown in other countries: Kufri Chandramukhi, Kufri jyoti, Kufri 

Sindhuri,   I-1039 cv. Montanosa. 

 

Research stations:   
 

a) International level: International Potato Centre (CIP), Lima, Peru 

b) National level: Central Potato Research Institute, Shimla, Himachal Pradesh  

c)  State level: Potato Research Station, SDAU, Deesa, Gujarat. 

Exercise: 

Q-1 Do as directed 

(i) Describe the floral biology of potato and draw the floral structure of potato. 

(ii) Define cymose. 

(iii) Give the breeding objectives of potato. 

(iv) Explain the emasculation technique in potato crop in detail. 

(v) Give crossing technique in potato crop in detail. 

(vi) Justify that in India, flowering does not take place in the plains. 

Q-2 Explain the TPS technology in potato. 

 

 

 

 

 

 



 

 Lucerne is known as “Queen of forage crops”.  

 It is cultivated as an important forage crop in many countries around the world. 

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

 The sub-species sativa of Lucerne is mostly cultivated. 

 Lucerne has ability to fix environmental nitrogen. 

 

1. Name of crop  : Lucerne or Alfalfa 

2. Botanical Name :  Medicago sativa L.  

3. Family  : Fabaceae 

4. Chromosome Number  : 2n =4x=32 (autotetraploid) 

5. Centre of Origin : South West Africa  

6. Mode of pollination : Cross pollination (Self-incompatibility) 

7. Out crossing percentage  : 80 to 100% 

8. Wild species  Medicago caerulea (2n=16) (Progenitor of 

Medicago sativa L.)   

Medicago falcate (2n=16,32) (Cold-resistant) 

Medicago arborea L. (2n=32)  

Medicago prostrata (2n=32)  

Floral Biology: 

 The flowers are typical pea shaped and purple in colour. Flowers develops in dense 

clusters of 20-30 flowers at the tip of the branches. 

 Flower consist of calyx 5 united, corolla 5 – (standard 1, wings 2, keels 2 free),  

 Androcium consist of 10 stamens in  9+1diadulphos (9+1)  condition form a staminal 

column 

 Gynoecium is superior and monocarpellary.   

 The petals are partially joined and encloses the stamens and pistil. 

 In lucerne bees are the most important insect pollinators. 

 

Date: Exercise-6 
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Tripping:  

• Pollen is dispersed by an explosive action commonly known as tripping.  

• When the keel petal is pressed by the weight of the bees, the stamens and stigma are 

snapped upward and came out free of keel just like a spring action. The insect is 

struck by the staminal column and a mass of pollen is carried by it. 

• The tripped flower cannot be fertilized again 

 

Selfing technique: Selfing is done with the help of bagging the flowers or covering the 

whole plant under wire cage. Some bees can be kept inside the cage to carry out the tripping 

of flowers to have better seed set. 

 

Emasculation:  

• Mostly emasculation is not needed due to self sterility. 

• However, lucerne can be successfully emasculated by first clipping the standards from 

plants in full bloom, then tripping the flowers to expose the stigmatic column, next 

immersing the inflorescence in 57% ethyl alcohol for 10 seconds and finally rinsing 

off the alcohol by transferring to a beaker of water for a few seconds. 

 

Crossing technique: 

• Pollinate the emasculated flower with pollen of interest. 

• In second method, grow the male and female parents nearly or in different pot and 

then tied in one wire cage. Keep bees inside the cage. Harvest seeds from both the 

parents.  

Breeding Objectives: 

1. Forage yield: Vigorous tall growing plants, better tillering having quick regeneration 

potentialities after cutting. 

2. High nutritive value, good palatability and better digestibility. 

3. Lower saponins content (anti-nutritional factor) 

4. Earliness: Varieties early in 50 % flowering give higher per day productions of forage 

yield. 

5. Seed yield: A good balance between the seed and forage yield is required. 

6. Amenable for multi-cut 

7. Succulent plant stature with  

8. Abiotic stress: Tolerance to cold, drought and salinity. 

9. Disease and Insect resistance. 

 

Breeding Methods: 

1. Introduction: Ladakh strain was introduced in USA from North India in 1970. 
2. Mass selection: Grimm 451 

3. Recurrent selection 

4. Hybridization and selection  

5. Synthetics and composites 
6. Heterosis breeding: Hybrid Forace -400 

7. Top cross 

8. Polycross method: In forage crops for the development of multiplant synthetic. 



• This is adopted to develop a multiplant synthetic in vegetatively propagated 

forage crops. 
• The first step is collect a number of desirable plants and form a source nursery. 

From the nursery twenty five to fifty superior plants are selected and grown in 

isolated nursery. Random cross pollination takes place in the isolation.  

• The seeds are harvested and grown as progeny rows. Then the best ones are 

selected and clonally propagated.  

• These selected clones are again raised in isolation for random crossing and a 

synthetic is established. 

9. Genetic transformation: Roundup ready alfalfa (glyphosate (herbicide) resistance 

variety developed in California)  

 

Achievements:  

 Varieties: GAUL-1, GAUL-2 Anand Lucerne-3, Anand Lucerne-4, Chetak, Sirsa-9 and CO 1. 

  

 

Research stations: 

A. National: ICAR-Indian Grassland and Fodder Research Institute, Jhansi, UP 

B. State level: Main Forage Research Station, AAU, Anand. 

 

Exercise: 

Q-1 Give breeding objectives of lucerne. 

Q-2 Explain the emasculation technique in lucerne crop in detail. 

Q-3 Explain crossing technique in lucerne crop. 

Q-4 What is tripping? Explain its mechanism in detail 

Q-5 Describe the floral biology of lucerne 

Q-6 Give different forage research stations at national as well as state level. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The word sugarcane is derived from Sanskrit word 'sharkara' meaning sugar. It 

includes 3 cultivated species like S. officinarum, S. barberi and S. sineese. 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 Philippines. The sugar 

industry is the second largest agro-based industry in India in terms of economic gains and 

employment potential. The states having substantial sugarcane area in India are, Utter 

Pradesh, Maharashtra, Haryana, Andhra Pradesh, Tamil Nadu, Karnataka, Bihar and Punjab. 

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

that remains after sugarcane crushing may be 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 officinarum L.  

3. Family  : Poaceae  

4. Chromosome Number  : 2n = 80 

5. Centre of Origin : New Guinea and North India  

6. Mode of pollination : Cross pollination (protogyny) 

7. Out crossing percentage  : 42-50 % 

 

It includes three cultivated and two wild species as below: 

Wild Species: 

1. Saccharum spontaneum (2n=40 – 128) 

• A perennial grass, free tillering, often with rhizomes. 

• Saccharum spontaneum having the smallest chromosome numbers and they are found 

in North India, probably the centre of origin. 

• Saccharum spontaneum is the probable progenitor of S. barberi and S. sinense. 

• It is widely used in breeding programmes as a source of vigour, hardiness and disease 

resistance. 

