
RICE (Oryza sativa) 

I. SYSTEMATIC POSITION 

DIVISION : Angiospermae 

CLASS :  Monocotyledonae 

SERIES :  Glumaceae 

ORDER : Graminales 

FAMILY : Poacea 

SUB-FAMILY : Oryzoideae 

TRIBE : Oryzeae 

SUB TRIBE : Oryzinaeae 

GENUS & SPECIES : Oryza sativa 

 

Origin: oryza sativa has originated mainly from O. nivara in the plateau region of south and 

south east Asia O. sativa has differentiated into ecospecies (aus, aman japonica and Jamaica) and 

within the ecospecies into ecotypes. 

 

SPECIES: genusoryzoa has 24 species, of which 22 are wild and two viz O. sativa and O. 

glaberrima are cultivated, 

 

 WILD SPECIES: Some are: O. nivara; O. perennis; O. jatua; O. barthii, O. cubensis; O. 

officinalis; O. minuta; O. punctata; O. alta; O. latijolia ect. 

 

 CHROMOSOME NUMBER:  

1. oryza sativa 2n=24  O. nivara 2n=24 

2. Oryza coarctata 2n= 48  O.barthii 2n=24 

3. Oryza minuta 2n= 48  O. langistaminata 2n=24 

4. Oryza glaberrima 2n=24 

 

II. DESCRIPTION: 

 

HABIT:  A cultivated annual crop plant. 

ROOT:  adventitious roots which arise from node of the stem. it is     

  profusely branched. 

STEM:  The stem has two parts the under ground part and the aerial part. Stem called culm 

  has solid nodes and hollow internodes. The uppermost internode (peduncle) bears  

  panicle. 

LEAF:  The leaves are borne on the culm in two ranks one at each node, normal leaf is  

  composed of a stheath and a lamina. The junction of the sheath and the lamina is  

  called juncture which is a triangular structure apportoined as juncture proper,  

  juncture back and juncture front. At the based juncture on the ventral surface is a  



  triangular ligule and a pair of sickle shased auricles. Each tiller developing from  

  an axillary bud is enclosed by a leaf called prophyll. the lamina of last leaf is  

  called flag leaf. 

 

INFLORESCENCE: A terminal panicle borne on a long peduncle. the main axis bears secondary 

   and tertiary rachii. spikelet is single flowered. 

 

SPIKELET:   The rice spikelet consists of two empty glumes (sterile glumes), two fertile 

   glumes (lamina, palea), two fleshy lodicules, the lodicules situated at base  

   of spikelet represent reduced perianth. Lemma chartaceous, obtuse or  

   acute. Palea thick in texture, keeled. 

 

STAME NS:   Six stamens in two whorls, anther linear 

 

PISTIL:   Pistil has single central ovule, a short slender style and a bifurcated  

   plumose stigma, ovary tricarpellary, single celled with basal placentation. 

 

AWN:    Some varieties of O. sativa and most of the wild s(ecoes are awned. 

 

GRAIN:   Elongated enclosed by lemma & palea, endospemous species are awned. 

 

ANTHESIS:   Anthesis starts shortly after the panicle emerges from the flag leaf.   

   Normally 9-10 A.M. is the peak period of flower opening. 

 

POLLINATION: Rice is self pollinated crop. 

 

III. RICE BREEDING OBJECTIVES: In rice breeding objectives are very specific to the 

situations for which a variety is bread. Some of them are: 

 

A. BREEDING UPLAND RICES EITH TOLEARANCE TO DROUGHT: 

Four kind of situations are possible 

1. Rains adequate during vegetative and reproductive phase. 

2. Rains inadequate during vegetative phase but adequate during reproductive phase. 

3. Rains adequate during vegetative phase but inadequate during reproductive phase. 

4. Rains inadequate during both vegetative & reproductive phases 

Therefore, main objective is to find out donors with drought tolerance. 

 

B. BREEDING FOR WATER-LOGGED AND LOWLAND CONDITION: 

The low lying areas are (1) water logged area (2) flooded area (3) deep water area  

The major problems are: 



1. Uneven distribution of rain fall during July & August. 

2. Poor establishment of seedlings/stand due to submergence at critical stage of growth. 

3. Premature lodging 

4. Low photosynthetic rate. 

5. Accumulation of toxic substances due to ill-drained condition. 

6. Low tillering 

7. Lack of seed dormancy 

water logged conditions aim to combine (1) long duration (2) Photosensitivity (3) Non-

lodging habit (4) Intermediate height and (5) Seed dormancy. 

 

C. BREEING FOR DEP WATER CONDITION: 

The following characters are considered desirable in deep water varieties. 

1. Drought tolerance during early growth stage. 

2. More nodes with shorter internodes to avoid lodging-before inducement of flooding habit. 

3. Early vigour, Photosensitivity, high nodal tillering. 

4. Early internode elongation, even form the 3 weeks stage. 

5. Development of adventitious roots from upper nodes to draw nutrition from flooded water. 

6. Ability to stand in submergence stage. 

7. Tolerance to anaerobic reduced conditions of the soil. 

 

D. BREEDING FOR FLOOD RESISTANCE: 

The ideotype should have following characteristics. 

1. Ability of high cytochrome oxidase activity. 

2. Enough oxygen for use during submergence. 

3. Ability for photosynthesis under low light intensity of submergence. 

4. Tensile strength of root, stem and leaves. 

5. Thick culm, deep root system, intermediate height. 

6. Ability to withstand drought at later growth stage. 

 

E. BREEDING FOR SALINE CONDITIONS: 

Various tolerant to salinity are desirable 

 

F. BREEDING FOR HIGH ALTITUDE AREAS: 

The various should have ability to grow in sub-mountaneous Himalyan region conditions. 

 

G. BREEING FOR HIGH PROTEIN CONTENT IN RICE 

There is a need for high protein rices. 

 

 

 



H. BREEDING FOR HIGH YIELDING SCENTED RICE VARIETIES: 

Aroma, kernel length after cooking elongation ratio, volume expansion and eating qualities in 

Basmati rices are to be improved in new cultivars. 

 

IV. BREEDING METHODS: 

1. INTRODUCTION: 

Collection and screening of new germplasm is very important. 

2. MASS SELCTION: 

Procedure followed in self pollinated crop is applicable here also. 

3. PURE LINE SELECTION: 

Procedure followed in self pollinated crop is applicable her also. 

4. HYBRIDIZATION: 

It has played a very important part in improvement of rice. Following type of crosses are 

normally practised. 

1. Intervarietal simple and complex crosses 

2. Japnica x Indica crosses 

3. Interspecific crosses 

4. Back crosses for Disease and Insect resistance. 

 

5. SELECTION SCHEMES AFTER HYBRIDIZATION: 

Following techniques of selection are used in rice. 

1. Pedigree method 

2. Bulk-Pedigree method 

3. Recurrent selection schemes of population improvement 

 

6. MUTATION BREEDING: 

 A wide range of spontaneous and induced mutation have been indentified & utilized in 

rice improvement. 

 

7. PLOIDY BREDING: 

Haploids, triploids, auto-and allotetraploids have been obtained & are in use in rice 

improvement. 

 

8. MOLECULAR BREEDING: 

Major emphasis is on following aspects. 

 

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

pyramiding. 



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

hybridization through engineering resistance for biotic stress and other traits of agronomic 

importance. 

 

V. HYBRID RICE: 

Hybrid rice refers to the commercial rice crop raised from F1 seeds. The tendency of the f1 

offspring of crossed varieties to have greater productivity or superior performance than the 

parents. 

 

ADVANTAGES OF RICE HYBRIDS:  

1. Higher yield 2. Higher productivity per day 3. Wider adaptation 4. Early seedling vigour 5. 

Stronger root system 6. Expeditious pyramiding of resistant genes. 

 

GENETIC TOOLS FOR F1 RICE HYBRIDS: 

1. Cytoplasmic-genetic male sterile line (CMS or A line) 

2. Maintainer (B) line 

3. Restorer (R) line 

 

METHODS OF DEVELOPING F1 RICE HYBRIDS: 

I. SELECTION OF A LINES: 

A line should have following characteristics. 

1. Complete pollen sterility. 

2. Stable pollen sterility over environments. 

3. Good adaptability and good performance. 

4. Good general and specific combining ability. 

5. Agronomic and floral traits to allow sufficient cross pollination in seed production plot. 

 

II. SELECTION FOR R LINES: 

R lines should have following characteristics 

1. Complete restoration ability in difference environments. 

2. Good adaptability and good performance. 

3. Good specific combing ability. 

4. Agronomic and floral traits to allow for sufficient cross-pollination in seed production plot. 

 

HYBRID RICE SEED PRODUCTION STEPS: 

1. Multiplication of CMS line AxB 

2. Production of Hybrid seed AxR 

 

VI. DISEASES OF RICE 

1. Blast diseases caused by Pyricularia oryzae cav. 



2. Helminthosporiose disease caused by Helminthosporium oryzae Breda de Hoan 

3. Stem rot caused by Helminthosporium sigmoideum cav. 

4. –do- by Sclerotium oryzae catl. 

