
Wheat- Triticum aestivum 

I. SYSTEMATIC POSITION 

Division    :  Angiospermae 

Class    :  Monocotyledonae 

Series     :  Glumaceae 

order    : Graminales 

Family    : Gramineae (Poaceae) 

tribe    : Hordeae 

Sub-tribe   : Triticinae 

Genus & Species  : Triticinae 

 Origin: Originated in South Western Asia. Many wild species may be found growing in 

Lebanon, Syria, Northern Israel. Iraq, Eastern Turkey. 
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Origin of Hexaploid Wheat: 
Triticum monococcum  X Unknown 

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

    
    2x=14(AB) 

    Chomosomes doubled   Triticum tauschii 

    Triticum turgidum  X 2n=2x=14 (DD) 

    Tetraploid wheat 

2n=4x=28 (AABB) 

      

 

3x=21 

      ABD 

      Chromosomes doubled 

      2n=6x=42 

      (AABBDD) 

     Triticum aestivum hexaploid wheat  

 

 HOMEOLOGOUS GROUPS IN HEXAPLLOID WHEAT 

the 21 chromeosomes of hexaploid wheat have been assigned into homeologous groups, each 

homologous groups containing a partially homologous chromosome from each of the A,B 

and D genomes. Hexaploid wheat acquired the property of diploid pairing from a mutation 

on chromosome 5B, which inhibits pairing between homeologous chromosomes. 

Homeologous groups Genomes and Chromosome number 

A B D 

1 1A 1B 1D 

2 2A 2B 2D 

3 3A 3B 3D 

4 4A 4B 4D 

5 5A 5B 5D 

6 6A 6B 6D 

7 7A 7B 7D 

 

II. DESCRIPTION: 

HABIT : A cultivated annual crop plant 

ROOT  : Adventitious 

STEM  :  Herbaceous, erect; cylindrical, fistular, with distinct nodes and internodes unbranched,  

    fibrous, a number of tillers. 

LEAF   : Simple, alternate, green, exstipulate, entire margin, acute apex, sheathing leaf base,ata    

  the junction of leaf sheath and leaf blade membranous ligule present,parallel venation. 

INFLORESCENCE :  Spike fo spikelets 



FLOWER : Bracteate, sessile, hermaphrodite, zygomorphic, incomplete, hypogynous, flower lies 

between superior and inferior palea.  

PERIANTH : Two-membranous scales, the lodicules. 

ANDROECIUM : Stamens 3, polyandrous, filament long, anthers dorsifixed when young and 

versatile, when mature. 

GYNOECIUM: Monocarpellary, ovary superior, unilocular, simple ovule, basal placentation, 

style short stigma two, feathery. 

GRAIN : A wheat grain is a caryopsis, a small, dry,. indehiscent, one seeded fruit with a thin 

tight pericarp. It consist of a germ, or embryo and an endosperm. Shape is ovate, elliptical or 

ovral, colours are reddish brown, white or gradation between white and red. 

 POLLINATION: Wheat is a self-pollinating crop under natural conditions, little outcrossing 

occurs, wheat flower is easy to emasculate and pollinate Genetic and cytoplasmic male 

sterility are available in wheat. 

 HYBRIDIZATION: 

 EMASCULATION TOOLS:  1. Tweezers 

     2.Scissors 

     3. Marking Tags 

     4.Bags to cover the spike 

 

III. OBJECTIVES IN WHEAT BREEDING: 

 Certain main objectives are: 

1.Grain yield 

2.Maturity 

3.Lodging resistance 

4.Drought resistance 

5.Disease resistance Insect resistance  

6.grain quality 

 

IV. BREEDING METHODS: The methods of breeding wheat indude (1) Introduction (2) 

Selection (3) Hybridization (4) Hybrid variety development. 

 

V. BREEDING TECHNIQUES: 

Breeding procedures can be considered under two broad categories: 

1. Creating variation by hybridization and alteration of chromosomes.  

2. Inducing variation by mutagenic agents. 

 

Selection is basic to all procedures 

1. SELECTION OF PARENTAL MATERIAL: 

The parents are selected depending on the specific objectives. Collection and screening of new 

germplasm is very important. 
 

 



2. DEVELOPMENT OF CROSSES: 

Various combinations viz. simple, three-way, sequential crosses, back-crosses, interspecific and 

intergeneric crosses etc. 

 

3. METHODS OF STUDYING PROGENY FROM CROSSES: 

There are several ways of handling the segregating generations. the following approaches are 

used. 

A. Pure line Method 

B. Bulk or Mass Method. 

C. Modifications of line and mass method-mass Pedigree approach. 

D. Backcrossing. 

E. Transgressive breeding 

4. MUTATION BREEDING: 

Various types of chemical and physical mutagens are used for creation of desirable variations 

among trains. 

 

5. HYBRID WHEAT: 

Breeding and utilization of hybrid wheat involves three steps. 

A. Development and maintenance of male sterile lines (Development of A line male sterile and 

line male Fertile,  non-restorer) 

B. Crossing of male steriles with fertility restoring lines (Hybrid AxR line, R-line is male fertile, 

with fertility restoring  genes) 

C. Utilization of there in the commercial production of hybrid seed. 

 

6. MOLECULAR BREEDING : MAJOR EMPHASIS IS ON FOLLOWING: 

A.DNA marker technology for gene characterization, marker assisted selection and gene 

pyramiding. 

B. Widening the gene pool through application of genetic engineering techniques and wide 

hybridization through engineering resistance for biotic stress and other traits. 

 

VI. CHARACTERS OF ECONOMIC IMPORTANCE IN WHEAT: 

1. Growth habit of plants. 

2. Maturity 

3. Height 

4. Tillering 

5. Spike length 

6. Number of spikelets 

7. Shattering 

8. Diseases and pests 

9. Grain quality. 

 



 

VII. MAJOR WHEAT DISEASES: 
 

DISEASE     CAUSAL AGENT 

1. Leaf rust (Brown rust)   Puccinia recondita 

2. Stem rust (Black rust)   Puccinia graminis tritici 

3. Stripe rust (Yellow rust)   Puccina striiformis 

4. Loose smut    Ustilago tritici 

5. Common Bunt    Tilletia caries, T. foetida 

6. Karnal bunt    Neovossia indica 

7. Powdery mildew     Erysiphe graminis tritici 

8. Leaf blight complex    Helminthosporium sativum 

       & Alternaria triticina 

VIII. INSECT ATTACKING WHEAT: 

(A) Field Pests: In India insects do not pase serious problems in the field 

1. cutworms – Army cutworm    - Chorizagrotis auxiliaries 

2. cutworms – Pale western cutworm    - Agrotis orthogonia 

3. Wireworm-Wheat wireworm    - Agriotes mancus 

4. Whitegrubs      - Phyllophaga lanceolata 

5. cereal leaf beetle     - Oulema melanopus 

6. Chinch bugs      - Blissus leucopterus 

7. Aphad       - Macrosiphum miscanthi 

8. Shoot fly      - Atherigona naqvii 

9. Termites      - Microtermes obesi 

10. Nematodes      - ear cockle (Anguiva tritice) and molya  

       (Heterodera avenae) 

11. Brown wheat mite     - Petrobia latens 

 

(B) Store Pests 

Macrosiphum miscanthi. 

1. the rice weevil- Sitophilus oryzae linn 

2. Rust Red-Flowerbeetle-Tribolium Castaneun 

3. Grain moth-Sitotroga cerealella alive 

4. Grain borer-Rhizopertha dominica Fab 

IX. GRAIN QUALITY CHARACTERS 

1. Milling quality 

2. Baking quality 

3. Macaroni or Semolina 

4. Protein and gluten content in grain 

 

 

 



X. VARITIES: 

I. Irrigated timely sown conditions (140 days duration) 

UP2338, PBW343, CPAN 3004, WH542, Raj3077, PBW154, WH 283, HD2329, HD2428, 

PBW154. 
 

II. Irrigated late sown conditions (115 days duration) 

UP2338, Raj3765, HD2270, PBW226, WH2991, HD2285. 
 

III. Durum varieties 

DL153-2, PBW175, IWP72, PBW65, WL2265, Wl410, C306. 

 

IV. Varieties released from Pantnagar University: 

Kalyansona, Sonalika, UP301, UP215, UP310,UP319, UP362, UP368, UP115, UP2003, 

UP2121, UP2113 UP1109, UP2328, UP2382, UP2425 
 

XI.CULTURAL PRACTICES: 

I. FIELD PREPARATION: 

Seed bed preparations, nutritional imbalances, weeds etc. are to be considered,  
 

II. TIME OF SOWING: 

Most suitable sowing time is considered when average daily temperature drops down to 22-23o 

C. 
 

III. DEPTH OF SOWING: 

Seed should be placed 5-6 cm. deep below the soil, where sufficient moisture is available  
 

IV. SEED RATE AND SPACING: 

As a standard procedure, 100 Kg of seed is sufficient for one hectare if the seed viability is 

around 85%. The distance between rows should be 22-22.5 cm. 
 

V.IRRIGATION SCHEDULE: 

Four to six irrigations depending on soil and climatic conditions. 

 

LAB EXERCISE NO. 
 

1. Study plant specimen and draw various parts and draw various parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop. 

3. Study germplasm, breeding material and yield evaluation trails during field visit. 

4. Study various types of diseases and pest of the crops. 

5. List the most conspicuous differences between the important varieties studied during field 

visit. 