2. Saccharum robustum (2n=60-194) 

• It is perennial, vigorous but highly susceptible to mosaic virus and leaf scale. 

• S. robustum is the progenitor of S. officinarum with which it is inter fertile. 

• It has very limited use in the breeding programme. 

Cultivated species: 

3. Saccharum officinarum (2n=80) 

• S. officinarum is a chewing cane also known as noble cane. The term Noble was given 

by Dutch scientists John. 

Date: Exercise-7 

SUGARCANE 



• The canes of this species have thick stem, soft rind, low fibre, high sugar content and 

high cane yield. The noble canes are susceptible to most of the diseases. 

4. Saccharum barberi (2n=82-124) 

• S.barberi is short medium to slender in thickness, with high fibre content, medium 

sucrose content and poor yielder. 

5. Saccharum sinense (2n=116, 118) 

• Chinese cane. 

• They are tall vigorous, slender with high fibre content and poor juice quality. 

 

Origin of cultivated species: 

(I) Noble cane: Saccharum  officinarum:  

 S. officinarum is also known as noble cane.  

 The canes of this species have thick stem, soft rind, low fibre, high sugar content, 

high cane yield, and resistance to smut. 

 S. officinarum originated from S. robustum in New Guinea.  

 S. robustum               S. officianarum (New Guinea) 

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

hybridization.  

(II) The Indian cane: S. sinense and S. barberi  

 This might have originated by natural hybridization between Saccharum officinarum 

and Saccharum spontaneum.  

 S. officinarum X S. spontaneum  

                                                                                                                                                                                                    

                                       Mutation, selection, hybridization 

 
 

        S. barberi and S. sinense (North India).  

 

Sugarcane is highly heterozygous due to high chromosome number and complex 

ploidy levels (due to hybridization of several genomes). 

 

Floral biology:-  

Photoperiod is an important factor for flowering in 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, white cool weather and high altitude where the day 

length varies affecting the flowering.  

 The inflorescence / panicle is just like arrow shape hence it is called arrow, contains 

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, ranging from male sterility to high pollen 

fertility. Generally, the flowers are protogyny in nature. 

 A mature sugarcane seeds consists of the mature dry fruit (caryopsis), glumes, callus 

hairs, anthers and stigma which are extremely small in size, often poorly developed and 

invisible with sticky hairs called fluff. Fluff is the entire flower panicle without the main 

flower axis and larger lateral axes used for breeding programme. 

 

 
 

Self technique:-  

The arrows of sugarcane are covered 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 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. Marocotting procedure (technique):-    

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

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

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

technique, healthy female clones are selected. 

a. 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.  

b. Roots will develop on the stalk within 10 day where the bud has been marcotted. 

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

are transplanted in a big plots containing soil.  

d. 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 (frost, drought and water logging) 

6. Resistance to diseases and pests  

7. Breeding for quality:- (1) Sugar content of juice (2) Quality of juice and (3) 

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 characteristics for good Milliability:-  

a. Moderate hardness of rind (bark) 

b. Good length of fibers  

c. Long internodes 

d. Low-fiber: sucrose ratio  

e. Good fiber quality for paper making  

 



Sugarcane varieties: 

Popular varieties: 

Co 62175, Co 419, CoC 671, Co 6806, Co 8338, Co 86032, Co 99004 etc. 

Improved varieties: 

CoN 91132 (Guj. Sugarcane-1), CoN 85134 (Guj. Sugarcane-2), CoN 95132 (Guj. 

Sugarcane-3), CoN 03131 (Guj. Sugarcane-4), CoN 5071 (Guj. Sugarcane-5), CoN 5072 

(Guj. Sugarcane-6), CoN 04131 (Guj. Navsari Sugarcane-7), CoN 7072 (Guj. Navsari 

Sugarcane-8). 

 

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. 

 

Exercise: 

Q-1 Define / Explain following: 

 (1) Noble cane      (2) Arrow                          (3) Sessile flower          (4) Fluff 

(5) Lantern            (6) Pedicellate flower       (7) Marcotting               (8) Milliability 

Q-2 Justify the following 

(i) Sugarcane is highly heterozygous crop. 

(ii) The maintenance or conservation of hybrid vigour is easy in sugarcane. 

(iii)  Photoperiod is an important factor for flowering in sugarcane.  

(iv) Flowering is undesirable in commercial production of sugarcane. 

(v) Crossing programme of sugarcane is carried out at Coimbatore. 

(vi) Emasculation is not practicable in sugarcane. 

Q-3 Do as Directed: 

(i) Which country is the largest producer of sugarcane in the world? 

(ii) Write the various important products of sugarcane. 

(iii)  Which sugarcane product is blend with petrol for running vehicle? 

(iv) Write the cultivated and wild species of sugarcane. 

(v) Enlist the desirable characteristics of sugarcane for good millability 

(vi) State the name of various research stations working for sugarcane improvement at 

state, national and international level.  

(vi) How selfing is done sugarcane? 

Q-4 Write the genetic origin of cultivated sugarcane species. 

Q-5 Mention the breeding objectives of sugarcane. 

Q-6 Write about the floral biology of sugarcane and draw the fully matured floret. 

Q-7 Discuss the crossing technique in sugarcane crop in detail. 

Q-8 Brief out the marcotting technique in sugarcane. 

 

 

 



 Tomato is one of the most important vegetable crops grown throughout the world. 

The leading tomato growing countries in the world are the USA, Several European 

countries, Japan and China.  

 China is the major producer of tomato followed by US, Turkey, India and Italy.  

 World acreage of tomato is more than 3 million hectares. In India tomato is grown in 

about 6.0 lakh hactares. 

 It is a rich source of vitamins and minerals. Tomatoes are consumed as fresh and in 

processed form.  

 

1.  Name of crop  :  Tomato 

2.  Botanical name  :  Solanum lycopersicon 

Formerly  Lycopersicon esculentum 

3.  Family  :  Solanaceae  

4.  Chromosome number  :  2n =2x=24 

5.  Center of Origin  :  Peru, Equador and Bolivia  

6.  Mode of pollination  :  Self-pollination 

7.  Out crossing percentage  :  1 to 10 % 

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

L.chmielewskii, L. pennellii, L. hirsutum, 

L. chilense, L. peruvianum 

 

Flower Biology: 

 

• Tomato flowers are bisexual, consist of united sepals at base. 

• Corolla is bright yellow in color and gamopetalous, 

• Androcium consist of 5 stamans with small filaments and large anthers and form a 

solid cone enclosing the pistil. Anther dehiscence is introrsely longitudinal. 

• Gynocium consist of superior, bicarpellary and syncarpous overy, with single style 

and bilobed stigma. 

• Anthisis starts in morning from 6.00 hrs and continuous till late morning (maximum 

between 7.00 to 9.00 hrs. 

• Stigma receptivity is from 16-18 hours before anthesis and 5 to 6 days after the 

anthesis  

• Pollen remains viable from 2 to 5 days (18-25 oC). 
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Selfing technique: For selfing covers the flower with butter paper bag. 