5. –do- Magnaporthe salvanii (catl. Kruse & Webster 

6. Sheasth blight caused by corticium sasakii matsumoto 

7. –do- by Rhizoctonia solani Kuhn 

8. Bacterial blight caused by Xanthomonas campestris Pv. Oryzae 

9. Bacterial leaf streak caused by Xanthomonas campestris Pv. Oryzicola 

10. Rice Tungro Virus disease 

11. Grassy stunt virus disease 

 

VII. INSECT PESTS OF RICE 

1. Stem borers- Tryporyza incertulas  

2. –do- Chilo suppressalis 

3. Gall-midge- Orseolia oryzae 

4. Green rice leaf hopper Nephotettix nigropictus stal. 

5. White rice leaf hopper- Cicadella spectra distant 

6. Gundhi bugs- Leptocorisa ornatus Fabricius 

7. Rice mealy bug-Ripessia oryzae Green 

8. Paddy stem maggot-Hydriellia philippina-Ferino 

9. Paddy aphid- hysteronaura setariae Thomas 

10. White tip nematode- Aphelenchoides besseyi 

11. Rice stem nematode- Dity lenchus angustus 

 

VIII. QUALITY FEATURES OF RICE: 

1. Nature of kernel-white and translucent rice is preferred. 

2. Grain dimensions- size and shape as long slender, short slender, medium slender, long bold, 

short bold. 

3. Texture of endosperm: hard or soft texture 

4. Hulling and milling qualities: the hulling optimum ranges from 71 to 83 percent 

5. Cooking quality: Cooking quality paremeters  are gelatinization temperature, anylose 

content, starch, iodine blue value, water uptake, kernel expansion, kernel elongation etc. 

6. Nutritional quality as protein, Aroma are important. 

 

IX. RICE MILDING AND PROCESSING PARAMETERS: 

The technology of rice processing covers (1) milling (2) Parboiling (3) by Products & Products 

(4) nutrition 

 

 

 



X. GUIDE FOR RICE CULTIVATION: 

SOIL: Paddy can be grown in all type of soils. However, soils containing clay fractions is most 

ideal. The ideal soil Ph is 7 

 

CLIMATE: Paddy prefers dry humid weather, Temperature, atmospheric humidity and sufficient 

rainfall influence the crop growth. The ideal temperature is 21ºC to 35ºC. it can be grown upto 

and altitude of 5,000 above sea level. 

 

SEASON: OPTIMUM TIME FOR SOWING AND TRANSPLANTING:  

 

MONSOON:  SOWIGN  TRANSPLANTING 

Kharif Season May-June June-July 

 

Rabi (only coastal areas)  Before end of October  Before end of November 

Summer       Before the end of January  Before the end of February 

SEED RATE:    30-40 kg/ha 

    Nitrogen 120/150 kg/ha 

    Phosphorus 60 kg/ha 

    Potash  40 kg/ha 

 

NURSERY: Treat the seeds by 2g of organo-mercurial compound for one kg of seed. Sow the 

seed uniformly I the nursery bed keep the bed moist for first few days, when the seedlings are 

about 1” high keep the bed submererged in a shallow layer of water. 

 

TRANSPLANTING: Transplant seedlings 20-25 days old, in rows of 20 cm a part and 10 cm 

from hill with 2-3 seedling per hill. Limit the level of water in plots to during first 10 days and 

increase the water level to 3-5 cm till 10 days before harvest. 

 

EXPECTED YIELD: 40-50-100 q/ha 

 

X. RICE VARIETIES: 

A. Upland Rice Varieties: Rasi, Heera, Akashi, Tulsi, Bala, Govind, Narendra-1 Narendra 118, 

Neela, Jalgaon-5, Abha, Annapurna, Kanchan, Annada, Narendra 97. 

B. Aromatic Varieties: Madhuymalti, Ranbir, Basmati, Banspatri, Chinoor, Kadam, Phool, 

Amrit, Chinnor, Jirasel, Pankhali 203, T412, Badshahbhog, Basmati 370, Basmati Kota, 

kamod, Type=3 Hansraj, Karnal local, Kalanamak, Bhata phool. 

C. Deep water-Flooding situation varieties: Jalmagna, chakia 59, Madhukar, Jalpriyer Jal 

Lahari, 7-100 crorss 116. 

D. Flood Tolerant Varieties: BR49, PTB15, FR43B, CO14, ADT17, Madhukar, NDGR21, 

NDGR24, Jalplaban-1, Chin 31, Tilak kacchari, Jalpriye. 



E. Varieties release from Pantnagar University: 

IR24, Prasad, Govind, Pant Dhan-4, Manhar, Pant Dhan6, Pant Dhan 10, Pant Dhan 11, Pant 

Dhan 12, hybrid UPHR-27 

 

LAB EXCERCISE 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 trails during field visit. 

4. Study various types of diseases and pests spread 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. 

 
 

 

 

 

 



Crop Improvement –I 
1. RICE (Oryza sativa) 

Rice belongs to the genus Oryza and the tribe Oryzeae of the family Gramineae (Poaceae). The 

genus Oryza contains 25 recognized species, of which 23 are wild species and two- O. sativa and O. 

glaberrima are cultivated 

Origin: Oryza sativa has originated mainly from O. nivara in the plateau region of south and south east 

Asia. The species of the genus Oryza are broadly classified into four complexes viz. Sativa, Officinalis, 

Ridley and Meyeriana. 

SPECIES: The species of the genus Oryza are broadly classified into four complexes viz. Sativa, 

Officinalis, Ridley and Meyeriana. The genus Oryza contains 25 recognized species, of which 23 are wild 

species and two, O. sativa and O. glaberrima are cultivated.  

 WILD SPECIES: Some are: O. nivara; O. perennis; O. jatua; O. barthii, O. cubensis; O. officinalis; 

O. minuta; O. punctata; O. alta; O. latijolia ect. 

 CHROMOSOME NUMBER:  

2n=24: Oryza sativa;O. nivara; O.barthii; O. langistaminata; Oryza glaberrima …. 

2n=48: Oryza coarctata;Oryza minuta……….   

INFLORESCENCE: A terminal panicle borne on a long peduncle. the main axis bears secondary  and 

tertiary rachii. spikelet is single flowered. 

SPIKELET:  The rice spikelet consists of two empty glumes (sterile glumes), two fertile glumes 

(lamina, palea), two fleshy lodicules, the lodicules situated at base of spikelet represent 

reduced perianth. Lemma chartaceous, obtuse or acute. Palea thick in texture, keeled. 

STAMENS:  Six stamens in two whorls, anther linear 

PISTIL:  Pistil has single central ovule, a short slender style and a bifurcated plumose stigma, 

ovary tricarpellary, single celled with basal placentation. 

AWN:    Some varieties of O. sativa and most of the wild. 

GRAIN:   Elongated enclosed by lemma & palea, endospemous species are awned. 

ANTHESIS:   Anthesis starts shortly after the panicle emerges from the flag leaf.   

   Normally 9-10 A.M. is the peak period of flower opening. 

POLLINATION: Rice is self pollinated crop with < 5% out-cross 

I. RICE BREEDING OBJECTIVES: Specific to the situations for which a variety is bread.  

II. BREEDING METHODS: 

1. INTRODUCTION:. 

2. MASS SELCTION: 

3. PURE LINE SELECTION: 

4. HYBRIDIZATION: 

1. Inter-varietal simple and complex crosses 

2. Japnica x Indica crosses 

3. Interspecific crosses 

4. Back crosses for Disease and Insect resistance. 

5. SELECTION SCHEMES AFTER HYBRIDIZATION: 

1. Pedigree method 

2. Bulk-Pedigree method 

3. Recurrent selection schemes of population improvement 

6. MUTATION BREEDING: 

7. PLOIDY BREDING:Haploids, triploids, auto-and allotetraploids  



8. MOLECULAR BREEDING: 

III. HYBRID RICE: Hybrid rice refers to the commercial rice crop raised from F1 seeds.  

ADVANTAGES OF RICE HYBRIDS:  

1. Higher yield 2. Higher productivity per day 3. Wider adaptation 4. Early seedling vigour 5. Stronger 

root system 6. Expeditious pyramiding of resistant genes. 

GENETIC TOOLS FOR F1 RICE HYBRIDS: 

1. Cytoplasmic-genetic male sterile line (CMS or A line) 

2. Maintainer (B) line 

3. Restorer (R) line 

METHODS OF DEVELOPING F1 RICE HYBRIDS: 

I. SELECTION OF A LINES: 

A line should have following characteristics. 

1. Complete pollen sterility. 

2. Stable pollen sterility over environments. 

3. Good adaptability and good performance. 

4. Good general and specific combining ability. 

5. Agronomic and floral traits to allow sufficient cross pollination in seed production plot. 

II. SELECTION FOR R LINES: 

R lines should have following characteristics 

1. Complete restoration ability in difference environments. 

2. Good adaptability and good performance. 

3. Good specific combing ability. 

4. Agronomic and floral traits to allow for sufficient cross-pollination in seed production plot. 

QUALITY FEATURES OF RICE: 

1. Nature of kernel-white and translucent rice is preferred. 

2. Grain dimensions- size and shape as long slender, short slender, medium slender, long bold, 

short bold. 

3. Texture of endosperm: hard or soft texture 

4. Hulling and milling qualities: the hulling optimum ranges from 71 to 83 percent 

5. Cooking quality: Cooking quality paremeters  are gelatinization temperature, anylose content, 

starch, iodine blue value, water uptake, kernel expansion, kernel elongation etc. 

6. Nutritional quality as protein,  aroma… are important. 

RICE VARIETIES: 

A. Upland Rice Varieties: Rasi, Heera, Akashi, Tulsi, Bala, Govind, Narendra-1 Narendra 118, Neela, 

Jalgaon-5, Abha, Annapurna, Kanchan, Annada, Narendra 97. 

B. Aromatic Varieties: Madhuymalti, Ranbir, Basmati, Banspatri, Chinoor, Kadam, Phool, Amrit, 

Chinnor, Jirasel, Pankhali 203, T412, Badshahbhog, Basmati 370, Basmati Kota, kamod, Type 3, 

Hansraj, Karnal local, Kalanamak, Bhata phool. 