6. List below any difficulties you encountered in the study of the crop. 

 

****** 



Barley (Hordeum vulgare L.) जौ 

          

 

        

Breeding Methods 

                

: 

Varieties: 

Azad (K.125) Kedar  
BG – 25 LSB-2 

BG 108 Neelam  
Clipper PL 56 

C -164 Ranjit (DL-70) 

Dolma  Ratna  

Himani  RDB – 1 

Jyoti  RS – 6 

Karan 201, 231 & 264 

Varieties from Pantnagar: 

UPB 1008, PRB 502, PRB 701 

**************** 



OAT - AVENA SATIVA 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIIVISION : Angiospermae 
CLASS : Monocotyledonae 
SERIES : Glumaceae 
ORDER : Graminales 
FAMILY : Graminales 
SUBFAMILY : Pooideae 
TRIBE : Oryzeae 
SUB TRIBE : Aveneae 
GENUS & SPECIES : Avena sativa 
 

 PLACE OF ORIGIN:  Coast of Chile and Mesopotamia 

 ORIGIN OF Avena sativa: A. sativa originated from Avena fatua 

 CHROMOSOME NUMBER: 

(A) DIPLOID SPECIES: 2n=14, Avena clauda, A. pilosa, A.ventricosa, A. strigosa 

(B) TETRAPLOID SPECIES: 2n=28, Avena barbata, A. wiestii A. vaviloviana, A, abyssinica 

(C) HEXAPLOID SPECIES: 2n=42, Avena fatua, A. sativa A. nuda, A. sterilis, A. orientalis, A. 

ludoviciana. 

 

II. DESCRIPTION: 

HABIT: Oat is an annual grass. 

ROOT: Adventitious 

STEM: Stem or culm is composed of series of nodes and internodes. The nodes are solid. 

LEAVES: The leaves are solitary, alternate, two, ranked and sessile. The blade of  leaf is 

elongate, flat, narrow and linear. The margin of blade is entire and tip is acute. Leaf sheath 

is an open cylinder. The ligule is a thin membranous appendage which is continuous with 

the inner margin at the junction of the blade and sheath. AT maturity, the leaf sheath 

encloses all or a portion of the elongated internode above it. The ligule extends upward and 

clasps the stem. 

 

LATERAL BRANCHES: Tillers arise in the axils of the foliage leaves. 

INFLORESCENCE: Loose open panicle. The main axis ends in a single spikelet, solitary, alternate, 

two-ranked lateral branches arise from main axis. Each branch terminates in a pedicellate 

spikelet. 

 



SPIKELET:  Each spikelet consist of two empty glumes on a rachilla, which bears several flowers 

but usually two basal flowers are fertile. The flower consists of a lemma and a palea, two 

lodicules. 

 

STAMENS: Three stamens are there 

 GYNOECIUM: Superficially the pistil consists of an ovary and two styles upon which there are 

stigmatic branches. The ovary is elliptical. A single sessile anatropous ovule is located inside 

ovary. 

FRUIT: Fruit is a caryopsis 

SEED: Seed is small dry thin, tight pericarp originating from a superior ovary. It is enclosed in 

the lemma and the palea 

III. POLLINATION: 

Natural pollination begins at the uppermost florets of panicle and progresses downward. 

The artificial crossing is both tedious and time consuming. During emasculation three 

anthers are extracted from the floret cavity with the forceps, and the palea and glumes are 

then folded back into their normal position. About 5 florets on the panicle are emasculated, 

emasculated florets should be labeled with a tag and bagged. Usually the florets are 

pollinated about 24 hoursafter emasculation. 

IV. OAT BREEDING: 

Breeding methods applicable to other self pollinated cereals are used here. 

I. INTRODUCTION: 

Germplasm lines are screened for their characteristics and adaptability in the area. 

II. SELECTION: 

Efforts To Improve Oats By Selection Can Be Achieved By Following Methods. 

A. MASS SELECTION: 

Gradual improvement by repeated mass selection has been achieved in many land races 

B. PURE LINE SELECTION 

Systematic plant selection approach is also used successfully in oat. 

III. HYBRIDIZATION: 

Utilization of more genetic variability is possible only through various types of Single; three 

way, multiple-and backcrosses. It is a primary mode of Oat improvement. it is important to 

make crosses with definite objectives of economic value. 

IV. Breeding approaches after hybridization: 

1. Pedigree method 

2. Bulk-pedigree method 

3. Single seed descent method 

 USE OF WILE RELATIVES IN IMPROVEMENT OF OAT: 



a) Avena fatua: It can be used to transfer genes for seed dormancy resulting in improved grain 

yield, early maturity, improved grain quality. It has tolerance to cereal leaf beetle, barely 

yellow dwarf virus, it also has shattering resistance. 

b) Avena sterilis: It is important source of crown rust resistance. It has high groat-protein (27-

35%) & groat oil Content (2 to 11%). 

 

V. OAT DISEASES:  

1. Halo Blight caused by Pseudomonas coronafaciens (Elliott) stevens. 

2. Downy Mildew caused by Sclerospora macrospora Sacc. 

3. Ergot caused by Claviceps purpurea (Fr.) Tul. 

4. Powdery Miblew caused by Erysiphe graminis S. sp. avenae 

5. Rhizoctonia disease caused by Rhizoctonia solani kuehn. 

6. Anthracnose disease caused by Colletotrichum graminicolum ces. 

7. Helminithosporium disease caused by Helminthosporium avenae 

8. Loose smut of oat caused by Ustilago avenae (Pers.) Rostr. 

 

VI. INSECTS OF OAT: 

1. Wire worm-Ctenicera aereipennis destruetor 

2. White Grubs-Phyllophaga lanceolata 

3. Army cut worms-Chorizagrotis auxiliaries (crote) 

4. Variegated cutworm-Peridroma margaritosa (Haw) 

5. Greenbug aphid- Toxoptera graminum (/Rond.) 

6. Chinch bug-Blissus leucopterus (say). 

7. Winter Grain Mite-Penthaleus major (Duges) 

 

VII. USES OF OAT AND OAT PRODUCTS : Following Oat products are used: 

1. Whole oat kernels free from hulls for human food 

2. Roasted oat for Human food 

3. Oat meals and flours by products for human food 

4. Whole oat for feeding as poultry grain 

5. Oat in Rations of farm animals 

6. Oat grain for Turkeys birds. 

7. Oat for Swine 

8. Oat for Horses and Mules 

9. Oat for dairy cattle 

10.  Oat in rations for sheep 

11. Chemicals, protein, carbohydrate & Vitamins extracts from oat 

 



VIII. GUIDE FOR OAT CULTIVATION 

SEASON: 100-120-Kg/ha 

FERTILIZER: Nitrogen 100kg/ha 

   Phosphorus 50kg/ha 

   Potash 50 kg/ha 

 

SOWING: Sow the seeds in rows 9’’ apart and net deeper than 2’’ 

IRRIGATION: Irrigate the crop once in 15 days. Remove the weeds. 

 

IX. VARIETIES: Weston-11, F.O.S. – 29, Algerian, Flemings Gold, NP-1, NP-2,NP-3, HFO 114, OS-

6 OS-7, OL-9, OL-108, UPO219, UPO220, OS129, OS132, OL125, OL265, JHO 825, JHO 810 

VARIETIES FROM PANTNAGAR: UPO 94, UPO 212. 

 

LAB EXERCISE NO. 

Practical Study: 

1. Study plant specimen and draw various parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop. 

3. Study germplasm, breeding material and yield evaluation trials during field visit. 

4. Study various types of diseases and pests of the crop. 

5. List the most conspicuous differences between the important varieties studied during field 

visit. 

6. List below any difficulties you encountered in the study of the crop. 

 

 

 



CHICKPEA (Cicer arietinum L.) 

I. SYSTEMMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIIVISION : Angiospermae 
CLASS : Dicotyledoneae 
ORDER : Leguiminales 
FAMILY : Leguminosae 
SUB-FAMILY  Papilionaceae 

TRIBE : Vicieae 
GENUS & SPECIES : Cicer arietinum L. 
 

 ORIGIN: Chickpea originated in middle & fareast, Turkey and Syria (Central Asia or Asia 

Minor) 

 SUBGENUS AND SPECIES OF CICER ARIETINUM: The genus has 39 species (8 annual 

& 31 perennial) 

 SUBGENUS:  Pseudononis M.Pop. 

 SELECTION:  Monocicer M. Pop. 

 SERIES:   Arietina Lincz. 

 OTHER SPECIES: 

1. Cicer bijugum K.H. Rech. 

2. Cicer echinospermum P.H. Davis 

3. Cicer judaicum Boiss 

4. Cicer pinnatifidum Jaub. et spach 

 DISTRIBUTION: Afghanistan, Bulgaria, Burma, Denmark, Ethiopia, France, Germany, 

Britain, Hungary, India, Iran, Italy, Israel, Kenya, Poland, South, Africa, Sudan, Turkey 

 

 CHROMOSME NUMBER:  2n=16 Chromosomes 

     C. arietinum 2n= 14, 16 

     C. chorassanicum 2n=16 

     C. songaricum 2n= 14 

     C. montbretii 2n=16,24 

II. DESCRIPTION:  

 

HABIT: Annual, Semi-erect, erect or prostrate. 

 

ROOT: Deeprooting system, more or less branched from base. nodulated 

 

STEM: Straight or flexuous, ribbed, 20-75 cm. long. 

 



LEAVES:  Imparipinnate, 11-13 leaflets, rachis 25-60 mm long grooved above, ending in 

topleaflet, middle green, glandular 

 

STIPULES: Ovate to oblique- triangular incised 

 

FLOWERS: 1 (rarely-2) flowered axillary raceme, peduncles (6-8) 13-17 mm, ending in a 

small perule or arista, 0.2-4 mm;  bracts small triangular or tripartite perules, Upto 1.5 mm; 

pedicels 6-13 mm, straight when flowering recurved when bearing fruits. 

 

 CALYX: Faintly dorsally gibbous at the base: tube 3-4 mm; teeth lanceolate, 5-6 mm long, 

midrib prominent. 

 

COROLLA: Veined, pinkish, purplish or red or white, rarely greenish white or blue. 

 

VEXILLUM: Obovate, 8-10mm long 7-10 mm wide exterior glabrous or loosely pubescent 

with eglandular hairs, carina rhomboid, margin adnate 

 

STAMENS: 9+1, Sometimes persistent, filaments 6-8 mm long, anthers basi-dorsifix. 

 

OVARY: Ovate, 2.3 mm long, 1-1.5 mm wide, 2-4 ovules, style 3-4 mm, glabrous or hairy, 

upturned, stigma hardly broadened when pollinated. 

 

PODS: Rhomboid-ellipsoid (ovate-oblong), densily mainly glandular pubescent, 14-25 mm 

long, 8-15 mm wide. 