 

Emasculation: 

Emasculation is usually done in afternoon one day prior to anthesis/flower opening, when 

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 forecep 

between the sepals to grip the base of the anthers and/or petals which are then removed by a 

firm but steady pull. 

 

Crossing technique: 

Next day forenoon, pollen are collected on the tip of forcep by slitting the forcep  inside the 

anthers of mature flowers and then be lightly applied to the stigmatic surface and should be 

visible as a white covering. 

Forcep should be sterilized by dipping in alcohol or methylated spirit after each pollination. 

Protection of pollinated flowers by wrapping with cotton or small pollination bags is 

essential. 

 

Breeding objective: 

1. High fruit yield 

2. Earliness 

3. Fruit yield: 



• Large round fruit with adequate firmness and shelf life, uniform fruit size-shape, 

red colour and freedom from external blemishes or abnormalities for fresh market. 

• Large fruit size, high fruit quality and continuous production for home garden 

tomatoes. 

• Deep, uniformly red coloured tomatoes, pH below 4.4, high total soluble solids 

(4.5-7%) and high alcohol insoluble solids (AIS) in processing tomatoes. 

4. Indeterminate cultivars for greenhouse production 

5. Resistance to diseases: Fusarium wilt, verticillium wilt, late blight, early blight, 

septoria leaf spot, anthracnose, bacterial wilt, bacterial canker, tomato yellow leaf curl 

virus/tomato leaf curl virus, Root knot nematode 

6. Resistance to insect: Fruit borer, whitefly,  

7. Resistance to abiotic stresses: cold set varieties, hot set varieties, drought tolerance, 

salt tolerance, low temperature, germination and growth, chilling injury tolerance, 

herbicide tolerance. 

 

Breeding Methods: 

1. Introduction 

2. Pureline selection 

3. Pedigree method 

4. Single seed descent method 

5. Backcross method 

6. Mutation breeding: Tilling and Eco-tilling (reverse genetics) 

7. Heterosis breeding 

8. Biotechnological methods 

• Use of molecular markers for marker assisted selection 

• Genetic transformation 

 

Achievements:  

Varieties: GNTom-6, Pusa Ruby, Pusa Early Dwarf, HS 101, CO3, KS2, Punjab Chhuhara, 

Roma, Pant Bahar, Gujarat Tomato-3 and Gujarat Tomato-6 

Hybrids: Pusa Hybrid 1, Pusa Hybrid 2 

 

Research stations: 

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

                              Taiwan 

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

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

 

Exercise: 

Q-1 Do as directed 

(i) Describe the floral biology of tomato and draw the flower structure of tomato. 

(ii) Give breeding objectives of tomato. 

(iii) Give different research centres of tomato at international, national and state level. 



(iv) Enlist the different related/wild species of tomato 

Q-2 Explain the emasculation technique in tomato crop in detail. 

Q-3 Explain crossing technique in tomato crop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 The brinjal also knows as “Egg plant”.  

 Brinjal, tomato and pepper are the member of the nightshade family.  

 It is a mainly grown in plains and is available more or less throughout the year.  

 In India brinjal is cultivated throughout the country and liked by both poor and rich.  

 It is primarily used as cooked vegetable and popular for the preparation of various 

dishes in different regions of the country.  

 It is rich source of vitamin A and B. It has also medicinal value in Ayurveda.  

 

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

2. Botanical Name :  Solanum melongena L.  

3. Family  : Solanaceae  

4. Chromosome Number  : 2n =2x= 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. insanum, S. incanum  

 

Botanical varieties under the species S. melongena:  

Sr. No Variety Group Fruit shape / Plant type 

1. S. melongena var. esculentum Round or egg shape fruit 

2. S. melongena var. sopentium Long and cylindrical shape fruit 

3. S. melongena var. depressum Dwarf type plant 

 

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 % cross-

pollination is also 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. 

 Corolla is five lobbed gamopetalous (characterizing a corolla with partially or wholly 

fused petals) with margin of lobes incurved.  

 Anthers are cone shaped, free and with apical dehiscence  

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

 Ovary is hypogenous (having asuperior ovary and other floral organs attached bwelow the 

gynoecium on the receptacle), bicarpellary, syncarpous (gynoecium has multiple carpels 

"fused" into a single structure) and with basal placentation. 
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 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 from flower opening.  

 

Types of flowers depending upon the length of the style. 

a) Long style with big sized ovary. 

b) Medium styled with medium rudimentary ovary which do not produce fruits. 

c) Pseudo- short styled with rudimentary ovary which do not produce fruits. 

d) True short styled with very rudimentary ovary which do not Produce fruits.   

 

Selfing technique:- 

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

with muslin cloth bags. 

 

Emasculation:-  

 A healthy long 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.  

 

Crossing techniques:-  

 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 labelled 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 and jassids.        

 

Breeding Methods: 

1. Introduction 

2. Pureline selection 

3. Pedigree method 

4. Bulk method 

5. Single seed descent method 

6. Combination of bulk and pedigree method 

7. Backcross method 

8. Mutation breeding:  



9. Heterosis breeding 

10. Biotechnological methods: 

• Tissue culture- Anther culture, somaclonal variation and somatic hybridization 

• Use of molecular markers for molecular mapping and marker assisted 

selection 

• Genetic transformation 

 

Research station:-  

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

                               Shanhua, Taiwan. 

B. National:-  Indian Institute of Vegetable Research (IIVR), Varansi, UP 

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

 

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

Brinjal Oblong -1, JBGR-1, GJB-2, GJB-3, Pusa Purple long, Pusa Purple Cluster, Pusa 

Purple Round, Pusa kanti and Pusa Bhairav and Junagadh Brinjal Green Round-1 

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

 

Exercise: 

Q-1 Justify the following 

(i) In brinjal, short or medium styled bud is not selected for crossing. 

(ii) Long styled buds are selected for crossing in brinjal. 

(iii)  Normally self pollination is the rule in brinjal. 

Q-2 Do as Directed: 

(i) Give the botanical varieties of S.melongene with their features. 

(ii) Which vegetables are the members of nightshade family? 

(iii)  Describe the types of flowers in brinjal depending upon the length of the style. 

(iv) Mention the breeding objectives of egg plant. 

(v) Write about the floral biology of brinjal and draw the flower structure of brinjal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chillies are also called as pungent pepper, grown all over the world except in colder climates. 

It is a constituent of many foods, add flavour, colour, vitamin C and pungency to world food 

basket.  

Top chilli growing countries are India, China, Turkey, Nigeria, Mexico, Spain, USA, 

Indonesia, Korea, Bangladesh, Pakistan and Thailand. 

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 a good source of vitamin B complex and Vitamin B6 in particular.  

They are very high in potassium, magnesium and iron.  