C. Deep water-Flooding situation varieties: Jalmagna, chakia 59, Madhukar, Jalpriyer, Jal Lahari, 7-100 

crorss 116. 

D. Flood Tolerant Varieties: BR49, PTB15, FR43B, CO14, ADT17, Madhukar, NDGR21, NDGR24, 

Jalplaban-1, Chin 31, Tilak kacchari, Jalpriye. 

E. Varieties release from Pantnagar University (26): 

IR24, Prasad, Govind, Pant Dhan-4, Manhar, Pant Dhan 6, Pant Dhan 10, Pant Dhan 11, Pant Dhan 

12, Hybrid UPHR-27 

*********** 



MAIZE (Zea mays) 

I. SYSTEMATIC POSITION: 

DIVISION  :  Angiospermae 

CLASS  :  Monocotyledonae 

SERIES  :  Glumaceae 

ORDER  :  Graminales 

FAMILY  :  Gramineae (Poaceae) 

TRIBE   :  Maydeae 

GENUS & SPECIES :  Zea mays 

ORIGIN: Maize may have originated in the highlands of Peru, Bolivia, and Ecuador. Others 

believe that corn originated in Southern Mexico and Central Mexico and Central America. 

CLOSEST BOTANICAL RELATIVE: 

Tribe maydeae includes eight genera, five of these are relatively unimportant oriental genra. 

1. Coix 

2. Schlerachne 

3. Polytoca 

4. Chinonachne 

5. Trilobachne 

 

 The three American genra are: 

1. Zea, which is of greatest importance 

2. Tripsacum (gamagrass): has some value as forage crop. 

3. Euchlaena (teosinte) which appears to be closest wild relative of corn. 

 

 GROUPS OF CORN: 

Corn may be divided into various groups differing I character of seeds. 

1. Dent 

2. Flint 

3. Sweet 

4. Flour 

5. Pop corn 

6. Waxy 

7. Pod corn 



 CHROMOSOME NUMBER: 2n=2x=20 

 

II. DESCRIPTION: 

HABIT  :   An annual cultivated crop plant 

ROOT   :  Adventitious (stilt roots) 

STEM   :  Erect, cylindrical, herbaceous, solid, distinct nodes and  

     internodes, smooth, green 

LEAF   :  Alternate, simple, long ligule present, linear entire margin,  

     green, multicostate parallel venation, sheathing leaf base. 

INFLORESCENCE :  Plant monoecious, diclinous, two kinds of flowers in  

     different inflorescences, male in staminate and female in  

     pistillate inflorescence, respectively. 

MALE FLOWER :  Tassel-each spikelet has two flowers-one pedicellate other  

     sessile, each has pair of bracts the  inferior and superior  

     palea, zygonorphic,  

PERIANTH  :  Represented by 2 scales the lodicules 

ANDROECIUM :  Stamens 3, linear, versatile 

GYNOECIUM :  Rudimentary or absent 

FEMALE FLOWER :  Each spikelet is two flowered and sub-tended by glumes,  

     the sterile and fertile. Each flower is enclosed by inferior  

     and superior palea, zygomorphic 

PERIANTH  :  Represented by 2 lodicules 

ANDROECIUM :  Absent 

GYNOECIUM :  Monocarpellary, superior, single ovule, basal placecement,  

     style filiform, long, silky, stigma hairy. 

SEED   :  Corn Kernel has following composition. 

     Carbohydrates-80% 

     Protein  -10% 

     Oil  -4.5% 

     Fiber  -3.5% 

     Minerals -2.0% 

 

III. TECHNIQUE OF MAKING HAND POLLINATIONS IN MAIZE: 

Corn is naturally cross pollinated plant. it is necessary, therefore, to control pollination 

artificially when making either a self fertilized ear or a cross pollinated ear. Three general 

methods of making pollinations have been suggested. 

1. Tassel-bag: The uppermost ear shoots are covered with a bag 3x8 inches. 

2. Bottle- seed procedure 

3. overall-it utilizes a cloth bag that covers the entire plant. 

 



IV. BREEDING METHODS: 

Corn improvement methods may be grouped into five general caterories. 

1. INTRODUCTION: 

2. MASS SELECTION: 

It consists of selecting desirable ears from the better plants and planting the selected seed 

enmasse. Since corn is almost completely cross fertilized, the breeding material is a complex 

mixture of hybrids and selection results in a shifting of the average instead of a true fixation 

of the type. 

3. EAR-TO ROW SELECTION: 

The relative productiveness of different ears is evaluated by planting a portion of the seed 

from each ear in individual rows and determining  the performance of the plots. Seed from 

the higher yielding ears is increased for commercial use. 

In this techniques some of the higher yielding progeny rows may have been hybrids of 

unknown parentage that did not breed true. All half-sib families are a mixture of hybrids. 

continued ear-to-row selection resulted in inbreeding. 

4. MULTIPLE CROSSES, SYNTHETIC VARIETIES, OR COMPOSIES: 

Multiple crosses is the first generation of a cross containing more than four inbred lines. 

Either the first generation or the advanced generations of such a combination may be used for 

commercial corn production. When the advanced generations are grown and the strain is 

maintained by mass selection, it usually is defined as a synthetic variety or a composite. 

5. HYBRID AMONG THE INBRED LINES: 

Hybrid corn utilizes first generation crosses among inbred lines. It requires finding the best 

inbred lines and practical use of the inbred lines in production of the seed. 

V.  HYBRID CORN BREEDING SYSTEMS: 

1. Line Development: The following procedure is followed. 

 

First year: Self-pollinate several hundred or more selected plants of desirable open-pollinated 

varieties, composites, or hybrid material. Discard plants and ears of poor appearance. 

 

Second year: Grow 10-30 plants in a row from each self-pollinated ear. Self pollinate three to 

five desirable plants in each row. Practice selection within and between progenies. Save ears 

from the better one to three plants in each selected row. 

 

Third year: Plant one to three ears of each selected family ear-to-row. Self-pollinate desirable 

plants. Select the best row of each family on the basis of appearance. Discard the other rows. 

Save the one to three better ears from desirable plants of the selected row. This procedure is 

repeated. until each inbred line is relatively homozygous (5+7 yrs). 

 

2. LINE IMPROVEMENT: 



Gamete selection, backcrossing and convergent improvement may be utilized for the 

improvement of established inbred line. 

A. Gamete selection: It involves following procedure. 

 First year: Cross selected plants of an open pollinated variety or hybrid material with 

specific line where improvement is desired. 

Second year: Self selected F1 plants. Crossing is also done. 

Third year: Test the crosses produced in the second year. Select year. Select the better 

performing line for continued in breeding. Self-pollinate plants of S2 inbreds or store them for 

pending evaluation of the test crosses. 

Fourth year: Self pollinate selected lines. Retest the crosses produced in the second or third year. 

Fifth year: Continue self-pollination of selected lines until homozygous. 

Sixth year: Substitute improved inbred line in original hybrid and use commercially. 

B. Backcrossing: The cross of a hybrid to one of the parents in a backcross. It is useful in 

transferring one or two simply inherited characters of the non-recurrent parent to the 

recurrent parent. 

C. Convergent improvement:  It utilizes double backcrossing in an effort to improve characters 

of the two parental inbreeds of an otherwise desirable single cross. the f1 is backcrossed to 

both parents through several generations. the desired genes the ear fixed by several 

generations of self fertilization. 

 

3. POPULATION IMPROVEMENT: 
 

A. Recurrent selection: The essential steps are : 

1. The isolation of one-generation selfed lines. 

2. Testing of these lines I top crosses for yield another characters to determine their relative 

endonments of genes effecting these characters. 

3. Intercrossing of the better-endowed selfed lines to produce a synthetic variety.  

4. Cross improvement. 

 

B. Reciprocal recurrent selection: 

Detailed procedure might be as a follows: 

First year: Self pollinate 200 selected plants from source A and a like number from source B. 

Cross each of the self-pollinated plants from source A with 4 or 5 plants taken at random from 

source B. Cross each of the self pollinated plants from source B with four or five plants from 

source A. 

Second year: Compare the test crosses made in the first year in performance trails. Test cross 

seed form the several plants involving each new inbred line should be composited for testing. 



Thus, there would be 200 top cross entries in each of two trials for cross performance. The S1 

inbreeds may be self-pollinated again or they may be laid aside while the test crosses are being 

evaluated. 

Third year: Seed of inbred lines whose crosses were superior in the previous years field trials are 

planted ear-to-row or ear-to hill. The better performing inbred form source A, based on their 

performance in top crosses, would be combined in all possible single cross combinations to from 

A and used as a source material for another cycle of inbreeding. the same procedure would be 

followed with inbreeds from source B. 

Fourth to sixth year: The procedure ad followed during the first three years would be repeated, 

using group A’ and B’ seed produced in the third year. 

 

V. SELECTION FOR ECONOMIC CHARACTERISTICS: 

 Three very important traits are: 

1. Yield of grain, silage, green feed, and fodder 

2. Maturity 

3. Standability 

 

Other traits of importance: 

1. Cold tolerance 

2. Heat and drought tolerance 

3. Sweet corn-green vegetable type 

4. Popcorn-popping an confections. 

 

VI. CORN DISEASES: 

1. Leaf blight: Caused by Helminthosporium turcicum 

    H. maydis, H. carbonum 

2. Leaf rust: Caused by Puccinia sorgi 

3. Stalk rot:  Caused by Dplodia zeae 

4. Ear rot: Caused by Gibberella zeae 

5. Smut: Caused by ustilago maydis etc. 

 

VII. INSECTS: 

1. UNDER GROUND INSECTS: Root aphids (Anuraphis maidi radicis, root worm (Diabrotica 

sp.) white grubs (Phyllophaga sp.),namatodes etc. 