 

SEEDS: Ovate-globular or angular breaked 7-10 mm long 5-8 mm wide, seed coat 

colourless, white, creamy, yellowish, orangetinge, brown, black, dull green surface smooth, 

wrinkled or tuber culate, chalazal tubercle prominent, hilum deep, grayish with a 

conspicuously coloured margin. 

 

III. FLOWERING AND CROSSING TECHINQUES: 

The chickpea has small papilionaceous flower. Self pollination takes place in the bud stage 

one or two days before opening of flowers ie. cleistogamous. The result of the artificial 

hybridizations are rather poor as overall setting is estimated at 15-25% only. 

 

IV. BREEING OBJECTIVES:  

1. High yield (yield of grain, improvement in size and colour) 

2. Regional adaptability 

3. Plant type (quicker growth and early maturity) 

4. Disease resistance (wilt, blight, rust, gray mould) 



5. Resistance to insects (filed and stored pests) 

6. Quality-nutritional value (increase in protein & vitamin content) 

7. Resistance to frost and drought 

 

V. BREEDING METHODS:  

A. INTRODUCTION 

 About 75% of chickpeas are grown from unselected local cultivars. Therefore, collection 

and evaluation of germplasm is very important for a breeding programme. 

 

B. SELECTION: 

Two methods of selection are practiced in breeding new varieties, the efficacy of selection is 

dependent upon the presence of genetic variability. 

 

C. HYBRIDIZATION: 

Various types of crosses are made depending upon aims of combining visible traits of the 

parents. The following types of crosses are generally made in chickpea. Improvement 

programme. 

 

1. Simple crosses 

2. Multiple crosses 

3. Back crosses 

4. Interspecific crosses 

5. Intraspecific crosses 

 

D. SELECTION PROCEDURE AFTER HYBRIDIZATION: 

Selection procedure commonly used are: 

1. Pedigree selection schemes 

2. Bulk population schemes 

 

E. HETEROSIS: 

 Despite the fair amount of heterosis in the grain yield, cicer cannot be considered a crop 

suitable for exploitation of heterosis for the commercial production of hybrid seeds due to 

non-availability fo desirable genetic sterility and cytoplasmic genetic sterility in suitable 

background. 

F. MUTATION BREEDING: Due to high frequency of mutations in Cicer sp. It is of interest to 

Plant breeders and geneticist. 

 

VI. INSECT PESTS: 

I. Gram podborer, Heliothis armigera (Hubner) 

II. Red gram plume moth, Exelastis atomosa wlsm. 



III. Gram cut worm, Agrostis ypsilon Hufn. 

IV. Gram or pea semilooper, Plusia orichalcea 

V. Seed beetles, callosobruchus chinensis L. 

VI. Nematodes meloideogyne incognita 

 

VII. DISEASES: 

1. Wilt disease caused by Fusarium orthoceras & Fusarium oxysporum 

2. Blight disease caused by Ascochyta rabiei (Pass). Labr. 

3. Stem rot disease caused by Sclerotinia sclerotiorum (lib.) de Bary. 

4. Rust disease caused by Uromyces ciceris-arietini Jacz. 

5. Wilt disease caused by Rhizoctonia bataticola Butl. 

6. Botrytis gray mold caused by Botrytis cinerea pers. 

7. Root-Knot (Nematodes-meloidogyne incognita 

 

VIII. ECONOMIC USES: 

1. ACIDS 

The glandular hairs of leaves, stems and pods secrete an acid solution which contains 94.2% 

malic acid, 5.6% oxalic acid, 0.2% acetic acid. The concentration varies between 0.36-1.30% 

& reaches its maximum at flowering. Extraction methods are still to be worked out. 

2. FRESH SHOOTS: 

Fresh shoots are used as vegetable in India. 

3. FRESH SEEDS: Unripe green seeds are eaten raw and in snacks 

4. RIPE SEEDS: Whole ripe seeds are used in many food preparations. 

5. SPLIT SEEDS: Split seeds consisting of cotyledons only are used as dhal. 

6. SPROUTED SEEDS: Germinated chickpeas can cure vitamin deficiencies. 

7. MEAL AND FLOUR: Flour of chickpeas is used in many food preparations 

8. CATTKE FEED ABD HAY: Yound chickpea plants are suitable for cattle fed. The hay is 

also used as cattle fodder. 

 

IX. NUTRITIVE VALUE: 

 The cooking of the seeds is generally considered to raise the nutritive value as trypsine 

inhibitors become in active. The protein content is more than 20% and digestibility ranges from 

75% to 90%. The cystine content is more than sufficient. Tryptophan and methionine content is a 

limiting factor in chickpea. 

 

X. GUIDE FOR GRAM CULTIVATION: 

SOIL: Fertile black soils are best suited. Well drained soils are ideal. 

CLIMATE: Chickpea refers cold climate. It is a drought tolerant crop 

SEASON: The best season is from middle of October to middle of November 

SEED RATE:  60-75/ha depending on seed size. 



FERTILIZER: DAP@ 100 kg/ha 

SOWING: Keep 30 cm x 5-7 cm. row to row & plant to plant distance keep the land free 

from weeds. 

 

PLANT PROTECTION SCHEDULE: 

 Spray with recommended insecticides to save from borer and pests damage 

EXPECTED YIELD: 10-15-20 q/ha in rainfed condition 

 

15-20-25 q/ha in irrigated condition 

 

XI. VARIETIES: Radhey, Pusa 261, Pusa 256, Avrodhi, JG215, C-235, PBG-1, Pusa 240, JG 74, 

H208, K 850, Annegiri, Dahod yellow, H 82-2 Phule G5, Gaurav Vikas, JG 315, Jyoti, Pusa 

212, Chaffaka, RAU-52, SG-2, Rajendra Chana-1, GPF-2, PDG-3 

(KABULI GROUP) : Pusa 267, L 550, K-4, GNG-149, ICCC-32, L-144, L-550 

VARIETIES FROM PANTNAGAR UNIVERSITY: Pant G 114, Pant G 186. 

 

 

 

LAB EXERCISE NO. 

Practical Study:  

1. Study plant specimen and draw various parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop. 

3. Study germplasm, breeding material and yield evaluation traits during field visit. 

4. Study various types of disease and pests of the crop. 

5. List the most conspicuous differences between the important varieties studied during field 

visit. 

6. List below any difficulties you encountered in the study of the crop. 



Lentil (Lens Culinaris medic) 

I. SYSTEMMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIIVISION : Angiospermae 
CLASS : Dicotyledoneae 
SUBCLASS : Polypetalae 
SERIES : Calyciflorae 
ORDER  Rosales 

FAMILY : Leguminosae 
SUB-FAMILY : Papilionaeae 
GENUS : Lens Miller 
SPECIES : culinaris medikus 
 

 ORIGIN: Western Turkey and Kurdistan 

 SPECIES OF LENS:  

1. Lens montbretii (Fisch and Mey.) Davis and Plitmanu 

2. Lens ervoides (Brign.) Grande 

3. Lens nigricans (M. Bieb.) Godron 

4. Lens orientalis (Boiss) Handle-Mazzeti 

5. Lens culinaris Medikus 

 CHROMOSOME NUMBER:  n=7, 2n=14 

 BARULINA’S CLASSIFICATION: He described two sub-species. 

 

1. SPP. MACROSPERMA (BAUMG-PROVAR.) BARULINA: 

 Large pods (15-20 x 7.5-10.5 mm) generally flat. Large flattened seeds (6-8 mm 

diameter). Cotyledons yellow or orange. Flowers large (7-8 mm long), White with veins, rarely 

light blue. peduncles with 2-3 flowers. calyx teeth long. Large leaflets (15-27 x 4-10 mm.) oval, 

Height of plant 25-75 cm. 

 

2. SPP. MICROSSPERMA (BAUMG. PROVAR.) BARULINA 

Pods small or medium (6-15 x 3.5-7 mm), convex, seed flattened- subglobose (diameter to 

thick ness ratio =1.5-3), small or medium (3-6 mm diam, diverse in colour and pattern. 

Flowers small (5-7 mm long), from white to violet. Peduncles 1-4 flowers. leaflets small (8-

15 x2-5 mm) elongated linear or lanceolate (length to width ratio = 4-5). Height of plant 35 

cm. 

 

II. DESCRIPTION: 

HABIT: A much branched, suberect, slightly pubescent, light green annual, taproot slender 

 



ROOT: Small, square with several basal branches. 

 

STEM: Small, square with several basal branches. 

 

STIPULAE: Small, narrowly, triangular to obliquely rhomboid, entire without basal appendage 

 

LEAVES: Alternate, pinnate with 5-8-12-15 leaflets. Petiole short, rachis 1.0-2.5-3.5-4.5 cm 

long produced into simple tendril longer in upper leaves and sometimes with leaflet like top. 

 

LEAFLET: Opposite or alternate, subsessile, narrowly obovate elliptic 8-10-15-18 x2-5 mm 

entire, cuneate at base, rounded to acute at top. 

 

INFLORESCENCE:  An auxillary raceme (1-3 flowers) peduncle slender (2.0-3.0-4.0-5.5) cm 

long, rachis ending into a filiform apex, bracts absent, pedicels short. 

 

CALYX: Companulate, tube 1-5 mm long, loves 5, subequal linear- triangular 

 

COROLLA: Small, standard approaching the keel, hood shaped, broadly obovate, 5x4 mm, 

clawed, obcordate and mucronate at top, light violet blue, wings oblong-obovate with a long 

claw, auriculate, pocketed adherent to the keel, obtuse at top, white, tinged light violet blue. Keel 

ladle shaped, entirely split dorsally, vertically spilt near the base, clawed biauriculate bi-

pocketed, white. 

 

ANDROECIUM: Stamens diadelphous (9+1), vexillary stamen free, long, gradually winged 

toward base, stamina sheath long when on either side the first filament is released, as a rule theis 

is followed by one pair of stamens, followed again by a single stamen and then ending by top 

stamen. Anthers basifixed approx. spherical, light yellow. 

GYNOECIUM: Ovary subsessile, laterally compressed. 3mm long, sparsely pube rulous, 2-

ovulate, style abruptly upturned, somewhat flattened glandular-papillae. 