 

1.  Name of crop  :  Chilli 

2.  Botanical name  :  Capsicum annuum   

3.  Family  :  Solanaceae  

4.  Chromosome number  :  2n = 2x = 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. cardenasii  

 

Different cultivated species of chilli 

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 

Greenish 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 Bolivia 
White flowers with the yellow corolla throat spots, 

yellow anthers, and the long, curved, 
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characteristically pendant fruits pedicels and leaf 

petioles.  

5. C. pubescens Peru and Bolivia 

Larger, showy purple flowers, soft pubescens 

leaves, yellow orange fruits, and black seeds are 

unique. 

 

Floral Biology: 

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

long pedicelled. Pedicels are erect, noding at the tip, light green shortly pubescent, terete and 

1.5 to 2.5 cm long and pentamerous. 

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

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

Corolla is gamopetalous, patent, flat, yellowish or greyish white deeply 5-partite and 0.5 to 

1.0 cm in diameter. 

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

The pistil comprises an overy of 2-3 carpels that is 2-5 mm long and 1.5-5 mm in diameter 

with capitate stigma. 

 

Selfing technique: To ensure cent percent selfing branch or entire plant are covered with 

muslin cloth bags, net or cotton bag after removal of open flowers and already set pods. 

 

Emasculation: 

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. 

If more than two flowers are present at a node, only one flower is 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 on the next day. 

Stigma receptivity to pollen is highest on the day of anthesis. 

 

Crossing technique: 

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

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. Stigma receptivity to pollen is highest on 

the day of anthesis. 

  

 



 
 

Breeding objectives: 

1. Higher green fruit yield 

2. Earliness 

3. Desirable fruit shape and size (long fruits in chilli), segmentwise fruit shape, size, 

wrinkleness, fruit colour, seed content and pungency in Indian context. 

4. High oleoresin content 

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

(iii) High pigment content and vitamin C (iv) High capsaicin (C18H27NO3, a fat 

soluble, flavorless, odourless and colourless compound) 

6. Resistance to diseases like common leaf-curl virus, fruit rot, cercospora leaf spot, 

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

7. Resistance/tolarance to insects like thrips, mites, aphid and fruit borer 

8. Resistance/tolarance to abiotic stresses (heat, water stress, salinity) 

9. Rejuvenation ability after winter in hot-pepper in north India 

 

Breeding Methods: 

1. Introduction 

2. Mass selection 

3. Pureline selection 

4. Pedigree method 

5. Single seed descent method 

6. Backcross method 

7. Mutation breeding 



8. Heterosis breeding 

9. Biotechnological methods 

• Use of molecular markers for marker assisted selection 

• Genetic transformation 

 

 

Achievements:  

Varieties: Hemlata, Bhagyalakshmi, Andhra jyoti, Pusa jwala, CO 2, Pant C-1, Punjab Lal, 

pusa Sada Bahar 

 

Research stations: 

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

                              Taiwan 

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

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

 

Exercise: 

Q-1 Do as directed 

(i) Describe the floral biology of chilli and draw the half flower diagram of chilli. 

(ii) Give breeding objectives of chilli. 

(iii) Enlist different cultivated species of chilli. 

(iv) Enlist the different related/wild species of chilli. 

Q-2 Explain the emasculation technique in chilli crop in detail. 

Q-3 Explain crossing technique in chilli crop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 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 Maharashtra, Gujarat, Andhra Pradesh, Bihar, Karnataka, 

Madhya Pradesh, Orissa, Tamil Nadu and Uttar Pradesh. 

 Onions are used in a large number of recipes and preparations spanning almost the 

totality of the world's cultures. 

 They are now available in fresh, frozen, canned, pickled, powdered, chopped and 

dehydrated forms. 

 Onions 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  

3.  Family  :  Alliaceae 

4.  Chromosome number  :  2n =2x=16 

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

6.  Mode of pollination  :  Cross-pollination (Protoandry) 

7.  Out crossing percentage  :  95 to 100% 

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

 

Two types of onions commercially grown in India: 

1. Common onion (Allium cepa var. cepa): This is most important in commercial trade. 

Bulbs are large, normally single and plants reproduce through seeds. 

2. Multiplier onion (Allium cepa var. aggregatum): This produces bulbs of smaller size 

and they are several in numbers to form an aggregated cluster. Propagation is usually 

vegetative via daughter bulbs. 

 

Floral Biology: 

 The flowering structure is called an umbel forms aggregate of small inflorescences 

(cymes) of 5 to 10 flowers, which open in a definite order and to last for 2 or more 

weeks. 

Date: Exercise-11 

ONION 



 The individuals flower contains 6 stamens, 3 carpels, united into one pistil and           

6 perianth segments. The pistil contains 3 locules each of which has 2 ovules. 

 The flower is protoandrus. Anthers shed pollen over a period of 3-4 days prior to 

stigma becomes receptive leading to cross-pollination. 

 

Bolting: When a onion plant produces a flower stolk is called as bolting. 

 

Selfing technique: In onion, selfing beyond S2-S3 generation is very difficult due to high 

inbreeding depression. Mostly selfing is done by sib-mating (rubbing umbels against each 

other) in cages or three ring muslin cloth bags are used for selfing.  

 

 
 

Emasculation:  

• 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. 

• When sufficient buds have been emasculated, the remaining young flower buds are 

removed. 

 

Crossing Technique: 

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

placed in a glass bottle filled with water.  

• This bottle is fastened to a bamboo/wooden stake and fixed in soil close to the female 

parent. Female parent umbel (emasculated one) and the pollen parent umbels are now 

enclosed in the same common bag.  



• For 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 houseflies 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 bulb storage life (self life) 

4. High total soluble solid content 

5. Breeding varieties for dehydration purpose 

6. Resistance to diseases (Purple blotch, basal rot, Stemphyllium blight, bacterial storage 

rot, downy mildew) 

7. Resistance to insect pests (thrips and jassids) 

8. Resistance to abiotic stresses (moisture stress, high temperature, salinity, alkalinity) 

9. Bulb quality: 

• Bulb size, shape and colour, bulb weight, bulb pungency, bulb firmness 

dormancy etc. 

• Dormancy is important for longer storage. 

• High TSS (14%) is important for dehydration industry producing chips and 

powder. 

• The amount of s-alkyl cysteine sulfoxide preculsors and the enzyme allinase 

contribute to the yield of sulphur compound that constitute the pungency of the 

onion bulbs. 

• Single centred bulbs especially for fresh market. 

10. Bolting resistant varieties specially for september-October planting. 

 

Method of reproduction onion:  

(1) Bulb to seed: It requires two seasons. In first seasons bulbs are obtained from seeds 

and in the next season these bulbs are planted and seed are harvested at the end of the 

second season. 

(2) Seed to seed (Bolting): In this method only one season is required to produce seed. 

Seeds are planted in nursery and seedlings are transplanted. In onion occasional 

bolting (appearance of flowering) occurs and if allowed to mature, these flowers will 

bear seeds taking food material from developing bulb under the soil surface. 