2. STALK, LEAF AND EAR INSECTS: Chinch bugs (Blissus leucopterus), Earworm 

(Heliothis armigera), European corn borer(Pyrousta nubilalia), grasshoppers (Melanoplus 

sp.), 

3. STORED GRAIN INSECTS: 

Angoumois grain moths (sitotroga cerealella) Rice weevils (Diyophilud oryza L.). etc. 

 



VIII. GUIDE FOR MAIZE CULTIVATION: 

1. SOIL: Clay loam or sandy loam with sufficient organic matter and drainage, III-drained soils, 

alkaline or acidic soils are not ideal. 

2. CLIMATE: The crop does not tolerate high temp, and frost. it is very suscesptible to drought 

conditions . the optimum temperature is 15ºC to 25ºC. 

3. SEASON: It can be grown throughout the year except extreme winter months. 

4. SEED RATE PER HA: 15kg/ha; 6kg/acre 

5. FERTILIZER: Nitrogen 150 kg/ha 

        Phosphorus 75 kg/ha 

        Potash 75 kg/ha 

6. SOWING: Sow the organomercurial treated seeds in furrows 24’’ apart and 12’ apart from 

seed to seed, not deeper than 2,’’ 

7. IRRIGATION: Irrigate the crop once in 8 days in case of sandy lam soil and one in 15 days 

in heavy soils depending upon weather conditions. 

8. PLANT PROTECHTION SCHEDULE: For insects like pink borer, stem borer, cutworm etc. 

spray metacid 0.1% or any other one as recommended time to time. to control diseases spray 

moncozeb at 0.3% or any other recommended are onece or twic at interval of 10-15 days. 

9. EXPECTED YIELD: Grain-50-60-75 q/ha 

        Fodder-25-30 ton/ha 

 

IX. VARIETIES: 

1. HYBRIDS  Ganga 1, Deccan, Ranjit, VL-54, Ganga Safed-2, 

   (Kharif) Histarch, Ganga-3, Ganga-4, Ganga-5, Ganga-9 

   KH528. LJ598, SSF9374, PAC9728, PRO311, JK2492, Prakash, Pahas, 

SSM510, KH9451, MMH69, PEHM-1, PRO303, COH2, DHM 107, DHM 109, HIM128, 

HIM129, VL42 

2. Composites: Amber, Vijay, Sona, Kisan, Vikram, Jawahar, Protina, Shakti, Rattan, Kesari, 

C6, C8, C15, Navjot, VL88, VL Amber PoPcorn, Pearl PoPcorn, Meagha, Parbhat 

3. Desi Varieties of Maize: Type 41, Jaunpur Safed, Meerut Peeli, Meerut Safed. 

4. Varieties Released from Pantnagar University: 

Ganga-4, Protina, Tarun, Navin, Shweta, Kanchan, S765, Surya, Asha, D931 (Gaurav) 

 

 

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 trails during field visit. 

4. Study various types of diseases and pests spread 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. 

 

 

 

 

 

 

 

 



SORGHUM (Sorghum bicolor) 

1. SYSTEMATIC POSITION: 

Kingdom  :  Plantae 

Sub-kigdom  :  Phanerogams 

Division  :  Angiosperms 

Class   :  Monocotyledons 

Order   :  Graminales 

Family   :  Gramineae 

Tribe   :  Andropogoneae 

Sub tribe  :  Sorghastrae 

Genes & species :  Sorghum bicolor 

 

 OTHER SPECIES :  Sorghum almum 

     Sorghum arundinaceum 

     Sorghum halepense 

     Sorghum verticilliflorum 

     Sorghum roxburghi 

     Sorghum conspicum 

     Sorghum durra 

     Sorghum nervosum 

     Sorghum sudanense 

     Sorghum virgatum 

 CHROMOSOME NUMBER:  n=10, 2n=20 

     Euploids Sorghum almum – tetraploid 4n=40 

     (tetraploid) 

 ORIGIN: West African origin, Abyssinian centre of orgin 

 PRINCIPAL COUNTRIES: Africa, India, Burma, Pakistan 

 

I. DESCRIPTION: 

HABIT : Annual, it is a typical grass, often grown as single stemmed type. 

ROOT  : The root system is extensive and there are many root hairs. an 

embryonic or primary root develops upon germination, secondary 

roots Develop from first node. The cultivated sorghum are either 

nonrhizomatous or very weakly rhizomatous.   

CULMS : The culm or stem is made up of series of alternating nodes and 

internodes. Stem is slender to stout with varying length 0.5m-4m. The 

stem is solid with hard cortex and softer pith. the node appears as a 

ring at the base of leaf sheath. Buds or nodes form axillary tillers. 

LEAVES     : Leaves are born at different angles to the stem. The leaf blade may be 

straight or may slowly loop orer forming an arc. Leaves vary in 

length, top leaf is called flag leaf. In well development plant there are 



14-17 leaves. Leaves are borne alternately in two ranks along the stem 

and consist primarily of a sheath and ablate. This sheath is covered 

with waxy bloom. The blades are broad at the base and taper upward 

to a fine point and are glabrous, with smooth margin or scab rid type. 

Midrib prominent, greenish or white in colour, flattened or slightly 

concave on the upper surface and convex on the lower one. There is a 

short 1-3 mm. membranous ligules at the junction of the blade with 

the sheath. 

INFLORE SCENCE   :  

PANICLE   : Short and compact, loose or open, 4 to 25 cm or more in length & 2 to 

20 cm. or more in width. The central axis of the panicle. the rachis, 

may be hidden by the dense of panicle branches or completely 

exposed. Several branches are borne at each node & these or flexible, 

hairy or almost glabrous. The wild and weedy sorghum have a loose 

panicle with spreading branches. 

RACEME   : The raceme always consists of one or several spikelet’s one spikelet is 

always sessile and the others pedicellate, except, terminal sessile 

spikelet, which is accompanied by two pediceled spikelet’s. the 

racemes vary in length depending on nodes (1-4) & (5-8) and 

internodes vary in length, thickness, hairiness. on the pedicle 

spikelet’s, pedicels vary in length from 0.5 to 3.0 mm. 

SESSILE 

SPIKELETS     

: Lance late to ovate depress in middle. The colour is green at 

flowering, changing to cream, buff, yellow, red brown, purple at grain 

maturity, Glumes vary from quite hair to hairless, glumes are hard & 

tough. the seed may be enclosed by the glume or may protrude from 

the glume. 

There are two lemmas, The lemma is elliptic or oblong, upper lemma 

is shorter, more ovate may be waned. There are two lodicules & a 

pale. Sorghum has two pistils & three stamens. Each fluffy stigma is 

attached to a short stout style extending to the ovary. The anther are 

attached to long-thread like filaments. 

SEED  : Or caryopsis: more or less spherical in shape per carp colour-red 

brown, white, yellow, cream. The test may also be coloured-dared red 

to dark brown, The endosperm is usually white though it may be 

yellow due to carotenoid pigment. There are often two fairly distinct 

lines extending from the apex to base of the seed, The embryo mark 

(scutellum) varies in lenth from about one-half to two-third the lenth 

of grain & is elliptic, concave. The haulm is at base on side opposite 

to embroyo. Seed size varies from very small (less than 1 g per 100 

seed) to large (5 to 6g per 100 seed.) 

PEDICELED 

SPIKELETS    

: Pedicle spikelets are much narrower than sessile spikelets, usually 

lanceolate in shape: They may be smaller, the same size or longer than 

sessile spikelets. They are male or neuter in sex, but may have 

rudimentary ovary (rare). The lemmas are much reduced in size & 

only rarely does the upper lemma have an awn. 

 



 

 

III. POLLINATION MECHANISM: 

1. Self pollinated crop but follows often cross pollination 

2. Base material may be highly heterogeneous from collection or from segregating populations. 

3. Out crossing 1-10% varies upto 30-60% depends on head compactness (open headed grassy 

types being more prone to cross pollination.) 

4. For good-breeding stocks, head bagging becomes efficient 

 

IV. BREEDING OBJECTIVES: 

Some important objective are: 

1. High yield (fertilizer responsive) 

2. Wide environmental adaptiveness 

3. Disease & insect resistance  

4. Non-lodging 

5. Appropriate time to maturity 

6. Good threshability 

7. Height 1.25 to 2.0 meters 

8. large head size 

9. Good tillering 

10. Good seed set 

11. Good seed size & number 

12. Grain Quality-color, hardness, luster, taste, storability, dough properties etc. 

 

V. BREEDING METHODS: 

1. Introduction: Collection and evaluation of germplasm is a very important step. 

2. Pedegree selection: It is head-to-row process. Process is repeated until becomes uniform. 

3. Crossing in Sorghum: 

The Sorghum inflorescence usually begins to flower when the peduncle has completed 

elongation. The flowering commences generally from 10 pm to 8.30 AM. Sorghum is perfect 

flowered plant, thus effective crossing involves removal of anthers from the florets to be crossed 

before dehiscence. Following techniques are used. 

 

A. HAND EMASCULATION: Anthers are taken out before dehisced. 

B. TREATMENT WITH HOT WATER AND PLASTIC BAG TECHNIQUE: 

Hot water (42º) is poured into a plastic bag surrounding a sorghum head. The bag is made up 

of a plastic sleeve tied closely around the peduncle. Head is soaked for 10 minutes. The 

percent of sterilized floret varies. The plastic bag technique is effective because of high 

humidity created in plastic bag which prevents dehiscence of anthers. The floret open and 

anthers emerge but shed no pollen (these anthers can be knocked free of head by tapping); 



abundant pollen from a dry head is used for pollination. The plastic bag is placed on head 

about 4 PM after the heat of the day. pollination should be made as soon as all, or almost all, 

of the forest come to flower. Sorghum pollen live for 10-20 minutes only. 