 

POD: Oblong, laterally compressed, bulging over the seeds, rounded to slightly cuneate at base, 

short beaked, glabrous 1-2 seeded. 

 

SEED: Lens shaped, 4mm in diameter either gray, brown with black spots or grey black. Hilum 

narrowly elliptic, minute, cotyledons orange. 

 

SEEDLING: Hypogeal germination, Epicotyl sometime purplish, first two leaves simple, scale 

like largely fused with two lateral scale like stipulate. Top first leaf acute, sometimes with two 

minute lateral teeth top second leaf tri-dentate, often teeth smaller. 

 



III. POLLINATION: Self pollination system is there in Lentil Cross pollination is negligible. 

 

IV. BREEDING OBJECTIVES: 

1. Breeding for high and stable seed yield. 

2. Improvement in cooking and nutritional quality 

3. Improvement in nitrogen fixing ability. 

4. Attributes as tall, erect, non lodging growth habit, high pod retention and pod indehiscence, 

to facilitate mechanical harvesting 

5. Resistance to rust, wilt complex etc. 

6. Earliness through reduced sensitivity to photoperiod and temperature etc.\ 

7. Cold tolerance. 

 

 IMPORTANT PLANT CHARACTERS IN LENTIL 

Normal data is taken on following characters 

1. Seedling stem pigmentation 

2. Plant height 

3. Tendril length 

4. Time of flowering 

5. Time of flowering 

6. Time of maturity 

7. 100 seed weight 

8. No. of pods weight 

9. No. of pods per plant 

10. Ground colour of Testa of seed 

11. Biological yield 

12. Pod shedding ratio 

13. Pod dehiscence ratio 

14. Seed yield 

15. Protein content 

16. Biotic and abiotic stress susceptibility 

17. Cooking quality 

 

V. BREEDING METHODS: 

All methods applicable to self pollinated crop are used in improvement of Lentil 

I. INTRODUCTION: 

II. DIRECT SELECTION SCHEMES 

Following schemes are applicable 

A. Mass selection 

B. Pure line selection 

III. HYBRIDIZATION 



Following types of crosses are made in lentil. 

A. Intervarietal crosses 

B. Interspecific crosses 

C. Multiple crosses 

D. Back crosses 

 

IV. HANDLING AFTER HYBRIDIZTION 

Following schemes are used:  

A. Pedigree Breeding 

B. Bulk Population Breeding 

C. Bulk Pedigree Breeding 

D. Population Breeding 

V. MUTATION BREEDING:  

VI. DISEASES OF LENTIL: 

1. Stem rot caused by Sclerotinia sp. 

2. Root rot caused by Fusarium oxysporum 

3. Root rot caused by Rhyzoctonia solani 

4. Powdery Mildew caused by Erysiphe polygoni 

5. Downy mildew caused by Pronospora lentis 

6. Rust caused by Uromyces fabae 

7. Bean yellow mosaic Virus 

8. Pea Enation Mosaic cirus 

9. Pea Leaf Roll virus 

10. Alternaria blight caused by Alternaria alternate 

VII. INSECT PESTS OF LENTIL: 

1. Gram caterpillar-Heliothis obsolete 

2. Gram cutworm- Ochropleura flammatra 

3. Weevil-Callosobruchus analis 

4. Bruchids-Bruchus brachialis 

 

VIII. GUIDELINE FOR LENTIL CULTIVATION: 

SOIL: It can be grown in all type of soils. 

CLIMATE:  Rabi season crop 

SEED RATE: 30-40 kg\ha 

FERTILIZER: DAP@ 100kg/ha 

SOWING: KEEL 30 cm x3-5 cm apart row to row & seed to seed distance. Keep the land 

free from weeds. 

PLANT PROTECTION SCHEDULE: Spray the crop with recommended fungicides only, 

whenever, aphid or pod borers are noticed in the field. 

EXPECTED YIELD: 10-12 q/ha 



IX. VARIETIES 

A. SMALL SEEDED TYPES: VL massoor-1, Sehore-1, Sehore 74-3, JLS-1, L9-12, vipasha, 

Ranjan, Asha, Arun 

B. Bold SEEDED TYPES: K 75, Lens 4076, Rajendra Masoor-1 

C. VARIETIES FROM PANTNAGAR UNIVERSITY: Pant L 234 (bold seeded), Pant L 406, 

Pant L 639, Pant L-4. 

 

 

 

 

LAB EXERCISE NO. 

Practical Study:  

1. Study plant specimen and draw various parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop. 

3. Study germplasm, breeding material and yield evaluation trials during field visit. 

4. Study various types of diseases and pests of the crop. 

5. List the most conspicuous difference between the important varieties studied during 

field visit. 

6. List any difficulties you encountered in the study of the crop. 



PEA (Pisum sastivum) 

I. SYSTEMATIC POSITION 

KINGDOM : Plantae 

SUBKINGDOM : Phanerogams 

DIVISION : Angiospermae 

CLASS : Dicotyledonae 

SUBCLASS : Polypetalae 

SERIES : Calyciflorae 

ORDER : Rosales 

FAMILY : Leguminosae 

TRIBE : Vicieae 

SUB FAMILY : Papilionaeae 

 

GENUS & SPECIES: 

 ORIGIN: Peas originated in central Asiatic centre comprising North West India including 

Pakistan, Afganistan, Soviet Republic and Tadajikistan and Uzbekistan. 

 

 PISUM SPECIES:  Some spp. are:  

1. Pisum arvense Linn., Europe, Northern Asia. 

2. Pisum elatius Bieb-F1. Taur., Mediterranean region 

3. Pisum formosum Alef. Caucasia, Persia 

4. Pisum fulvum Sibth & Sm. Asia minor, Syria. 

5. Pisum humile Boiss et Noe, Syria 

6. Pisum jomardi, Egypt 

7. Pisum sativum, Europe, Northern Asia 

 GEOGRAPHICAL RACES OF PISUM: 

1. Pisum abyssinicum 

2. Pisum asiaticum 

3. Pisum elatius 

4. Pisum puschiki 

5. Pisum tibetenicum 

 

II. DESCRIPTION: 

 

HABIT: An annual herb 

 

ROOT: Nodulated tap root, nodules containing Nitrogen fixing bacteria. 

 

STEM: Weak, climber, leaflet tendrils, cylindrical and fistular. 



LEAF: Petiolate, imparipinnately compound, stipulate. stipules large, ovate, semicordate  and 

irregularaly  toothed at the base, toothed at the base, pinna ovate, 4-6 in number, rachis and 

upper leaflets ending into branches tendril. 

 

INFLORESCENCE: Typical raceme 

 

FLOWER: Pedicellate, bracteate, zygomorphic, hermaphrodite, complete, irregular, hypogynous, 

white or pink. 

 

CALYX: Sepals 5, gamosepalous, green, valvate aestivation. 

 

COROLLA:  petals 5, polypetalous, papilionaceous (the posterior petal is largest (standard) and 

two laterals are wing and inner two anterior are fused to form a boat- shaped structure called keel 

or carina. Thus, the flower becomes zygomorphic, descending imbricate aestivation. 

 

AMDRPECIOUM: Stamens 10, diadelphous, (1+9), 9 fused, anteriorly placed and 1 free is 

placed posteriorly, filaments are long, anthers dorsi or basifixed, dithecous, introrse. 

 

GYNOECIUM: Monocarpellary, unilocular, ovary superior marginal placentation. 

 

FRUIT: Legume 

 

III. BOTANICAL VARIETIES:  

1. GARDENPEA- Pisum sativum var. hortense 

2. FILED PEA- Pisum sativum var. arvense 

 

CHARCTERS USEFUL IN CLASSIFICATION OF VARIETIES: 

 

1. SEEDS: Angular and gray-green, grey-yellow, grey-brown or grey speckled with darker spots in 

field pea and green in garden pea. Seed 4-10 in number, normally free. Testa thin either 

colourless or green, the hilum distinct and either clourless, brown or yellow, surface smooth or 

wrinkled. Shape, with hilum on the left-round, oval, broad oval drum shaped, flat, square, 

hexagonal, irregular hexagonal; with hilum an micropyle toward the eyes, round, square, flat 

square, oval, drum shaped. 

 

2. INTERNODE LENGTH: The internode length below the node at which Ist inflorescence 

appears, seems to be closely related to stem length. 

 

3. FOLLIAGE3 COLOUR: Pale- yellow to dark-green and is a fairly constant character.  



4. STIPULES: The size varies from 4.3 x 3.3 cm to 8.1 x 6.6 cm and are narrow oval to orbicular 

and may completely encircle or be marginally attached to hilum. 

 

5. NUMBER OF LEAFLETS: A few varieties produce three pair of leaflets below the node of first 

flower ranging from 14-18. The leaflet shape may be broad oval, oval, narrow oval and leaflets 

have a pronounced dentate margin. 

 

6. PEDUNCLE LENGTH:  It is independent of height. 

 

7. FLOWER COLOUR: This varies considerably between varieties as white, red or purple. The 

shape, size and position of insertion of wing and keel petal and degree of frilling venation on the 

margin of standard petal are also characteristic of a variety. 

 

8. POD SHAPE: The pods are either blunt or pointed, the pods may be straight, slightly curved or 

curved. 

 

9. POD CLOUR: A green colour to pale to dark brown may be there. 

 

IV. BREEDING OBJECTIVES: Important characters are: 

1. Higher grain yield in field pea types 

2. Higher pod yield in total picking in garden pea 

3. Early maturity 

4. Height an branching pattern 

5. Pod size an seeds per pod 

6. Seed quality characters 

7. Resistance to disease 

8. Resistance to pests 

9. Resistance to abiotic stresses 

 

V. PEA DISEASES: 

1. Downy mildew of peas caused by Peronospora Pisa 

2. Powdery mildew of peas caused by Erysiphe polygon 

3. Rust of pea caused by Uromyces fable 

 

V. PEA INSECT PESTS: 

1. Pea leaf minor- Phytomyza atricornis 

2. Pea stem fly- Melanargromyza phaseoli coquillett 

3. Pea semi-loopers- Plusia orichalcea 

4. Blue Butterfly- Cosmolyce baeticus 

5. Lucerne caterpillar- Laphygma exigua 



6. Pod borer- Heliothis obsolete 

7. Pea Trips- Trips indicus 

8. Pea Aphid- Microsiphum pisum 

 

VII. BREEDING METHODS:  

The Pea Plant being self pollinated has offered scope for selection and breeding of new 

varieties mainly through hybridization and to some extent through spontaneous mutations. 