 

Breeding Methods: 

1. Introduction: Early Grano is an introduction into India. In long-day types, Brown 

Spanish was also a successful introduction. 

2. Mass selection: Common in cross-pollinated crops. Most of the onion varieties in 

India have been developed by mass selection. 

3. Pedigree method 

4. Backcross method 

5. Selfing and massing: Suggested by Jones and Mann (1963). This method is very 

good for improvement in a crop, where inbreeding depression is common. 



Improvement in cultivar can be effected by selfing followed by massing. The 

procedure is as follows. 

• First year (bulb crop): Select 100 best bulbs of desired type. 

• Second year (seed crop): Grow selected bulbs, self one or more umbels per plant to 

initiate a separate line each. 

• Third year (bulb crop): Grow the progenies of each inbred line separately. Discard 

the poor performing lines during the growing season, at harvest or in storage. Select at 

least 25 best lines and keep 15-20 bulbs of each for selfing and open pollination for 

next year. 

• Fourth year (seed crop): Self pollinate 1-2 umbels in each plant and allow others to 

open pollinate. Mass open pollinated seed and increase for large-scale production for 

more than two generations to avoid much inbreeding depression. 

• Fifth year (bulb crop): Grow the selfed progenies separately. Select again the best 

25 lines and 15-20 bulbs of each lines as above in the third year. 

• Sixth year (seed crop): Composite and plant bulbs of all selections in a field or in a 

cage for free open pollination in between the unrelated lines. The open pollinated seed 

can be massed and increased as foundation seed. 

6. Hybridization: Used when we want to introduce characters from other varieties. 

• Intervarietal : Very common 

• Interspecific : Very rare 

7. Heterosis breeding: The F1 hybrids are high yielding with uniformity in bulb size, 

the two most desired characters. 

8. Biotechnology: 

• Production of double haploids 

• Marker assisted selection 

 

Procedure of hybrid seed Production in onion 
 

Principle of hybrid seed production: 

In onion, hybrid seed production is based on Cytoplasmic Male Sterility system (CMS) 

involving A, B, and C or R lines which have following genetic constitution. 

A line = S msms 

B line = N msms 

C line = N MsMs or N Msms or N msms or S MsMs or S Msms 

 

Maintenance of Parental lines: 

I. A line: A line is maintained by crossing with male fertile non-restorer B line. The A 

and B lines are generally planted in the same cage. Equal number of bulbs of the A 

and B lines are usually planted in separate row in the cage. Once anthesis starts, each 

plant checked carefully for fertile pollen production.  It is essential to rough out any 

pollen –fertile plants from the A line. A maturity, seed is harvested from A line. On 

large scale seed increase, A line is produced by planting A and B lines in alternate 

rows by keeping isolation distance not less than 3 km between two pollen-fertile lines. 



II. B line: Line is maintained by selfing or sib-mating. Rogue out any pollen-sterile plant 

from B line planted in the cage for maintenance of A-line. Harvest of seed from B line 

separately.   

III. C line: Line is maintained by selfing or sib-mating by planting in a net cage in 

isolation. Rogue out the off-type plant from C line. On large scale seed increase,                   

C line is planted in isolation by keeping 3 km distance from other fertile onion line. 

 

Production of hybrid seed: 

• The hybrid seed is produced in open in an isolated field. Carefully selected bulbs of             

A line and C line are planted in alternate rows in the ratio of 4:1 or 8:2 or 12 :2. 

• The bulbs are generally planted in rows 50 to 100 cm apart to facilitate cultural 

operations. 

• The flowering of A and C lines must synchronize and which can be achieved by: 

i. Adjustment of storage temperature (warmer storage temperature within the 

range of 0-12oC causes earlier flowering). 

ii. Adjustment of planting dates (early planting causes earlier flowering) 

• In large fields, 3-4 beehives/0.40 ha are placed to ensure large population of honey 

bees for cross-pollination. 

• Daily rouging of pollen shedding plants and other off type plants in A line in the 

morning before dehiscence of anthers is essential. Roguing should be done at bulb 

stage as well as at the time of flowering. 

• The isolation distance from other onion fields should be at least 2 km. 

• Bulb to seed method is used in hybrid seed production. 

 

Seed harvesting: 

Seed maturity takes approximately 30-50 days after anthesis, depending on cultivar. 

Harvest the crop when 5-10 % capsule shows black seeds. Male plants (C line) are harvested 

or destroyed before the female is harvested to avoid contamination. After harvest, the umbels 

can be dried by sun drying, drying on racks in sheds or in bins with forced war air. The 

threshed seed is dried to <12% moisture and store at <8% moisture. 

Seed Yield: Hybrid seed yields 100-500 kg/ha 

 

Achievements: 

Improved varieties: 

• Kharif: Agrifound Dark Red, N-53, Agrifound White, Phule Safed, Gujarat Junagadh 

Red Onion- 11, CO 5 

• Rabi: Agrifound Light Red, Pilipatti, Talaja Red, Arka Niketan, Gujarat White 

Onion-1, Gujarat Junagadh White Onion- 3, Agrifound White.  

Hybrid varieties: Arka Lalima and Arka Niketan 

 

Research stations: 

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

Taiwan 

B. National: ICAR-Directorate of Onion and Garlic Research, Rajgurunagar, Pune, Maharashtra 



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

 

Exercise: 

Q-1 Do as directed 

(i) Give the breeding objectives of onion. 

(ii) Which are the wild species of onion? 

(iii) Explain crossing technique in onion crop. 

(iv) How selfing is done in onion crop? 

(v) Give the emasculation technique in onion crop. 

(vi) Define bolting. 

(vii) Give different types of onion commercially grown in India. 

Q-2 Describe the floral biology of onion and draw the V.S. of lower of onion. 

Q-3 Describe the different method of reproduction in onion. 

Q-4 Explain detail procedure of hybrid seed production in onion. 

Q-5 Give in detail the steps involved in selfing and massing method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Garlic has long been recognized all over the world as valuable condiments for foods 

and as a popular folk remedy or medicine for various ailments and physiological 

disorders.  

 It has also insecticidal, fungicidal and bactericidal properties.  

 India is a larger producer of garlic and grown throughout the country. 

 Garlic is a good source of amino acids and protein. 

 Garlic contains amino acid allin and the enzyme allinase convert allin into allicin. 

 Pungency is due to Diallyl disulphide (60%) and Allylpropyl disulphide (20%). 

 This crop is another foreign earner of India.  

   

1.  Name of crop  :  Garlic 

2.  Botanical name  :  Allium sativum L. 

3.  Family  :  Amaryllidaceae 

4.  Chromosome number  :  2n =2x=16 

5.  Center of Origin  :  Central Asia  

6.  Mode of pollination  :  Cross-pollination  

8.  Related/wild species  :  A. lingicuspis, A. vineale 

 

Garlic flowers:  

 The flowers are placed at the end of a stalk rising directly from the bulb, grouped 

together in a globular head, or umbel, with an enclosing leaf-like structure called 

spathae, and among them are small bulbils.  