VI. CROSSING BLOCK FOR MAKING HYVRID SEEDS: 

ON MALE STERILE FEMALE PARENTS: 

A,B, AND R, LINES: 

 HYBRID SORGHUMS: are produced by crossing a male crossing a male sterile seed 

parent by a male fertile pollinator parent. 

 MAINTAINER LINE: The male sterile seed is produced by crossing with a pollinator 

parent called maintainer. it is also called ‘B’ line. 

‘A’ LINE: The male sterile seed parent is called ‘A’ line when the ‘A’ line is crossed by its  

‘B’ line the seed produced will result ‘A’ line plants ie. The ‘B’ line in non-restoring on the 

‘A’ line. The A & B lines are isogenic (Phenotypically the same) except that A-line is male 

sterile and B line is male fertile. 

A-line x B-line>A line 

 

Hybrid seed is produced by crossing the A line by an R line Plants grown from the seeds 

produced by this cross are male fertile ie. the R line is restoring on A line. The R line is not 

phenotypically similar to A line; it is selected so that the cross will result in high yielding hybrid. 

 

A-line x R- line> male fertile hybrid. 

 

VII. SELECTION TECHNIQUES 

A number of systems have been used. Some breeding systems are described below. 

1- MASS SELECTION: 

If the traits of interest has a high heritability, system is effective in Sorghum. 

2- HALF-SIB-FAMILY SELECTION: 

It is a simple system to use in a Sorghum population in which genetic male sterility has been 

incorporated. 

3- FULL-SIB-FAMILY SELECTION: 

A full sib family can be formed by crossing a selected male fertile plant with a selected male 

sterile plant. 

4- RECURRENT SELECTION: 

Cyclic system of selection in composites is used here. 

5. RECIPROCAL RECULRRENT SELECTION; 

A breeding programme using reciprocal recurrent selection implies the existence of two 

populations, each serving to provide source material to advance  to advance the respective 

population and to serve as a tester for the other population. 

6. BREEDING FOR INSECT AND DISEASE RESISTANCE: 



Backcrossing is a good method of resistant gene transfer in a desirable agronomic 

background. 

 

7. MUTATION BREEDING: 

Physical and chemical mutagens are used to create new genetic variability for the traits. 

 

VIII. INSECT- PESTS OF SORGHUM: 

1. Shoot or stem Fly (Athergona soccata) 

2. Stem borer (Chilo parte IIus) 

3. Stem borer (Sesamia cretica) 

4. Head feeders: (Contarinia sorghicola) 

5. Head feeders: (Heliothis armigera) 

6. Head feeders: (Heliothis zea) 

 

IX. DEASESES OF SORGHUM: 

1. Charcoal rot caused by Macrophomina phaseolina 

2. Downy mildew caused by Sclerospora sorghi 

3. Leaf Blight caused by Helminthosporium turcicum 

4. Anthracnose caused by Colle/totrichum graminicola 

5. Head-Grey leaf spot caused by Ascochuta sorghina 

6. Head-Grey leaf spot caused by Cercospora sorghi 

7. Rust caused by Puccinia purpurea  

8. Grain mold caused by Fusarium spp. 

9. Ergot caused by Sphacelia sorghi 

10. Head smut caused by Sphacelothea reiliana 

 

X. EAR COMPACTNESS IN SORGHUM: 

Following scale is used. 

1=Very loose panicle, typical of wild sorghum type 

2E= Very loose erect primary branches type 

2D= Very loose dropping primary branches type 

3E=Loose erect primary branches type 

4E= Semi loose erect primary branches type 

5= Semi compact elliptic branches type 

6= Compact elliptic branches type  

7= Compact elliptic branches type 

8= Half broom corn type 

9= Broom corn type 

 

 



XI. FUTURE BREEDING AIMS 

1. Breeding multicut varieties in forage sorghum 

2. Breeding dual purpose sorghum varieties 

3. Breeding for resistance to disesase & insect pests 

4. Breeding for improvement in forage yield 

5. Breeding for improvement in grain yield & quality 

 

XII. GUIDE FOR SORGHUM CULTIVATION 

1. SOIL: Sorghum can be grown in all types in all types of soil. III. drained soils are not 

suitable. 

2. CLIMATE: Sorghum does not tolerate extreme cold temp. It can be grown upto an altitude of 

3800 above sealevel It can be grown in areas which receive rainfall less than 40. It is a 

drought tolerant crop and high rain fall is not favourable. 

3. SEASON: Moonsoon and summer. In some areas it is grown from Jan. to June. 

4. SEED PER HECTARE: 10 kg/ha; 4kg/ acre (Hybrid var). 

5. FERTILIZER: 100kg N/ha 

         75kg P2 O/ha 

         40 kg K2 O5/ha 

6. SOWING: Treat the seeds with recommended fungicides before sowing. 

  Sow the seeds 15’’ apart in row, at 4’’ distance from seed at a depth of 11/2’’. 

7. IRRIGATION: In Summer & winter months, irrigate the crop once in 8 days in light textured 

soil and once in 15 days in heavy textured soil depending upon moisture level & wheather 

conditions. 

8. PLANT PROTECTION SCHEDULE: Spray with recommended insecticides to kill the, pests 

time to time. 

9. EXPECTED YIELD: 50-60-75 q grain/ha 

         10-12 ton fodder/ha 

XIII. SORGHUM VARIETIES: 

HYBRIDS:CSH-1, CSH-4, CSH-5, CS 3541 x 2219 A, Kovilpatti, 35Ax148, CSH-6, CSH-9, 

CSH-11. 

 

VARIETIES: CSV-1, CSV-2, CSV-3, Swarna, CSV-4, CSV-6, CSV-11, Varsha  

FORAGE SORGHUM VARIETIES: PJ4K, PJ16K, CO12, CO18, CO20, K7,  Ujjain-6, Ujjain-

8, Gwalior-5, Gwalior-7, Gwalior-10, Jawahar chari 69, RS-1, RS-2, RC-9, RC-1, RC-2, PC-23, 

SV-23, SV-24, SV228, SV246, Kanke, JS-20, JS29, JS263, Meethi Sudan, SSSG59-3, Multicut, 

HCIT1, HC260, Multicut Punjab Sudax Chari 1. 

FORAGE SORGHUM VARIETIES FROM 

PANTNAGAR UNIVERSITY UP Chari 1, UP Chari2, Pant Chari 3, Pant Chari4 Pant Chari 5. 

 

 



 

LAB EXERCISE NO. 

Practical  study: 

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

2. Study infloresecence provided an 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 pests of the crop. 

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

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

 

 

 

 
 



 PEARLMILLET (Pennisetum glaucum L,) 

 SYSTEMATIC POSITION: 

DIVISION  : Angiospermae 

CLASS : Monocotyledonae 

ORDER : Graminales 

FAMILY : Gramineae 

TRIBE : Paniceae 

SUB-TRIBE : Panicinae 

Genus & species : Pennisetum glaucum, 

 ORIGIN: Pearlmillet was native to Africa, Ethiopia and Nigeria. 

 Wild progenitor: Pennisetum americanum subsp. Monodii 

 SECTION OF GENUS: 

1. Gymnothrix (ii) Eupennisetum (iii) Penicillaria (iv) Heterostachya (v) Brevivalvula. In India 

cultivated species P. typhoides belongs to the section Penicillaria 

 

SPECIES OF GENUS: Some of them are: 

(I) Pennisetum viz. P. glaucum, P. villosum, P. ruppelii, P. latifolium, P. alopecuroides, P. 

macrostachyum, P. cilliare, P. clandestinum, P. setosum and P. nervosum. 

 CHOROMOSOME NUMBER: Pennisetum  glaucum, is a diploid species possessing 2n= 14 

chromosomes. Accessory and B chromosomes are also present in pearlmillet. 

 DESCRIPTION 

 

HABIT: Annual erect, culms robust 

ROOT:  Adventitous 

CULMS: as much as 3m. tall, densely villous below the panicle. nodes slightly swollen, grooved, 

internodes more cylindrical and glabrous, internode length increase from the base of the culm 

upwards stem round to oval. 

LEAF: Leaf sheath completely encircles the stem, outer surface covered with rough hairs in 

hairy varieties or glabrous, ligule short. 

INFLORESCNCE: Terminal, panicle 15-60 cm. long, speciform, almost cylindrical, broadest at 

middle, slightly tapering towards both apex and base, peduncle thin, cylindrical, covered with 

more or less woolly hairs below the region of spikelets. 

RACHIS: Straight, cylindrical 8-9 mm, thick gradually tapers from base, solid covered with soft 

villi usually unbranched bearing numerous rachillae, rachillae spirally arranged, covered with 

short hairs, short at apex of panicle and arranged densest at about middle portion, each rachilla 

bears involucres of bristles and spikelets, bristles 30-40, outer whorl shorter, occasionally 1 or 2 

bristles markedly longer, thicker and rigid than others, inner bristles plumose, while all other 

scabrid. 



SPIKELET: 2-5 per rachilla, small, lanceolate, sharply acute, each spikelet with 2 sterile glumes 

and 2 florets, the upper hermaphrodite, lower usually male, glume I minute or negligible, 

orbicular glume, cuspidate, paleate, paleate,  palea membranous, staminate, lodicules absent. 