The following approaches are used. 

 

I. SELECTION: 

Heriatability properties of the characters responsible for grain productivity as a whole are 

important in selection schemes. Selection is more effective if we can determine the norm of 

response of a genotype of the selected initial plant. Important of simple selection are: 

1. MASS SELECTION 

2. PURE LINE SELECTION 

 

III. HYBRIDIZATION: 

When crosses are made, some characters combine together, some are intensified and 

undesirable may get weakened. Following type of crosses are made in pea. 

1. INTERVARIETAL CROSSES 

2. INTERSPECIFIC CROSSES 

3. CONVERGENT TYPE MULTIPLE CROSSES 

4. COMPLEX CROSSES 

5. BACK CROSSESADF 

 

IV. HANDLING OF MATERIAL AFTER HYBRIDIZATION: 

Following popular schemes are also opted in peas 

1. Pedigree approach 

2. Bulk-Pedigree approach 

3. Single seed descent method 

 

V. Mutation Breeding: 

Mutation breeding approach is also in practice in improvement of certain abiotic and biotic 

traits in peas. 

 

VIII. Guide for field pea cultivation 

SOIL: Best suited to well drained light & medium soils. 

CLIMATE: Rabi season crop 

SOWING: October to November 

SEED RATE: 75 TO 80 kg/ha 



FERTILIZER: DAP@ 100 kg/ha 

SOWING: Keep 30 cm x 5 cm. apart row to row & seed to seed distance. Keep the land free 

from weeds. 

PLANT PROTECTION SCHEDULE:  Spray the crop with recommended insecticides, 

whenever aphids and pod feeder are noticed in the field. 

EXPECTED YIELD: 10-12 q/ha 

 

IX. VARIETIES: 

I. FIELD PEA GROUP: 

A.TALL: Type 163, Rashna, DMR-11, Pant P5, Rekha, Har bhajan, Khoper Kheda, 

Kinnauri, PG-3, RP-3, HUP2, JP 885. VL-1, Field Pea 48 

B. DWARF: Aparna 

C. Variety From Pantnagar University: Pant P5 

 

II. GARDEN PEA GROUP: Bonnville, Perfection New Line, Early Badger, Magadi, Auricle 

(B) VARIETIES FROM PANTNAGAR UNIVERSITY: Pant Uphar, Pant Matar 2, Pant 

Matar 3. 

 

LAB EXERCISE NO. 

 

Practical Study: 

1. Study plant specimen and draw various parts parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop.  

3. Study germplasm, breeding material and yield evaluation trials during field visit. 

4. Study various disease and pests of the crop. 

5. List the most cospicuous differences between the important varieties student during 

field visit. 

6. List below any difficulties you encountered in the study of the crop. 



MUSTARD (Brassica campestris) 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIIVISION : Angiospermae 
CLASS : Dicotyledonae 
SUBCLASS : Polypetalae 
SERIES : Thalamiflorae 
ORDER : Parietales 
FAMILY : Cruciferae (Brassicaceae) 
GENUS & SPECIES : Brassica campestris 

 CULTIVATED BRASSICA SPECIES: 

Three ecotypes of Brassica campestris SSP. oleifera (yellow sarson, brown sarson and toria) and 

B. juncea or Indian mustard are cultivated for their edible oil. B. nigra (black mustard) is used as 

a condiment. Several members of B. oleracea are popular vegetables. 

B. napus (oil rape) and B.carinata (Ethiopian) are also introduced for edible oil India. 

ORIGEN: Brassicas evolved in Mediterranean and sahara-sindian region, Brassica evolved from 

Sinapidendron archetype through the Diplotaxis and Erucastrum complexes. 

 CYTOGENETICS: Cytogenetic relationship of Crop Brassicas is given here. 

     B. nigra 

 B.juncea   2n=16,B  B.carinata 

 2n=36, AB      2n=34, BC 

 

 B. campestris  

 2n=20,A      B.oleracea 

        2n=18,C 

     B,napus 

     2n=38, AC 

II. DESCRIPTION: 

HABIT: Annual herb 

ROOT: Tap root 

STEM: Herbaceous, erect, branched, cylindrical, solid 

Leaf: Simple, sessile upper young leaves entire but lower old leaves are pinnatifid, exstipulate, 

reticulate venation. 

INFLORESCENCE: Racemose, typical raceme 



FLOWER: Ebracteate, pedicellate, hermaphrodite, complete, actinomorphic, hypogynous. 

Calyx: Sepals 4, polysepalous, arranged in two alternate whorls of two sepals each, imbricate 

aestivation, deciduous. 

COROLLA:  Petals 4, polypetalous, cruciform, arranged in one whorl alternating with sepals. 

Each petal is differentiated into a lower narrower part called ‘Claw’ and a broader upper part 

protruding out called limb. Such petals are called clawed petals, Valvate aestivation. 

ANDROECIUM: Stamens 6, polyandrous, tetradynamous, two other stamens smaller and lateral, 

inner four stamens larger and anterioposterior, anthers dithecous, basifixed and introrse. 

GYNOECIUM: Bicarpellary, syncarpous, superior ovary, unilocular but becomes bilocular due 

to false septum, one or more ovules in each locule, parietal placentation, style short and stigma 

bifid. 

FRUIT: Siliqua 

III. BREEDING OBJECTIVES: The cultivar development aims at satisfying the requirements 

of producer, miller and consumer. 

Based on it important objectives are: 

1. Seed yield 

2. Early maturity 

3. Resistance/tolerance to abiotic factors 

4. Resistance to biotic stresses 

5. Herbioide  resistance 

6. Intercropping 

7. Shattering resistance 

8. Oil content and quality 

9. Meal quality 

 

IV. BREEDING METHODS: 

1. INTRODUCTION OF GERMPLASM AND SIMPLE SELECTION: 

Primary attempts are made to evaluate the adaptability of high yielding exotic accessions to local 

growing environments. Mass selection in variable populations is also in practice. 

2. HYBRIDIZATION:  

Intra and inter-varietal variability of direct application value is also important in Brassica sp. It 

may be created through following type of crosses. 

1. Inter-varietal crosses 

2. inter specific crosses 

3. Inter generic crosses 

4. Crosses between parents varying in self-incompatibility 

5. Multiple crosses 



6. Back crosses 

3. SELECTION PROCEDURE AFTER HYBRIDIZATION: 

Common method employed in self pollinating and cross pollinating crops are also applicable in 

Brassicas improvement. Following methods may be applied. 

1. Pure line approach 

2. Population Improvement approach 

4. HYBRID BRASSICAE 

The discovery of genetic, cytoplasmic and cytoplasmic-genetic male sterility in Brassicae has 

opened up possibilities of breeding commercial hybrids. 

 INHERITANCE PATTERN OF MALE STERILITY ON OLEIFEROUS BRASSICA 

SL. N0 SPECIES  TYPE OF STERILITY 

1.  B juncea Cytoplasmic, Monogenic recessive 

2.  B.campestris Cytoplasmic Monogenic recessive 

3.  B.napus  Cytoplasmic & Cytoplasmic genetic recessive and Digenic 

5. MUTAION BREEDING: 

The induction of mutations through physical or chemical mutagens can contribute substantially 

towards widening the genetic base of variability for the characters of economic significance. 

6. INDUCTION OF VARIABILITY AND SELCETION AT CELL LEVEL. 

Number of procedures as following are used: 

1. Haploidization of stock material 

2. Development and subculture of genetically stable cell culture 

3. Mutagenesis in cell culture 

4. Selection in cell culture 

5. Regeneration 

7. SAMACLONAL VARIATION: 

Somaclonal variation through protosplast, whole cell or callus cultures affects cytoplasmic 

genome &nuclear genome and provides a possibility of adding the desired trait to an already 

acceptable agronomic base without disturbing the exiting favourable gene complexes. 

8. HAPLOID INDUCTIN & UTILIZATION: Haploids can be obtained through anther or 

Microspore culture. 

 

V. HETEROSIS AND ITS UTILIZATION: 

Traditionally, pure line cultivars have been bred in B. juncea and B.napus while improved 

populations are the mainstay of breeding efforts in oleiferous forms of B. campestris. 

I. YIELD HETEROSIS: 

Yield heterosis of more than 200% has been recorded in Indian mustard. Various 

investigations demonstrate that sufficient heterosis is available in single cross hybrids in 

oilseed brassicas. 

II. GENETIC BASIS OF HETEROSIS: 

Different hypotheses are: 



1. Combined action of favourable dominant or partially dominant factors with linkage of 

multiple factors. 

2. Non-allelic interaction or epistasis or 

3. Complementary action of alleles at the same locus resulting in overdominance. 

III. SOURCES OF CYTOPLASMIC MALE STERILITY (CMS) 

A. RAPHANUS-BASED CMS SYSTEM: 

The sterility was controlled by a pair of nuclear genes (ms ms) and a sterility inducing 

cytoplasm. Fertility restoration noted in R. sativus x B. oleracea amphiploids. 

B. VRONOWSKI-SHIGA-THOMPSON SYSTEM: 

The combination of sterilizing cytoplasm with recessive genes for sterility resulted in male 

sterility in B. napus. Restoration was controlled by a single dominant gene upto four 

dominant genes. 

C. NIGRA-BASED SYSTEM: 

By transferring fo B. oleracea genome into B. nigra cytoplasm led to stable & male sterility, 

which was finally transferred in B. napus. It is controlled by petaloid or pistilloid stamens 

D. DIPLOTAXIS MURALIS SYSTEM: 

By transferring genome of B. campestris into cytoplasm of Diplotaxis muralis let to male 

sterility characterized by characterized by indehiscent anthers and linear narrow petals. The 

fertility restoration was characterized by two Fr genes, which are present in few B. 

campestris varieties. 