 Garlic flowers, though pretty, were rarely picked as ornament because of their strong 

odour. 

 Garlic plants are sexually sterile and only propagates through bulblets or cloves.  

 Garlic plants are obligate opomictics or there is presence of absolute apomixes in 

garlic. 

 

Garlic bulbs: The garlic bulbs consist of 6-35 smaller bulblet is called “cloves”. 
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Breeding objective: 

1. Higher yield 

2. Larger bulb size 

3. Bulb quality: White colour, high pungency and compact cloves 

4. Resistance to disease: Mosaic, purple blotch and stemphylium blight 

5. Resistance to insect-pest: Mite aphid and thrips 

6. Longer storage life 

 

Breeding Methods: In garlic, exclusion of sexuality is a major handicap. However, 

following methods are used in garlic breeding. 

1. Mass selection 

2. Clonal selection 

3. Mutation breeding 

4. Tissue culture: Somaclonal variation 

 

Achievements: 

Varieties: Gujarat Garlic-4, Gujarat Junagadh Garlic-5, Yamuna safed, Agrifound white, G-

282, Agrifound parvati, Bhima Omlkare, Bhima purple, Pant Rohit, Madrasi, Ooty-1 

 

Research stations: 

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

                              Taiwan 

B. National: ICAR-Directorate of Onion and Garlic Research, Rajgurunagar, Pune, Maharashtra 

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

 



 

Exercise: 

Q-1 Do as directed 

(i) Explain the features of garlic flower 

(ii) Enlist breeding objectives of garlic. 

(iii) Enlist the different related/wild species of garlic 

(iv) Give the name of compound responsible for pungency in garlic. 

(v) Draw the flower structure of garlic 

(vi) Define clove 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Cumin seed is one of the most important condiments and it is one of the earliest 

known minor spices used by mankind. 

 The typical pleasant aroma which the seeds possess is due to its volatile oil content 

varies from 2.5 to 5.6 per cent. Cuminol or the cuminaldehyde is the principal 

constituent of the volatile oil. 

 The seed of cumin also content 14.3 to 24.0 per cent ether extract, 17.7 per cent 

protein, 35.5 per cent carbohydrate and 7.7 per cent ash. They are also rich in 

vitamins, particularly, B1, B2, A and C. 

 The cumin seeds form an essential ingredient of all mixed spices and curry powders 

for flavouring vegetables, pickles, sausages, cheese and for seasoning bread, cakes 

and biscuits. 

 It is also used in perfumery and for flavouring liquors and cordials. 

 Seed are also used in Aurvedic medicine prescribed for stomach-ache and dyspepsia, 

diarrhoea and hoarseness of voice. 

 The seeds have diuretic, carminative, stimulant, astringent and emmenagogue 

properties which make them useful for medicinal preparations.  

 

1.  Name of crop  :  Cumin 

2.  Botanical name  :  Cuminum cyminum L. 

3.  Family  :  Apiaceae 

Synonym: Umbelliferae 

4.  Chromosome number  :  2n =2x=14 

5.  Center of Origin  :  Egypt and Syria, Turkestan and the 

Eastern Mediterranean region. 

6.  Mode of pollination  :  Cross-pollination (Protoandry) 

7.  Out crossing percentage  :  80 to 100% 

 

Floral Biology: 

 Flowers, small and borne in compound umbels about 2 to 3 cm across.  

 Calyx is five-toothed gamosepalous.  

 Corolla consists of five pink-coloured but sometimes white-coloured petals united at 

base. 

 Androecium consists of five stamens; anthers mature earlier than the stigma becomes 

receptive (protoandry).  
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 Gynoecium has two carpels with syncarpous inferior ovary, stigma persisting as 

distinct stylopodium. 

 The commonly known cumin seed is a schizocarpic fruit-each mericarp with concave 

inner and convex outer surface, contains a single seed embedded in the endosperm. 

 Cross pollination mediated through bees is the rule. 

 

 
 

Selfing technique: Selfing is done with sib-mating in enclose chambers (cages) of muslin 

cloth bags. 

 

Breeding Objectives: 

1. High seed yield: High number of umbels per plant, umbellates per umbels, 

seeds per umbellate, primary and secondary branches per plant are contribute 

towards high seed yield  

2. Resistance to biotic and abiotic stresses: 

• The most important diseases in cumin cultivation are: wilt, blight and powdery 

mildew and aphids 

• Abiotic (cold, drought, salinity) stresses 

 

Breeding Methods: 

Cumin is a cross pollinated crop, and bees often help in pollination. The flowers being 

small and slender, artificial pollination is rather difficult and varieties are developed by sib- 



mating in enclosed chambers. Most of the varieties that are available today are selections. In 

Morocco, an individual selection of plants from the local collections was used to produce 

improved varieties. Hybridization is also done by growing parents in common cage hybrids 

are obtained by a chance. Following are the main methods of breeding in cumin. 

1. Selection 

2. Hybridization 

3. Mutation breeding 

4. Tissue culture: Somaclonal variations 

 

Achievements: 

Varieties: GC-1, GC-2, GC-3, GC-4, S-404, MC 43, Vijapur, UC 198, RZ-19, RZ-209 

 

Research stations:   
 

a) National level: ICAR-National Research Centre on Seed Spices, Ajmer, Rajasthan 

b) State level: Seed Spices Research Station, SDAU, Jagudan 

 

Exercise:  

Q-1 Do as directed 

(i) Describe the floral biology of cumin and draw the floret of cumin. 

(ii) Give different seed spices research stations at national as well as state level. 

(iii) Give the breeding objectives of cumin. 

(iv) Which is the principle compound of volatile oil in cumin? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

• Coriander is mainly cultivated for its fruits and leaves, which have a fragrant odour 

and pleasant aromatic taste.  

• It is cultivated in Morocco, Russia, Bulgaria, Mexico, USA, Argentina, China, 

Romania, Italy, Japan, Hungary, Poland, Czechoslovakia, Guatemala and India. 

• The odour and the taste are due to an essential oil, containing of hydrocarbons and 

oxygenated compounds.  

• The oil content ranges from 0.10% to 1.00% in the dry seeds which is volatile in 

nature. Besides the essential oil, the seed contains 19 to 21 % fatty oil, which is used 

for the preparation of soaps of pleasant odour and good lathering property. Whole or 

ground fruits are a major ingredient of curry powder 

• About 5% oleoresin may be extracted from seed.  

 

1.  Name of crop  :  Coriander 

2.  Botanical name  :  Coriandrum sativum L. 

3.  Family  :  Apiaceae 

Synonym: Umbelliferae 

4.  Chromosome number  :  2n =2x=22 

5.  Center of Origin  :  Mediterranean region. 

6.  Mode of pollination  :  Cross-pollination  

(protoandry & andro-monoecious) 

7.  Out crossing percentage  :  50 to 60% 

8.  Related/wild species  :  Coriandrum tordylium 

 

Floral Biology: 

 Flowers small and borne in compound umbels, about 4.0 cm across;  

 Calyx-gamosepalous, green and 5-toothed;  

 Corolla with 5 white or pink-coloured petals of unequal size;  

 Androecium:- Stamens 5 with spreading filaments.  