ANDROECIUM: Stamens 3, with characteristic pedicillate anthers, anthers bearded at the apex, 

LEMMA: lemma 2 as long as spikelet, broadly oblong or ovate, paleate, palea 2 little tougher 

than plea 1, & Palea bisexual with broad lamina 

PALEA:  palea 1, bisexual with broad lamina 

GYNOECIUM: Ovary with single ovules, 2 styles terminating into brush like stigmas, 

gynoecium protogynous, green-gray, rarely yellow. 

SEED: Caryopsis, obovoid, 3-4 mm. long and 2 to 2.25 mm. wide, usually yellowish grey or 

steel gray, in some varieties pearly white or yellow grains. 

 

 FLORAL BIOLOGY AND POLLINATION: 

Compete emergence of panicle takes 70 to 130 hours. The stylar branches protrude first from the 

florets  at the tip of head and gradually proceed downwards. 

Anthesis in pearlmillet is accomplished in 2 phases. Anthers in the sessile male florets emerge 2-

3 days after the anthers have emerged in the bisexual florets. Complete emergence of anthers 

take 30-50 hours. Most of the heads continue to shed pollen for a period of 4-6 days. 

Pearlmillet is highly cross-pollinated. Species. Protogyny favour complete cross-pollination. 

However, self pollination may occur on late tillers. Pearlmillet heads are enclosed in a paper bag 

in order to ensure self-pollination. the bagging is done at the stage when most part of the head is 

still I boot. Mature caryopsis can be harvested 3-4 weeks after anthesis. 

 

 BREEDING OBJECTIVES: 

Objectives should be such as to make this crop remunerative under the prevalent constraints. 

some of them are: 

1. Yield  

2. Earliness 

3. Synchrony 

4. Bristling 

5. Lodging resistance 

6. Deases and Insect pest resistance 

7. Drought resistance 

8. Quality 

 

 BREEDING APPROACHES: 

1. INTRODUCTION: 

Selection from the introduced material may be released as varieties are rechannelized in 

breeding programmes. 

2. POPULATION IMPROVEMENT:  



Population of diverse nature form the basis of composite, synthetic and hybrid breeding in 

pearlmillet. Recurrent selection has long been practised in India. 

3. INTRA-POPULATION IMPROVEMENT: 

The major objective of the intra-population improvement is to improve the per se 

performance of promising population in respect of different characteristics. The following 

methods of recurrent selection are used. 

A. MASS SELECTION 

B. FULL-SIB FAMILY SELECTION 

C. FULL-FAMILY SELECTION 

D. S2 PROGENY SELECTION 

E. COMBINED SELCTION 

F. RECURRENT RESTRICTED PHENOTYPIC SELECTION 

G. HALF- SIB-SO PLANT SELECTION 

4. INTER-POPULATION IMPROVEMENT: 

Different selection procedures, which are designed to improve the cross between 2 

populations are called ‘Reciprocal Recurrent selection’ 

 

 HETEROSIS BREEDING: 

Heterosis results from gene dispersion, directional dominance and non-allelic interactions. 

Heterosis is computed as, deviation of the E1 from the higher parent which is sometimes 

referred to as heterobeltiosis. The exploitation of heterosis by breeding hybrid varieties offers 

a considerable scope for the improvement of pearlmillet crop. 

 TYPES OF HYBRID: 

A. EARLY HYBRID (CHANCE HYBRIDS) 

B. HYBRID BASED ON MALE STERILITY 

C. HYBRID BASED ON CYTOPLASMIC MALE STERILITY 

D. DOWNY MILDEW RESISTANT HYBRIDS 

 PROCEDURE FOR THE PRODUCTION OF HYBRID PEARLMILLET: 

I. Maintenance of the male sterile lines 

II. Maintenance of restorer lines 

III. Production of Hybrid seeds. 

 IMPROVEMENT SCHEMES FOR MALE STERILE RESTORERS AND VARIETIES: 

Keeping in view pollination system some are: 

I. MASS SELECTION 

II. SINGLE PLANT SELECTION & LINE BREEDING 

III. PURE-LINE SELECTION 

IV. PEDIGREE SELECTION 

V. BACKCROSS BREEDING 

 

 PRODUCTION OF HYBRID SEED: 



I. Maintenance of main sterile Lines: 

The male sterility in pearlmillet is due to cytoplasmic genetic factors. It is maintained 

by crossing male sterile line (Line A ) with a male fertile, non-pollen restoring. 

Maintainer (Line B) in an isolated plot. This B line is a sister stain of Line A and is 

essentially similar to line A in genetic constitution except that it carries fertile pollen. 

in a crossing field the usual planting ratio of line A and B is 4:2. In addition, 4-8 

border rows are planted with line B around the filed. The seed harvested from line A 

would be male sterile and is used for hybrid seed production. 

II. Maintenance of Maintainer: The seed of maintainer line is produced by sowing B line 

is isolated plots. 

III. Maintenance of Restorer Line: The seed of restorer line (Line R) is produced by 

multiplying the seed in isolation. 

IV. Hybrid Seed of Pearlmillet: The hybrid seed is produced by crossing male sterile line 

(Line A ) with a specific restorer line (Line R)in an isolated plot. The 2:6 proportion 

of male rows (Line R) and female rows (Line A) is followed. The seed harvested 

from female rows is hybrid seed. 

 

VII. DEASES OF PEARLMILLET: 

1. DOWNY MILDLEW-Sclerospora graminicola (Sacc) Scjrpet 

2. ERGOT- Claviceps fusiformis 

3. SMUT-Tolyposporium penicillariae 

4. RUST- Puccinia penniseti Zimm. 

5. EAR BLIGHT- Curvularia penniseti(mitra) Boed,. 

 

VIII. INSECT PESTS OF PEARLMILLET: 

1. WHITE GRUBS- Holotrichia reynaudi 

2. SHOOT FLY- Atherigena approximate malloch 

3. STEM-BORER- Acigona ignefusalis Hmss. 

4. HAIRY CATERPILLERS- Amsacta moorei 

5. SUGARCANE LEAF HOPPER- Pyrilla perpusilla 

6. MUSTARD PAINTED BUG-Bagrada cruciferarum kirk etc. 

 

IX. CHARACTERS OF IMPORTANCE: 

1. GRAIN YIELD 

2. PLANT HEIGHT 

3. TILLER NUMBER 

4. MATURITY 

5. EAR LENGTH 

6. GRAIN WEIGHT 

7. NO. OF GRAINS  



8. GRAIN HARDNESS 

9. EAR GIRTH 

10. DRY FODDER WEIGHT 

11. GREEN FODDER YIELD 

12.  QUALITY GRAIN 

13. DROUGHT RESISTANCE 

14. LODGING RESISTANCE 

15. WATER LOGGING RESISTANCE 

 

X. GUIDE FOR BAJRA CULTIVATION 

1. SOIL: IT can be grown in all type of soils. Light rich soils are best suited. 

2. CLIMATE: It is tropical and sub-tropical crop. Preferded dry weather. It is drought 

tolerant. 

3. SEASON:  Summer Crop-January 

  Monsoon crop-Middle of June to Middle of July 

4. SEED RATE:  5k/ha ; 2kg/acre 

5. FERTILIZER:  Nitrogen 100kg/ha 

   Phosphorus 75 kg/ha 

   Potash 25 kg/ha 

6. SOWING: Sow the seed in rows, 18’’ apart, Thinout and retain only one seedling at 4-6’’ 

apart, 3 weeks after sowing. Irrigate once in 10 days in case of sandy loams and once in 

20 days in heavy soils. depending upon weather conditions. 

7. PLANT PROTECTION SCHEDULE: Spray the crop with recommended fungicide & 

insecticides only. 

8. EXPECTED YIELD: 30-50 q/ha 

 

XI. VARIETIES: 

A. HYBRID GROUPS: Hybrid Bajra-1, Hybrid Bajra-2, Hybrid bajra-3, Hybrid Bajra-4, 

Hybrid Bajra-5, PHB-10, PHB-14, BJ 104, BK 560-230, BD-111, CJ 104, BD 763, CM46, 

MBH110, HHB45, Co-4, MH179 

B. COMPOSITES: PHB8, HS-1, M.P., VIJAY, NAGARJUNA, BALAJI, CISAKHA, 

PCB138<PCB141. 

C. OPEN PLLINATED VARIETIES:CO6, DC3, PSB-8, WCC-75, HC-4, ICMS7703, RCB-

2. 

 

 

 

 

 

 



 

LAB EXERCISE NO 

Practical Study 

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

2. Study inflorescence provided and hybridlization 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 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.  



COWPEA (Vigna Unguiculata) 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIVISION : Angiospermae 
CLASS : Dicotyledonae 
SUB-CLASS : Polypetalae 
SERIES : Calyciflorae 
ORDER : Rosales 
FAMILY : Leguminosae 
SUB-FAMILY : Fabaceae 
TRIBE : Phaseoleae 
SUB TRIBE : Euphaseolae 
GENUS & SPECIES: : Vigna Unguiculata 

 

 SUB SPECIES: 

 CULTIVATED:  Vigna unguiculata 

   Vigna cylindrical 

   Vigna sesquipedalis 

WILD:  Vigna dekindtiana 

   Vigna mensensis 

 ORIGIN: All evidence points to its originating in central Africa 

 ChROMOSOME NUMBER : Vigna unguiculata is 2n=2x=22 

 

II. DESCRIPTION : Annual twinning herb 

STEM: SlIighty ridged, almost glabrous 

LEAVES: Alternate, stipulate, foliaceous, petiolate, pulvinate, pinnately trifoliate 

LEAFLETS: Stipellate, ovate-rhombiod, entire, both surfaces with scattered short hairs, sub-

coriaceous, palmately reticulate, lateral leaflets oblioque, 

INFLORESCENCE: Axillary raceme with flowers congested at the top of the nodes peduncle, 

flowers showy. 