E. JUNCEA SYSTEM: 

Male sterile plants in Indian mustard have been in identified which have reduced filaments 

with vestigial and indehiscent anthers. B. juncea lines also carry fertility restorer genes. 

F. CAMPESTRIS CMS SYSTEM: 

B.Campestris SSP. rapifera, sterility observed by decrease in number of pollen grains. B. 

campestris S.S.P. rapifera also has fertility also has fertility restorer genes. 

G. OXYRRHINA SYSTEM: 

Male sterility resulted from alloplasmic combination of B. oxyrrhina cytoplasm with nuclear 

genomes. of B. campestris and B. juncea showed male sterility. However, euplasmic forms of 

B. campestris and B. juncea are functional maintainers of this CMS system. 

 

VI. GENETIC MALE STERILITY: 

A number of sources fo genetic male sterility are available in Brassica. 

SOURCES OF GENETIC MALE STERILITY: 

S.NO. Crop Inheritance 

1.  B.napus Monogenic recessive & Digenic 

2.  B. juncea Monogenic & epistatic 

3.  B. campestris Brown sarson Monogenic 

4.  Yellow Sarson Monogenic 

 

VII. INCOMPATIBILITY IN BRASSICA: 



Both intraspecific (self) and interspecific incompatibilities are available in Brassica. 

SELF-INCOMPATIBILITY: 

 Self-incompatibility is the inability of plants producing functional gametes to effect 

fertilization upon self-pollination. 

Amongst the cultivated oilseed Brassica, B. campestris SSP. oleifera var-brown sarson, B. nigra 

and Eruca sativa are self-incompatible while B. carinata, B. juneea, B. napus and B. campestris 

S.S.P. oleifera var. yellow sarson are self-compatible. 

METHODS OF OVER COMING SELF-INCOMPATIBILITY: 

The following are some of the effective techniques to obtain selfed seeds on a limited scale. 

1. Bud pollination 

2. Delayed pollination 

3. High Temperature Treatment 

4. High Humidity 

5. High carbon Dioxide Concentration 

6. Surgical Treatment of the stigma 

7. Chemical Treatments 

8. Uses of mentor pollen 

9. In vitro pollination 

INTERSPECIFIC INCOMPATIBILITY: 

In vitro fertilization techniques are being applied to obtain interspecific hybrids in Brassica. 

 

VIII. HYBRID SEED PRODUCTION: 

Success depends upon maximizing the seeds set on female lines various production 

techniques. 

1. EXTENT OF OUTCROSSING: 

2. White rust caused by Albugo candida pers. lev. 

3. Downy Mildew caused by Peronospora parastica pers 

4. sclerotina Rot caused by Sclerotinia sclerotiorum de Bary 

5. Powdery Mildew caused by Erysiphe cruciferarum opiz. 

6. Seedling Blight caused by Sclerotium rolfsii sacc. Rhizoctonia solani Kuhn. 

7. Fusarium wilt caused by Fusarium oxysporum F.sp. conglutinans. 

 

XII. INSECTS 

1. The mustard aphid, Lipaphis erysii (Kaltenbach) 

2. The Saw Fly, Athalia lugens proxima (Klug) 

3. Painted bug, Bagrada hilaris Burmiester  

4. Bihar hairy Caterpillar, Diacrisia oblique walker 

5. Gram caterpillar, Heliothis armigera Hubner 

6. Green Peach Aphid, Myzus persicae Sulzer 

7. The white fly, Bemisia tabacii (Gen.) 



XIII. GUIDE FOR RAPESEED- MUSTARD CULTIVATION: 

SOIL: Loam and sandy loams soils are good for Toria and Rai 

FERTILIZER: Nitrogen-60-75 kg/ha 

Phosphorus-40 kg/ha 

Potash-40kg/ha 

SOWING TIME: (Toria)- mid to last week of September  

(SARSON ANDRAI) – OCTOBER 5 to 15 

   For mix crop 20 to 3 kg/ha 

METHOD OF SOWING: Sowing should be done in rows 30 cm apart spaced on 8-10 cm. Seed 

should be sown not below 3-4cm. 

IRRIGATION: Maintain sufficient moisture level in the soil for crop growth. 

PLANT PROTECTION SCHEDULE: For control of pests, spray with recommended in 

secticides. 

AVERAGE YIELD KG/HA: 1500-2000 kg/ha 

 

XIV. VARIETIES: 

1. INDIAN MUSTARD (Brassica juncea) varieties: 

Varuna , Shekhar, TM-2, RLM 514, Pusa bold, Kranti, Krishna, Rohini, PT 30, PT 507B, 

Bhawni , RLM 528, RH 7846, Laha 101, Vardan, Vaibhav, Narendra rye 8501, BR 40 

2. Indian rape (Brassica, campestris var. toria): 

T-30, T9, Sangam, TL-15, TS-29, DK-1, PT-303, ITSA, Bhawani, PBT37, BR23, RAUTS-

17 

3. INDIAN RAPESEED (Brassica campestris var. Brown Sarson) 

B-2, BS-70, BSH-1, Pusa Kalyani,) K-88,, 

4. INDIAN RAPESEED (Brassica campestris var. yellow sarson: 

T-1, T-10,T-151, K-88, PYS-6, YSK-1, YSB-19-7-C, Rajendra Sarson-1, Swarna 

5. VARIETIES FROM PANTNAGAR UNIVERSITY 

Toria: PT30, PT 303, PT 507, PT 508, Uttara, Pant Hill Toria-1 

Yellow sarson: PPS-1, Pant Sweta, Pant Girija  

Indian Mustard: Kranti, Krishna, PR-19, PR-20, PR-21 

Karan Rai: Kiran 

 

LAB EXERCISE NO. 

Practical Study 

1. Study plant specimen and draw various parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop. 

3. Study germplasm, breeding material and yield evaluation trial during field visit. 

4. Study various types of diseases and pests on the crop. 

5. List the most conspicuous differences between the important varieties studied during field 

visit. 

6. List below any difficulties you encountered in the study of the crop. 



SUGARCANE (Saccharum sp.)  

I. SYSTEMATIC POSITION: 

KINGDOM : Plant kingdom (phanerogams) 

GROUP : Angiosperms 

SUBGROUP : Monocotyledons 

ORDER : Graminales 

FAMILY : Gramineae 

TRIBE : Andropogoneae 

SUBTRIBE : Saccharinae 

GENUS & SPECIES : Saccharum officinarum (noble came) 
 

 ORIGIN: 1. India as home centre of  Saccharum barberi 

 

II. New Guinea as a home centre of Saccharum officinarum 

 

 RELATED GENAREA AND SACCHARUM 

 

 SPECIES AND CHROMOSOME NUMBER: 

 

 Saccharum barberi (Saretha) 2n=90, 92 

    Group 

4. Saccharum barberi (Sumnabile) 2n=82,116 

    Group 

5. Saccharum barberi (Nargori) 2n=107, 124 

    Group 

6. Saccharum barberi (Mungo) 2n= 116, 118 

    Group 

7. Saccharum sinense  (Pansah) 2n=116,118 

    Group 

III. Saccharum spontaneum 2n=40 to 128 

IV. Saccharum robustum 2n=60 to 148 

V. Erianthus maximus 2n=60 to 100 

VI. Sclerostachya fusca 2n=30 

 

11. Narenga porphyrocoma 2n=30 

 

The main common basic chromosome numbers are 8 and 10.  Sacccharum officinarum is considered to be 

an octoploid with a basic number of 10.  S. officinrum originated from wild S. robustum. 

 

 

 

 



 IMPORTANT AND PRINCIPLE SUGARCANE GROWING COUNTRIES: 

 

Sugarcane is responsible for about 60% of world sugar production. It is mainly cultivated in Antiqua, 

Argentina, Barbados, Barbados, Brazil, Cuba, Domican Republic, Bangladesh, Egypt, Fiji, Florida 

(USA), Formosa, Guyana, Hawaii, India, Indonesia, Jamaica, Mauritius, Mexico, Peru, Philippines. India 

has maximum area and production in the world. 

 

C 4 PATHWAY: Sugarcane is a C4 pathway species. C4 sp. as a group assimilate Co2 under intense 

illumination at rate several times faster than species utilizing reductive pentose phosphate cycle. 

 

EVOLUTION OF COMMERCIAL VARIETIES: In evolution of commercial varieties Saccharum 

officinarum x S. spontaneum hybrids have a major feature. 

 
 

VII. DESCRIPTION: 
 

AERIAL PART: 

 Clump or a clone of stalks or tillers. Length of stalk 120-136 cm. and thickness from 2-8 cm. 

Internodes are of varying shapes cylindrical, conodial, obconoidal, Mature internode vary from 10-25 cm 

in length. Top internodes are closely packed and have large number of buds than other parts of stalk and 

are best planting material Surface of internods, just below the node have waxy consistency threads called 

the bloom & may form & wax band at upper portion. At the nodes are located the bud, the root primordial 

and growth ring. The bud consist of scales & meristematic tissue inside. The buds are alternately located 

on opposite side at nodes. The size, shape & disposition of buds may vary according to variety. 

 

LEAVES: Consisting of two parts, the blade & sheath are usually attached alternately to the nodes 

forming two rows on opposite sides. At the blade joint, a sheath known as dewlap, collar is there. Leaf 

blade at maturity is>1m. length. No. of leaves stalk. The leaf sheath is tubular broadest at base & 

gradually tapering. The ligule is membranous appendage on the inner side of transverse mark. Hair 

groups on blade & sheath are used in identification. 

 

ROOTS: Two kinds-sett roots & shoot roots at early stage, at later stage then 3 types (1) superficial 

absorbing roots (2) Buttress root (3) Pope system. The superficial roots are near surface of soil. The 



buttress roots take their origin from bases/nodes of young shoot. The pope system vertically downward of 

15-20 roots. 