 Hermaphrodite or staminate flowers may occur in the same umbel. Hermophrodiate 

flowers are present at periphery while unisexual flowers are present innerside. 

 Gynoeciums: Two carpel with syncarpous inferior ovary.  

 The schizocarp fruit consist of two mericarps, inner surface of which is concave and 

outer convex. 
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Selfing technique: Selfing is done with sib-mating in chambers (cages) of muslin cloths. 

 

Anthesis: 

 First umbel unfolds after 66-76 day from the date of sowing, while the last umbel on 

the same plant unfolds 96-102 days after sowing.  

 First sign of anthesis is indicated by the appearance of cracks at the top the buds in the 

sepals which proceed downwards.  

 Cracking of the florets starts in the afternoon around 14.00 hrs. The following day 

ending 21 to 22 hours after the first sign of cracking of sepals, the process of 

unfolding of petals exposing the stigma is completed by 11.30 hrs and 13.30 hrs in 

most of the florets. 

 Dehiscence of anthers starts 30 to 40 minutes of unfolding of the flower and is 

completed is about 20-25 minutes.  

 With the increase in maximum temperatures dehiscence is hastened and is completed 

in short period.  

 Stigma is normally shiny and healthy about 6 hours after anthesis and remains so up 

to 6-7 hours. 

 

Emasculation: 

 Florets ready for anthesis were found most suitable for emasculation.  

 As the florets are small and delicate in nature, binocular loupe (2.5x) is used for 

emasculation.  

 Emasculation either in the previous day evening (15:00 to 18:00 h) or in morning 

(07:00 to 08:00 h) was found suitable. However, dew was an obstruction during the 

morning hours.  

 The emasculated florets were bagged immediately after emasculation. 

 



Crossing technique: 

 Fresh pollens are collected from just opened florets. The pollination is carried out on 

the 3rd day of emasculation.  

 Repeat pollination on 3rd and 4th day of emasculation was found better than one time 

pollination. 

 Pollen remains viable for two days in the field condition and three weeks at 25oC in 

incubator 

 

Breeding objectives: 

1. High seed yield: High number of umbels per plant, umbellates per umbels, 

seeds per umbellate, primary and secondary branches per plant are contribute 

towards high yield  

2. High number of leaves  

3. High essential oil content 

4. Varieties adaptable for different agro – climatic regions. 

5. Biotic and abiotic stress resistance: 

• Biotic stress: Resistance to wilt, powdery mildew and stem gall and aphids 

• Abiotic stress: Resistance to frost, cold, drought, salinity 

 

Breeding Methods: 

1. Selection 

2. Hybridization 

3. Mutation breeding 

4. Tissue culture: Somaclonal variations 

 

Achievements: 

Varieties: Ajmer Coriander-1, Ajmer Coriander-2, GC-1, GC-2, AGCr-1, RCr-41, RCr-20, 

RCr-435, RCr-436, CS-2 (Sindhu), CO-1, CO-2, Pant Haritima and Hisar Sugandh  

 

Research stations:   
 

a) National level: ICAR-National Research Centre on Seed Spices, Ajmer, Rajasthan 

b) State level: Seed Spices Research Station, SDAU, Jagudan 

 

Exercise: 

Q-1 Do as directed 

(i) Give different seed spices research stations at national as well as state level. 

(ii) Give the breeding objectives of coriander. 

(iii) Explain crossing technique in coriander crop. 

(iv) Give the emasculation technique in coriander crop. 

Q-2 Describe the floral biology of coriander and draw the L.S. of floret of coriander. 

Q-3 Give in detail process of anthesis in coriander 

 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=15298


Maintenance Breeding: 

a) Objective: Maintenance of genetic purity of a variety 

b) Principle: Maintenance breeding refers to the process to maintain uniform expression 

of all the distinguishable traits of a variety year after year without any genetic drift. It 

requires negative selection i.e., the plant progeny which deviates in expression has to 

be rejected but there is no positive selection for performance. 

 Maintenance breeding is adopted to maintain genetic purity, quality and health of the 

variety. It produces true to the type, healthy and quality seed sowing material to produce 

Breeder seed for exploitation of the variety to enhance production and extend the life of 

the variety. 

 It maintains a population in an organized and systematic way to retain the relationship of 

small quantity of Nucleus seed with that originally selected by the concerned plant 

breeder. 

Maintenance of nucleus and breeder seed 

Self pollinated crops 

• Maintenance of newly released variety 

• Maintenance of established variety 

Cross pollinated crops 

• Maintenance of newly released variety 

• Maintenance of established variety 

 

The nucleus or breeder seed should be produced in such a manner that it strictly satisfy 

the genetic purity and identify the quality of seeds. It should subsequently maintain the 

quality of foundation and certified seed produced / multiplied from it.  

 

A. Maintenance of Nucleus and Breeder seed in self pollinated crops: 

• The variety of self-pollinated crops should be completely homogenous (uniform).  

• However, in practice some amount of variation may occur during seed production 

cycle due to natural crossing.  

• Therefore, purification of such variety during maintenance of nucleus/breeder seed is 

necessary.  

• The methods of maintaining nucleus/breeder seed can be divided in two groups.  

1. Maintenance of newly released variety  

2. Maintenance of established variety.  

 

1.1 Maintenance of nucleus seed of newly released variety: 

• Harrington (1952) outlined the procedure for maintenance of nucleus seed of newly 

released variety as under.  

a) Sampling of the variety to obtain nucleus seed 
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b) Table examination of the samples 

c) Location and seeding of nucleus seed  

d) Inspection of two rows plot and removal of off types 

e) Harvesting, threshing and seed treatment of nucleus seed 

 

a) Sampling of the variety to obtain nucleus seed  

• The selected plants or lines which are highly promising in yield trials or breeding 

nurseries should be sampled for seed purification.  

• Maximum fifteen such promising line at a research station should be sampled in one 

year.  

• Approximately 200 plants from the central rows should be selected.  

• To avoid shattering of the seeds, these plants should be pulled 4 to 5 days before the 

grains are fully mature.  

• To prevent breakage or loss, these plants should be tied in a bundle and wrapped in a 

cloth or paper.  

• Store properly these bundles till final yield results are available. Discard any of these 

bundle found inferior in yield and quality based on the results.  

 

b) Table examination of the samples 

• The two hundred plants of each sample should be threshed separately, clean the seeds 

and examine in piles on the table.  

• Discard the pile found off type, diseased or not uniform.  

• The seed of these selected two hundred plants is called nucleus seed, which is to be 

sown in a variety purification nursery.  