CALYX: sepals five, gamosepalous, valvate aestivation 

COROLLA: Papilionaceous, petals five, polypetalous, descendingly imbricate, 

STAMENS: Ten, diadelphous (9+1), filaments alternately long and short, anthers uniform, 

dithecous, introrse, dorsifixed. 



 

GYNOECIUM: Ovary superior, monocarpellary, unilocular with many ovules on marginal 

placentation, style terminal, sigma capitate, oblique (lateral) 

FRUIT: A legume cylindrical. 

SEED: Non-endospermous, reniform or globular 

III. ANTHESIS AND POLLINATION: Cowpea exhibits a cycle of flowering consisting of twenty 

three days. The plants come to flower about a month after sowing. A flowering period followed 

by a non-flowering period to be succeeded in turn by a second and even a third flowering period. 

It takes 11-15 days for the flower initially to develop and bloom. Owing to early dehiscence of 

anthers, before the opening of flowers, there is greater tendency for self-pollination, though a 

high percentage of crop-pollination is also observed. 

 

 TECHNIQUES OF HYBRIDIZATION: 

Since the dehiscence of anthers is much in advance of the blooming, the emasculation needs to 

be carried out in mature flower buds in the preceding a evening.  

 

 METHOD OF EMASCULATION: 

Hold the bud between the thumb and the fore-finger with the keeled side upper most; then run a 

needle along the ridge where the two edge of the standard unite. Bring down one side of the 

standard, securing it in position with the thumb then do the same with one of the wings, which 

will leave the keel exposed. This must be slit on the exposed side, about 1/16 inch from the 

stigma, which can be seen through the tissue of the keel. Bring down the section of the keel and 

secure it under the end of thumb. This will expose 10 immature stamens. With a pair of fine 

pointed forceps seize the filaments of the stamens and pull them out. Next detach a leaflet from 

the plant fold it once, place it over, place it over the emasculated flower bud & secure it in 

position with a pin. Pollination is done on next morning from a protected freshly opened flower. 

 

IV. BREEDING OBJECTIVES: 

Board breeding objectives are: 

1. Seed yield enhancement 

2. Efficient nitrogen fixation system 

3. Persistence in yield of pasture, inspite of com. From associated grasses and periods of 

climate stress. 

4. Early maturity and uniform with a high feeding value throughout the season. 

5. Plants must have ability to increase dry and protein with super phosphate application 

6. Tolerance to stress factors viz. frost, drought waterlogged condition, saline condition 

7. Tolerance to variable range of soil 

8. Disease and insect resistance. 



9. Improved quality in relation to high food high protein content, and freedom from undesirable 

toxic compounds. 

 

V. BREEDING METHODS: 

Normally self pollinated in dry areas but cross pollination occurs proportional to atmospheric 

humidity. Breeding procedure self pollinated crops are used here. The initial steps are: 

 

1. INTRODUCTION: 

Collection fo germplasm with a wide range of genetic variability. It is used as a direct or 

indirect potential in improvement fo cowpea. 

 

2. SELECTION: 

Selection is done to sort out individual genetic entities from a heterogeneous mixture. Two 

types of procedures are used. 

 

A. Mass selection 

B. Pure line selection 

 

3. Hybridization: 

Hybridization is used to combine the desirable characteristics of two more lines into one 

strain,. Following type of crosses are made. 

 

1. Intervarietal crosses 

2. Interspecific crosses 

3. Multiple crosses 

4. Back crosses 

 

4. HANDLING OF SEGREGATING GENERATIONS: 

Following selection procedures are followed in cowpea. 

A. Pedigree selection 

B. Bulk pedigree selection 

C. Single seed descent method with selective intermating in early generations. 

 

5. MUTATION BREEDING: 

Mutation breeding is directed toward increasing the range of genetic variability by mutation 

induction with irradiation or chemical mutagens. 

 

IV. GUIDE FOR COWPEA CULTIVATION 

SOIL: Cowpea can be grown in all type fo soils. Red, black clayey and sandy soils are also 

suitable. 



CLIMATE: this crop tolerates water-logging conditions. Varieties which are suitable to a 

particular area should be grown in grown in those areas only. 

 

SEASON: Kharif: June to July and August to September 

  Summer: February to March 

 

SEED RATE: 25-30 kg/ha 

FERTILIZER: DAP @ 100 kg/ha 

SOWING: Keep 45 cm x 5-10 cm. row & plant to plant distance keep the land free of weeds.  

PLANT PROTECTION SCHEDULE: Spray the crop with recommended insecticides, 

whenever, pests are noticed in the field. 

EXPECTED YIELD: 140-150 q/ha green fodder yield 

10-12 q/ha from a pure crop (grain) 

 

PERIOD OF AVAILABILITY FO FODDER: April-September 

 

VII. FODDER VARIETIES: K397, F.O.S.I.,Sira-10, ec4216, Russian giant, C-322, Cowpea 88. 

FODDER VARIETIES FROM PANTNAGAR: UPC5286, UPC5287, UPC 4200, UPC 8705. 

 

GRAIN COWPEA VARIETIES: RC19, Amba, V240, C152, GC 82-7, RCB-2, S-488, GC-1, 

GC-2, FS 68, Pusa Phalguni, Gwalior K-11, PLS-7,V-16, V-37, V-38, RS14, Cowpea.88 

 

 

 

 

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. 
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Red gram or Pigeon pea (Arhar) 
Cajanus cajan Mill sp (Syn. C. Indicus) 2n = 22 

 

Pigeon pea or Arhar or Red gram is an important pulse crop next to chickpea in 

India, The major countries growing red gram are India, Uganda, Kenya, West Indies, Puerto 

Rico, Nigeria, Dominican Republic in Burmas. It is grown in all the tropical and sub 

tropical countries including Africa, West Indies and Asia. They have cultivated for over 

3000 years. It is tolerant to drought.  In addition to the use of their seed as a food crop, the 

woody stem of the plant are valuable as fire wood and fencing and thatch. It is good source 

of protein, thiamin, magnesium, phosphorus, potassium, copper, folate & mangase.  

In India area, production & productivity around about 3.6 mha, 2.75 mt, and 800 

kg/ha, respectively. In India it is mostly cultivated in Maharashtra, UP, MP, AP, Karnataka, 

Bihar, Gujrat and UK which is contributed around 85%.  

Origin: According to the Gandolle origin of pigeon pea upper nile region and according 

Vavilov Western Ghat & Malabar Hills of India & they are also belived to have originated 

in Asia. Some scientists believe Indian origin and other believe in the Middle East, presence 

of wild relative and large diversity of the gene pool (Vander Maesen, 1990). Based on 

archaeological evidences and occurrence of wild species Rachie and Roberts, 1974 favour 

origin of pigeon pea in African region.  Austrialia with 15 wild species of which 13 are 

endemics is also centre of diversity.  

It has also found both wild and cultivated stage in Angola and Nile. In Madagascar 

cultivated very early time and the Egyptian tombs seeds of this crop found and few scientist 

including Vavilov, India is a native home, but never found in wild state.  

Progenitor: Cajanus kerstingii  

Pigeon pea evolved as a crop from at least one wild progenitor through a process 

called domestication. The wild progenitor to be a tall bushy like C. cajanifolius (Vander 

Maesen 1990) 

Systematic position:  

Kingdom : Plant kingdom  
Division : Angiospermae  
Class  : Dicotyledonae   
Sub class : Poly petalae  
Series  : Calyciflorae 

Order  : Rosales 
Family : Leguminosae  
Sub family : Papilionoidae  
Tribe  : Paseolele 
Genus /sp : Cajanus cajan & mill sp  

 

Botany: Annual / biennial / perennial, erect and branching tall up to 4 m or so, often found 

in Africa or in Eastern and North-Eastern India. The cultivated red gram is almost grown as 

annual crop.   
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Root: It has deep, strong, woody tap root system with well developed lateral roots. The 

roots are nodulated with rhizobia of the cow pea group. Nodulation started 30 DAS to 120 

days, In tall species root developed more than spreading type species.   

Stem: The stems are ribbed, up to 15 cm diameter, woody and strength branched, show 

enormous secondary growth. Plant height is influenced by maturity, photoperiod and 

environment condition.  

Leaves: The leves are arrange in a 25 types of spiril phylotoxia. The first leaves are simple, 

apposite and caducous. Sub sequent leaves are compound, pinnately trifoliate. Stipules 

small, central leaflet longer than lateral one. Lamina hairy with under surface grayish due to 

dense hairs along with hairs there are yellow glands which are prominent.  

Growth habit: On the basis of flowering two habits viz. determinate and indeterminate are 

recognized.  

1. Determinate: The apical bud of the main shoots developed in to flowers and flower 

occur more or less in the same plane.  

2. Indeterminate: Flowering duration longer & flower occur in ancillary racemes 

spread over considerable length of stem.  

Inflorescences: Are terminal or axillary racemes carried on long peduncle, flower are 

clustered at the top of the peduncle and are yellow or yellow with purple vain or diffused 

red. Flowers are papilioneous, bracteates, bracteolate.   

The calyx tube is companulate with numbers rows graduals hairs, bulbous bases with 

five lobs.  

The corolla with the keel petels free, highly zygomorphic. It include one standard 

petal, two wing petals and two keel petals.  

Stames: Diadelpus (9+1) and dimorphism, four short filaments and six long (Posterior)   

Ovary: It is superior, sub sessile, densely pubescent and grandular with 2-9 ovules, style 

long, filiform and glabrous.   