 

 INFLORESCENCE: is an open branched panicle consisting of main axis & lateral branches. Older & 

mature spikelets are located at top & younger at bottom of panicle. Spikelets are arranged in pairs, one 

being sessile & other pedicelled. Each spikelet is surrounded at the base by circlet of long silky hair called 

callus hairs. A spikelet has an outer and inner glume followed by a sterile lemma and a floret. Then, there 

is a palea and two lodicules opposite to it. The lodicules absorb water, smell & press the glumes enabling 

the anthers to emerge 

 

ANDROECIUM: Stamens three, filaments long, anthers dithecous, versatile, linear, pollen grains dry. 

 

FRUIT: Caryopsis, a pericarp completely united with seed coat. 

 

SEED: Endospermic and containing a single cotyledon called scutellum. 

 

III. CHARACTERS FOR DESCROPTION OF VARIETEIS; following characters are important 

ones. 

1. Percentage 

2. Habit 

3. Leaf characters  

4. Cane (colour, internodes, node and bud) 

5. Germination and seedling habit 

6. Sett. And shoot roots 

7. Adult root system 

8. Stem epidermal pattern 

 

 FLOWERING: Varieties can be classified into non flowers, shyflowers, moderate to  profuse 

flowers under a given favourable environment. Sugarcane flowers all the year round at the equator 

where day length is almost constant at 12 hours and 7 minutes. Both in Hawaii and in India, floral 

primordia are initiated, when day length has 12.5 hours duration. In field flowering is 

disadvantageous as causes sugar losses. 

 SELFING AND CROSSING TECHNIQUES: To prevent flowering in commercial crops a 

knowledge of exact time of floral initiation is necessary. At Coimbatore (11ºN) the day length 

conducive for floral initiation ranges from, 12, 32 minutes to 12 hours, 42 minutes in the case of both 

early and late flowering varieties. Selfing may be ensured and cross pollination is prevented by 

covering the arrow with a bamboo frame work or cage and the cage covered with a closely woven 

cloth called lantern. 

 

Due to small size large number of sugarcane flowers are on arrow, emasculation is not practicable. In 

making crosses. Arrows from male parent are collected at at 4 AM and brought to laboratory and spread 

on paper and exposed to light at normal temperature. The pollen is shed on paper and remains viable for 

several hours. The flowers open between 5 and 6 AM and pollen is dusted over female parent arrows soon 

afterwards. Selfed seedlings are identified on the basis of morphological characters and by checking 



chromosome numbers. Since arrow normally flowers over a period of 5 to 10 days, pollination process 

must be repeated daily during period of flowering. 

 

VI. BREEDING OBJECTIVES: 

1. Cane yield (no. of stalks, weight per stalk) 

2. Cane ripening period 

3. Sucrose% 

4. Quality and purity of Juice 

5. Disease and Insect resistance 

6. Drought and stress resistance 

7. Heat, water logging, salt and wind pressure tolerance 

 

V. BREEDING METHODS: 

I. IDENTIFICATION OF CHARACTERS AND PARENTS: Identification of parents for juice quality 

and cane yield and other important traits is high desirable before applying methods of improvement. 

 

APPROACHES: 

1. Introduction 

2. Hybridization (Intervarietal, Interspecific, intergeneric) 

3. Evaluation of progeny through selection schemes applicable in self and cross-pollinated crops. 

4. Varietal identification 

5. Mutation breeding 

Clonal selection 

 

 SELECTION TECHNIQUES: 

 RAISING OF SEEDLINGS: Hybrid seed, is fluffy due to the presence of callus hairs which remain 

attached to the caryopsis to facilitate seed dispersal by wind. Hybrid seed or Fluff or fuzz require 

special special seed, normally germinates in 48 hours. Later on, seedlings are transplanted in the field. 

 

 SELECTION PATTERNS FOLLOWED IN VARIETAL DEVELOPMENT: 

1. Seedling nursery 

2. Setting nursery and ratoon of seedling nursery 

3. Fertilizer-cum-selection nursery 

4. Pre-advanced varietal trails 5. Large-scale advanced varietal trails at regional, state and national 

levels 

 

VI. DISEASES: 

1. Red stripe-Xanthomonas rubrilineans 

2. Mosaic disease-transmitted by insect vector Aphis maedis 

3. Red rot-Cottectotrichum falcatum 

4. Wilt-Cephaloshorium sacchari Butl. 

5. Smut-Ustilago scitaminea Syd. 

 

 



VII. PESTS: 

1. Tarai borer-Chilo auricilius 

2. Termites-Odonatotermis obserus Rhamb. 

3. Shoot borer- Chilo infuscatellus 

4. Stem borer-Bissetian steniellus Hmpsn. 

5. Leaf hopper-Pyrilla persusilla 

 

VIII. SECROSE AND DESIRED 
 

QUALITY PARAMTER: 

Sucrose or cane sugar is a disaccharide (C12H22 O11) made up of glucose and fructose (C6 H12 O6). At 

maturity, a variety should have high sucrose>16% and purity of juice>85%, low reducing sugars (<4%) in 

juice and optimum fibre (12.5%) in cane. The national sugar recovery is 10% only. 

 

IX. GUIDE FOR SUGARCANE CULTIVATION: 

SOIL: Soils are rich in humans, well drained and medium black are ideal. It can also be grown in red-

loamy soils. 

CLIMATE: Sugarcane is a tropical crop. It is very susceptible to frost or cold. An optimum temperature 

of 20-25ºC is required for cultivation of this crop. 

SEASON: The important sowing seasons are July-August, October-November, January, February. 

 

SEED SETS PER ACRE: Disease free sets-10,000 to 12,000 each with 3 eyes buds. 

FERTILIZER: Nitrogen 250 kg/ha 

  Phosphorus 75 kg/ha  

  Potash 125 kg/ha 

 

SOWING AND IRRIGATION : Sow treated sets with mercurial compound in ridges and furrows at 3 

each apart, keeping a depth of 6-8. Seed that eye buds face side-wards always, are good. Irrigate once in 8 

days in sandy-loam soils and once in 15 days in clay soils depending on weather conditions. 

 

PLANT PROTECION SCHEDULE: Spray the crop with recommended insecticide & fungicides only 

at optimum time. 

 

EXPECTED YIELD OF CANE: 

July-Aug. planted-100-200-250 ton/ha 

Oct-Nov. planted-80-150-200 ton/ha 

Jan-Feb. planted-100-200-250 ton/ha 

 

X. VARITIES:  

EARLY VARIETIES: CO395, CO62403, CO-S-510, CO-S-611, CO-S-541. CO-S-611, CO-S-659, 

CO1136, CO-1437, BO-47, CO-1336, B-17, COJ64, COC671, CO685, CO8436, CO88230, CO92254, 

CO7216, CO90265, CO9620, CO94431 

 

MEDIUM AND LATE VARIETIES: CO-S-109, CO-1148, CO-S-1158, 



 

CO-6811, BO-17, BO-34, CO-S-659, BO-54, CO527, CO-S-68, CO-1347, CO-S-62035, CO-6425, 

CO6812, CO-S-561, CO-1009, CO-975, COJ84, BO130, COP9302, COP9301, COP9206, BO128, 

BO128, BO116, BO120, CO90296, CO93259, CO 9263, CO93232. 

 

VARIETIES FROM PANTNAGAR: Pant CO 84211, Pant CO 84212, Pant CO 90223. 

 

 

 

 

 

LAB EXERCISE: NO. 

Practical study 

1. Study plant specimen and draw various parts and label them. 

2. Study inflorescence provided and hybridization techniques being used in the crop. 

3. Study germplasm, breeding material and yield evaluation trials during field visit. 

4. Study various types of diseases and pests of the crop. 

5. List the most conspicuous differences between the important varieties studied during field visit. 

6. List below any difficulties you encountered in the study of the crop.  

 

 

  



SUNFLOWER (Helianthus annuus)

I. SYSTEMMATIC POSITION:

KINGDOM : Plantae
SUBKINGDOM : Phanerogams
DIIVISION : Angiospermae
CLASS : Dicotyledoneae
SUBCLASS : Gamopetalae
SERIES : Inferae
ORDER : Asterales
FAMILY : Compositae
TRIBE : Heliantheae
GENUS & SPECIES : Helianthus annuus

 ORIGIN: Native to America
 CLOSEST BOTANICAL RELATIVE: Viguiera
 FOOD PLANT SPECIES: H. annuus. and H. tuberosus L.
 ORNAMENTAL SPECIES: H. annuus. H. agrophyllus, H. debilis

     H. maximiliani, H. multiflorus etc
 STATE FLOWER STATUS: H. annuus is the state flower of Kansas
 CHROMOSOME NUMBER: 2m=34 (diploid)

Majority of other Helianthus sp. have diploid chromosome no. 34, 68, 102 with exceptional
14, 28, 32. Autotetraploid have also been produced in breeding programmes.

II. DESCRIPTION:
HABIT: An annual herb.
ROOT: Tap root
 STEM: Erect, solid, branched, cylindrical, hairy.
LEAF: Simple, alternate, petiolate, exstipulate, ovate, dentate margin, acute apex, unicostate,
reticulate venation.
INFLORESCENCE: Head or capitulum (peduncle is flat on which florets are attached with
prominent involucres, heterogamous flowers.

a. RAY FLORET: Arranged on the periphery of capitulum, ligulate,  incomplete,  unisexual,
zygomorphic, epigynous.

CALYX:  Sepals 5, pappus, attached to fruit.
COROLLA:  Petals 5, gamopetalous, strap-shaped, valvate-yellow
ANDROECIUM:  Absent
GYNOECIUM:  Bicarpellary,  syncarpous,  inferior  ovary,  unilocular,  only  one  ovule,  basal
placentation, style long, stigma bifid.
B. Disc Floret:  Arranged in the central  part  of capitulum, tubular,  bracteates,  actinomorphic,
hermaphrodite, complete, epigynous.
CALYX: 5, pappus



COROLLA: Petals 5, gamopetalous, tubular, valvate
ANDROECIUM: Stamens 5, Sygencesious, epipetalous, anthers dithecous, basifixed introrse
GYNOECIUM: As in ray floret
FRUIT: Cypsella
 ANTHESIS: The outer whorl of disk flower opens first. Successive whorls of one to four

rows of disk flowers open daily for 5 to 10 days. The ray flowers begin to fall about 1 day
after  the  disk  flowers  at  centre  of  head  finish  flowering.  The  pollen  grain  has  well
development spines and three germinal furrows. Before the pollen is shed, the nucleus of
pollen divides mitotically to form a vegetative or tube nucleus and a generative nucleus. The
generative nucleus then divides to form two sperms.