 

c) Location and seeding of nucleus seed 

• Each nucleus seed should be grown on clean fertile land at the research farm in the 

region or area for which it is to be released.  

• The land to be used for sowing the nucleus seed must not had the same crop sown in 

the previous year.  

• The 200 progenies of a nucleus should be sown in 50 double rows plots in four series.  

• To facilitate examination of rows during different growth stage the plot to plot 

distance should be at least 45 cm.  

• It should be isolated properly to prevent contamination by natural crossing.  

d) Inspection of two rows plot and removal of off types 

• From seedling stage up to maturity, the plot should be examined critically.  

• Differences in early plant growth, rate of growth, time of heading, plant height, head 

characters and disease reaction should be observed if any plot differs from the average 

in such traits, it should be removed.  

• From flowering to maturity, roguing should be done based upon ear-head characters.  

e) Harvesting and threshing of nucleus 

• Each plot of the nucleus should be harvested separately, tied in bundle with proper 

labeling.  



• Thresh the bundle individually, clean the seeds taking care that it should not get 

mixed with seeds of another plot.  

• The seeds should be treated with fungicide and insecticide, bagged and labeled 

properly and stored as “Breeder’s stock seed”.  

 

1.2 Maintenance of Breeder seed of newly released variety 

• Breeder’s stock seed obtained from nucleus should be sown on clean fertile land.  

• The land to be used for sowing should not have a crop of the same kind grown in the 

previous year.  

• The land requirement varies with the crop. e.g. In case of wheat about 1.2 ha. while, 

in case of transplanted paddy the land requirement is 3 hectare.  

• The seed should be properly isolated as per the seed certification standard.  

• The field should be produced at research farm of university and in the area or region 

for which the variety has been bred.  

• The sowing should be done in rows keeping sufficient spacing between rows so as to 

permit examination of plants for mixtures or off type.  

• Roguing should be critically done before flowering i.e. during growth period and after 

flowering i.e. during reproductive stage.  

• Harvesting, threshing, drying, cleaning, bagging and labeling should be carried out 

with most care to avoid contamination.  

• A portion of breeder seed should be retained by the plant breeder to multiply the stock 

with 100 % genetic purity.  

 

2.1 Maintenance of Breeder seed of established variety: 

• The breeder seed of established variety can be maintained by two ways.  

i. By raising the crop in isolation : The breeder seed of established variety can be 

maintained by growing it in isolated plots and by rigorous roguing during 

various stages of crop growth by observing plant characters.  

ii. By Bulk selection : In this method 2000 to 2500 plants representing typical 

plants characters of the variety are selected, harvested and threshed, 

separately.  

• The seeds from each selected plant are examined by table examination making piles 

of the individual plant and if seeds of any pile found off type or dissimilar than it is 

discarded.  

• The remaining piles are bulked to constitute the breeder seed.  

• How long a particular method should be used depends on the rate of deterioration in a 

variety either through natural crossing or mutation or mechanical mixture. 

• If enough care is taken while production, we can maintain the genetic purity for 

several generations.  

• Carry over seed : A portion of breeder seed retained by the plant breeder for 

continuation of a variety is called carry over seed. The breeder must retain enough 

quantity of seeds to safeguard against the loss of variety if there is complete failure 

during the foundation seed multiplication phase.  



B. Methods of maintaining nucleus and breeder seed in cross pollinated crop: 

• Maintenance of variety of cross pollinated crops is complicated because it involves 

the maintenance of parental material and the method of breeding the variety.  

 

1. Maintenance of nucleus seed of inbred lines 

• It involves self pollination, sib pollination or combination of both the procedures.  

• Generally, sibbing (mating between the siblings) is preferred because it does not 

reduce the vigour excessively. However, if a change in breeding behavior is observed 

then selfing should be used as a means of stabilizing the inbred lines.  

• Alternate selfing and sibbing is generally practiced to maintain the parent material.  

• The individual ear head obtained through selfing or sibbing is carefully examined and 

those appearing off type or inferior in any characters like texture, color, seed size, 

seed shape, and shape and size of ear head are discarded.  

• The remaining ear heads are then threshed separately and are planted in ear to row 

method or all ear heads of an inbred are bulked for increase in the next season.  

• Seed multiplication is carried out in isolation.  

• Roguing is carried out at different growth stages.  

• Harvesting is done at physiological maturity. Generally, ear to row line (Progeny 

rows) is harvested, separately.  

• Threshing or shelling is carried out in bulk or individually and then composited by 

examining the seeds.  

 

2. Maintenance of breeder seed of inbred lines: 

• The breeder’s stock obtained from nucleus seed is planted in an isolated field.  

• Attention is paid to land, isolation, roguing, harvesting, shelling and drying so as to 

maintain maximum possible genetic purity.  

 

3. Maintenance of breeder seed of established variety: 

• The breeder seed of established variety can be maintained in two ways :  

1. By raising the crop in isolation and roguing the off types thoroughly at various 

stages of crop growth right from sowing to maturity.  

2. By mass selection: The crop is grown under isolation and roguing is carried out at 

different growth stages.  

• At maturity 2000 to 2500 true to type plants are selected.  

• The selected plants are harvested separately and after careful examination they are 

bulked to constitute the breeder seed.  

 

 

 

 

 

 

 

 



 



 
 

 

 



 

 
 

 



Exercise: 

Q-1 Do as directed 

(i) Give the objective and principle of maintenance breeding. 

(ii) Explain the procedure of maintenance of nucleus seed of newly released variety of 

self-pollinated crop. 

(iii) Explain the procedure of maintenance of breeder seed of newly released variety of 

self-pollinated crop. 

(iv) Give the procedure of maintenance of breeder seed of established variety of                     

self-pollinated crop. 

(v) Write the method of maintenance of nucleus seed of inbred line of cross-pollinated 

crop 

(vi) Write the method of maintenance of breeder seed of inbred line of cross-pollinated 

crop 

(vii) Give the procedure of maintenance of breeder seed of established variety of                     

cross-pollinated crop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Q.1 Where did you visit a seed production plot? 

 

 

Q.2 Name the crop in which seed production was taken up by the farmer/organizer. 

 

 

Q.3 What are the criteria for selection of a site for production plot? 

 

 

Q.4 Write the Name of variety/hybrid and its parentage details. 

 

 

Q.5 What was the isolation distance and planting ratio kept?  

 

 

Q.6 What were the important stages of rouging in this seed production plot? 

 

 

Q.7 Write the following agronomical details of seed production plot? 

 1. Date of sowing: 

Date: Exercise-16 

1. VISIT TO VARIETAL/HYBRID SEED PRODUCTION PLOT 



 2. Spacing: a) Row to row: 

  b) Plant to plant: 

 3. Fertilizer:  a)  Basal: 

  b) Top dressing: 

 4. Number of  irrigation: 

 5. Number of  weeding 

 

Q.8 What was the expected yield of hybrid/ variety seed production? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. VISIT TO AICRP PLOT 
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