III.MALE STERILITY
I. GENETIC MALE STERILITY: Two types  of  genetic  male  sterility,  In  one,  anthers  are

empty and split apart before exsertion, and pollen grains are not present or are uneven in size,
clumped and fail tostain.
In another type, pollen grains are smaller than smaller than normal, non staining and non
clumped type

II. CYTOPLASMIC  MALE  STERILITY:  Cytoplasmically  male  sterile  plants  usually  have
anthers one half the normal length which do not project out of the corolla. Anthers are fused
only at their bases, not at the tips. Microspores of CMS anthers produce only a rudimentary
exine and become flattened and crushed.

 EMBRYOGENESIS:  Before  fertilization,  the  pollen  tube  appears  to  grow  through
integument  tissue  along  the  micropyle  and  enters  the  embryo  sac  through  the  flirform
apparatus. After the egg. cell nucleus is fertilized, the embryo begins development.

Both Indian mustard and oilseed rape are self-pollinating crops. B.campestris var. toria
and  brown sarson group  are  largely  cross-pollinated.  In  Indian  mustard,  the  outcrossing
varied from 7 to 18%. In B. napus outcrossing upto 16% observed. Insect pollination is an
important component in B. juncea.

II. SEED SET ON MALE STERILE PLANTS:
A low hybrid seed production has been reported.

III. EVALUATION OF F1 HYBRIDS:
Expected yield increase in hybrids based on male sterility is yet to be commercialized.

IX. OIL AND MEAL QUALITY:
An important characteristic of rape seed-mustard oil is presence of erucic acid. In B. juncea
erucic acid constitutes about 48-65% of total fatty acids. The poly unsaturated linoleic and
linolenic  acid are  also present  in  significant  amount  and  confer  liquidity  on oil.  on the
saturated fatty acids, palmitic acid and stearic acid are present in low quantity (totaling about
5%).
Defatted Brassica oilseed meal contains about 40% protein with a well balanced amino-acid
composition. However, due to presence of glucosinolate content, its use in animal and human
nutrition is limited.



X. BREEDING STRATEGIES- OIL AND MEAL QUALITY:
In line with international standards, the breeding mandate now is development of 00 (zero
erucic acid & low gluconsiolate) or 000 (zero erucic acid, low glucosinolate, yellow seed
colour)  varieties.  The  upper  limit  for  glucosinolate  content  is  10  Nemo1/g  defatted  dry
matter.  Double low varieties are available is B. campestris and B. napus efforts are required
in B. juncea and B. carinata
SUCCESSFUL INTERSPECIFIC HYBRIDS:

1. Brassica chinensis x Brassica pekinensis 
2. Brassica napus x Brassica campestris
3. Brassica nigra x Brassica spinescens

INTERGENERIC HYBRIDS:
1. Raphanus sativus x Brassica spp.
2. Eruca x Brassica spp.
IV. DISEASES:
I. Alternaria Blight caused by Alternaria brassicae

Endosperm wall formation begins at the micropylar end of embryo sac. when the embryo is
developed fully, the coty ledons surround two embryonic leaves and a small growing point.

 SEED:  The seed consist of a seed coat, endosperm and embryo. The seed coat is thin and has
three layers,  with the inner and outer  layers  parenchymal,  and a  middle layer  of spongy
parenchyma, The endosperm consists mostly of single layer of aleurone cells coalesced with
the seed coat. The embryo is made up mostly of cotyledons. It consist largely of palisade
parendhyma, with cells containing oil-rich large aleurone particles and protein crystals.

IV. POLLINATION: The sunflower head usually is composed of about 1000 to 2000 individual
flowers  joined  to  common  base.  The  flowers  around  the  circumference  are  ligulate  ray
flowers  with  neither  stamens  nor  pistil.  The  remaining  flowers  are  hermaphroditic  and
protandrous  disk  flowers.  Arrangements  of  disk  flowers  prevents  self  pollination  of
individual flowers are exposed to pollen from other flower on same head by insects, wind
and gravity. The interval from exsertion of the anthers to fertilization of the flower is 2 days.
Most of the bees on sunflower are nectar  collectors,  but a small  percentage  collect  only
pollen & both types contribute to pollination. Open pollinated types vary greatly in degree of
cross fertilization, or self pollination ranging from 5 to 95% some degree of incompatibility
also exist. Older varieties are basically insect pollinated and newer hybrid are self fertile.

V. CHARACTERS:
1. YIELD AND YIELD COMPONENTS:
A. Plant height
B. Weight of 1000 seeds
C. Seed oil percentage
D. Hull percentage of seeds



E. Head diameter
F. Number diameter
G. Number of seeds per head

2. PLANT GROWTH CHARACTERISTICS:
A. Shape, size and number of leaves
B. Branching pattern
C. Plant height
D. Flowering and maturity
E. Head size, shape and Inclination
F. Lodging

3. FLOWER CHARACTERICS:
A. Self incompatibility and self fertility
B. Genetic male sterility and partial male sterility
C. Flower colour and morphology
D. Nectar production

4. SEED AND KERNEL CHARACTERISTICS:
A. Oil percentage
B. Fatty acid composition
C. Protein percentage
D. Seed and kernel weight
E. Seed colour

5. DISEASES RESISTANCE:
A. RUST 
B. Downy mildew
C. Verticillium wilt
D. Sclerotinia stalk and head rot

VI. DISESAES
1. Sunflower rust caused by Puccinia heianthi Schw
2. Downy mildew caused by Plasmopara helianthi Novot
3. Alternaria blight caused by Alternaria helianthi Hansf.
4. Charcoal rot caused by Macrophomina phaseolina Goid.
5. Sclerotium rot caused by Sclerotium rolfsii Sacc
6. Powdery Mildew caused by Erysiphe Cichoracearum DC. f.sp. helianthiBREEDING:
7. Angalar bacterial leaf spot caused by Pseudomonas syringae Pv. Helianthi
8. Sunflower mosaic
9. Yellow ring mosaic



VII. PESTS:
1. Jassids-Empoasca Kerri Pruthi
2. White fly- Trialeurodes sp.
3. Aphid-Aphis Craccivora Koch
4. Bihar hairy caterpillar-Spilosoma oblique walken
5. Tobacco catterpillar Spodoptera litura Fabr
6. Head borer-Heliothis armigera Hubner.
7. Root weevil-Myllocerus discolor fabr.

VIII. BREEDING OBJECTIVES:
Major objectives include (a) improved seed yield, (b) early maturity (c) shorter plant height
(d) uniformity of plant type (e) disease and insect resistance (f) high oil percentage (g) high
kernel-to-hull ratio (h) uniformity in seed size (I) shape and colour (j) tolerance ot salinity
and (k) tolerance to drought situations.

IX. BREEDING METHODS: Sunflower is a highly cross pollinated crop.
INTRODUCTION: Considerable variation for many desirable characteristics exists in sunflower
species fo RUSSIA, USA, Canada, thus, there is wide scope of genetic among germplasm lines.

2. METHODS FOR IMPROVING CULTIVARS:
1. MASS  SELECTION  Other  than  highly  heritable  yield  traits,  selection  for  saline

tolerance condition would be of great value to the crop.
3. UTILIZATION OF INBREEDING AND HETEROSIS:

A. Inbreeding effects
B. Development of Inbred lines
C. Evaluation of Inbred lines
D. Utilization of Inbred lines

4. METHODS OF PRODUCING HYBRIDS:
A. Natural cross pollination with self incompatibility
B. Genetic male sterility
C. Cytoplasmic male sterility and genetic fertility restoration

5. POPULATION IMPROVEMENT SCHEMES:
1. Recurrent selection for Improving Source Populations for oil content and desirable

constituents.
6. IDEAL PLANT TYPE IN SUNFLOWER: 

A short,  sturdy,  single-stemmed  plant  with  leaves  mainly  at  top  of  the  stem  is  a  most
desirable type for mechanized production, especially in drier areas.

7. IASOLATION DISTANCE IN SUNFLOWER:
Isolation distance of 3km is a normal requirement to ensure purity

X. A GUIDE LINE FOR SUNFLOWER CULTIVATION:
SOIL: The crop in suited to well drained soil condition.



CLIMATE: It can be grown both under irrigated and rainfed conditions. It tolerate drought
conditions
SEASON: Monsoon crop-June

Rabi crop-October-November
Summer crop-February

SEED RATE: 10-12 kg/ha
FERTILIZER: Nitrogen 60kg/ha

      Phosphorus 75kg/ha
Potash 60kg/ha

SOWING: Sow the seeds in furrow’s at 8 “a part, not deeper than 2” at 2-3 seeds/hill. Thin
out plants retaining only one per hill 15 days after sowing. Recommended irrigations must be
given.
PLANT  PROTECTION  SCHEDULE:  Spray  the  crop  with  recommended
insecticides/fungicides only before flowering period.
Yield expected: 20-25 q/ha

XI. VARITIES: EC  68413,  EC68414,  EC  68415,  PKV-SUF-72-37,  BSH-1,  SURISE,
MODERN,  VANIMIK,  PERIDEEVIK,  KBSH-1,  NSFH-9  SH3322,  AH305,  PSH50,
WFS2282,  MSFH-31,  GHS777,  MEHA363,  JWALAMUKHI,  SH187,  SH41,PG1011,
PG1015, PSH6460, ARMAKTARS, SURYA, CO-1 CO-2, MSFH-1 MSFH-8. APSH-11,
GKSH 2001, GKSH2001, GKSH2002 GKSH2003.

LAB EXERCISE NO.
Practical study:
1. Study plant specimen and draw various parts and label them.
2. Study inflorescence provide and hybridization techniques being used in the crop
3. Study germplasm, breeding material and yield evaluation trials during field visit.
4. Study various types of disease and pests of the crop.
5. List the most conspicuous differences between the important varieties during field visit.
6. List below any difficulties you encountered in the study of the crop.