Seed: May oval, round or lens shape. Colour silver, white, creem, orange, brown, red, gray, 

gray purple, dark purple and black. Cotyledon are yellow colour.  

Pod: Pod differs in shape and size, colour, texture and pubescence. Pod may be banded or 

flattish.  
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Difference between Arhar and Toor  

Description Arhar Toor 
Species  Cajanus cajan var. bicolour  Cajanus cajan var. flabus  
Plant height  Tall and bushy, (4 m) stature Short, erect stature,  
Pod shape and 
colour  

Banded type,  4-5 seed/pod, long pod, 
dark green in colour  

Flattish, small pod, 2-3 
seed/pod 

Maturity  Late in maturity  Early in maturity  
Flower  Yellow with purple strip (vain)  Yellow  
Region  Recommended north & eastern state  Central and south India  

 

Taxonomy and species: The genus Cajanus has 32 species including some earlier species 

recognized as Atylosia species (Vander Maesen 1990) classified species in three groups.   

1. Asian species: Include 18 species some of them are  

1. Cajanus cajan 2. C. trinevius 3. C. lietus    4. C. sericeus  

5. C. platycarpus 6. C. volubilis 7. C.scarabaeoides   8. C. albicans 

9. C. elongatus  

2. African species : 1. Cajanns kerstingii  

 3. Australian species: Include 15 species some of them are  

1.C. lanceolatus   2. C. confertiflorus  3. C. viscidus  

4. C.aromaticus  5. C.reticulatus   6. C.marmoratus etc.  

Chromosome No. :  C. cajan  n=11,     2n = 22 

          C. kerstingii  n=16,   2n=32 

Cytology 

The diploid chromosome no in red gram is 2n=2x =22 and wild relative also 

generally have 2n = 2x=22. Spontaneous polyploidy is rare in pigeon pea but, colchiicine 

treatment obtainel polyploids.  Some somatic chromosome are very small (1.35 μ to 2.7 μ) 

and total length of chromosome 75.4 μ.   

Lavania & Lavania (1982) applied c-banding method in red gram chromosome. 

They reported 7 chromosome having centromeric bands, 3 having telomeric band  on the 

short arm only while 1 having telomeric band on both arm.  

Interspecific Hybridization  

Dundas (1990) has given a detailed list of wild species which have been 

successfully crossed with pigeonpea.  

The wild Cajanus sp used most frequent in hybridization C.lineatus (=A lineata), 

C.sericeus, (=A.sericea), C.carabaeoides, var. scarabaeuided (=A scarabaevide) 
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Crossing more successful when pigeon pea used as female some reciprocal crosses also 

achieved. Application of gibberellic acid or kinetin increase pod and seed setting after 

inter specific hybridization.  

Qualitative Genetics 

Saxena & Sharma (1990) have reviewed the information of quality genetics as follows: 

1. Leaflet shape: Lanceolate / round (3:1); Llt= lanceolate; lltr = round; llt= obcordate.  

2. Stem Colour: Pst (purple); pst (green), psta, pstb & pstc three gene colour)  

3. Flower colour: Yfl (yellow), yfl (white)  

4. Male sterility: ms1 & ms2 

5. Pod colour:  (1) Maroon bloteched vs light tinted (3:1 ratio)  

 (2) Streaked pod vs green pod – a single gene 

 (3) Dark: maroon blotched: green (9:3:4) 

 (4) Blotched vs green (Gppd1 / gppd2) 

6. Seed colour: (1) Purple black: white with purples pot: brown: white (9:3:3:1) 

        (2) Brown seed vs white (9:7) Brsd / brsd 

7. Wilt: Govern by multifactor, two complementary gene or single dominant  gene  

8. Sterility mosaic virus: Sv1 Sv2 Sv3, Sv4 = resistant  

9. Phytophthora: Pd1/pl1 (R/s) 

10. Aternaria blight: abr1 or al1 / Abr1 or Al1 (R/s) 

11. Growth habit:  Indeterminate > determinate  

    Semi determinate > determinate  

    Normal erect > prostrate govern by one gene  

Complicated inheritance influenced by basic gene, inhibitory gene action and 

modifiers  

Crossing technique 

The pigeon pea flowers are cleistogamaus, self pollination, however, considerable 

out crossing take place (.15 to 7%). The stigma & another mature same time. Anthesis of 

the flower continue throughout the day (6 am -4pm). The maximum flower open between 9 

am to 1 pm. The natural crossing extent upto 6.5%. The receptivity continue after 20 hrs of 

anthesis.  

The stigma receptive in bud stage, usually 1-2 days before flower open. Immediately 

after emasculation pollination done. Application of growth hormones beneficial for 

increasing pod setting after crossing (Singh et al 1978). Gibberellic acid or kinetine 

increasing pod and seed setting.  
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Breeding objective:  

1. High yield  

2. Maturity : Early (110 -140 days), Medium (140-160 days), late (250-280 days)  

3. Resistant to diseases:  

1. Fussarium wilt (Fusarium udum)  

2. Stem blight or phytophthorea blight  

3. Sterility mosaic virus  

4. Phytophthora blight  

4. Resistant to insect:  

1. Pod borer (Heliothis armigera)  

2. Pod fly (Melarigromyza obtusa)  

5. Synchronous maturity 

6. Grain quality improvement  

 

Breeding method 

1. Introduction: Adoption photoperiod  

2. Selection :  

3. Hybridazation: (Pedigree / bulk/ SSD ) 

4. Mutation breeding: Pawar et al (1984) developed a mutant (T6) from irradiation of 

T21 with gama rays. T6 has released due to larger seed & high yield.  

5. Heterosis breeding: Reddy et al (1978). The discovery of Genetics male sterility 

(GMS) and reported natural crossing up to 70% have helped producing hybrid on 

commercial scale. The details of hybrid seed production in pigeon pea using. GMS is 

given by Saxena and Ariyanayagam (1991).  

Genetics of male sterility msms x MsMs  

   

F1   MsMs   (all fertile) 

 

F2 25% Male sterile and 75% Fertile (1:2:1) msms seed set on msms  

  

F3 33% male sterile 2Msms 5:1 msms seed set on msms  

 

F4 50% male sterile    1 Msms : 1 msms 

Selfing  
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Now onward seed set on msms will always segregate upto 1:1 (fertile / sterile)   

Male sterile plant are identified by translucent anthers (white) remove 50% normal fertile 

plant from female row 

Hybrid seed production  

Carried out in isolation (300-400m), row open in 60 cm apart.. The first row and 

subsequently 7th row planted with pollinator parent and between pollinator 6 rows are 

planted with seed set parent line (msms). In maintenance block (msms x Msms) 1:1 ratio 

fertile plant rouge out.  

1 2 3 4 5 6 7 8 

M 

 

F F F F F F M 

 

Breeding for disease resistance  

The sick plot technique is adopted for fussariun wilt. The screening technique for this 

disease involves.  

1. Multiplication inoculums in the laboratory  

2. Stem base inoculums of one month old plant (repeated after one month)  

3. Flood irrigation of the plot (repeated one month)  

4. Row of susceptible cultivar planted at regular interval.  

Tissue culture  

1. Raise plant from callus  

2. Rescue immature embryos  

3. Produce haploid  

International Centre  

The International Crops Research Institute for the Semi Arid Tropics (ICRISAT), 

Patanchenu, Hyderabad (Inidia) establish by the CGIAR in 1972. There are more than 

16000 pigeon pea germplasm accessions in the gene bank, generating basic information on 

physiology, anatomy, genetics etc. and developed disease and insect resistant cultivars viz. 

ICP 8863 (Maruti), ICPL 157 (Jagriti) and produced first hybrid (ICPH8) for 

commercial cultivation (Prbhat (MS) x ICPL 161)= ICPH8 (hybrid)  

National programme:  ICAR initiated the pulse improvement programme in 1967-68, in 

collaboration with USDA and begging of AICPIP in association with ICAR and SAU, 



7 
 

upgraded to project directorate 1977 and Directorate of pulses research (DPR) in 1984, 

Kanpur (Now known as Indian Institute of Pulses Research) 

Hybrid pigeon pea  

ICRISAT scientist have bread ICPH 8, the first hybrid in pigeon pea, which was, 

notified by Government of India in 1991. For commercial production use genetic males 

sterility discovered among 5000 germplasm maintained at ICRISAT.  

Among them ICPH 8 identified and tested in 100 trial in different agro climatic zone 

of India. ICPH 8 (Prabhat (MS) x ICPL 161) is early maturity, resistant to fussariun and 

sterility mosaic virus, yield 30-40% more. It is indeterminate growth habit, profuse primary 

and secondary branches, mature 140 days, tolerant to drought and high moisture. It is 

suitable for Maharastra and Gujrat.  

Future prospects: 

The discovery of genetic male sterility coupled with often out crossing nature has made 

commercial exploitation of Heterosis in pigeon pea. More converted efforts will be 

required.   

1. To transfer genetic male sterility to different genetic background 

2. To search cytoplasmic genetic male sterility  

3. To breed extra early cultivar 

4. Improve harvest index and growth rate 

5. To incorporate salinity tolerance  

6. Plant ideotype, that would be short duration 

Photoperiod insensitivity, short statured & determinate growth habit with an 

increased harvest index and faster growth.  

Source:  

1. Resistant to wilt and SMV: ICP 7198, 8024, PR 5149, ICPL 83-227  

2. Wilt, SMV & phytophthora: ICP 11302, 11303, 11304   

3. Wilt, StMV, Alternaria leaf blight:  ICP 8861, 8862, Bahar  

4. Rust, leaf spot: ICP 64-16A  

5. Insect tolerance cultivar : ICP 8863 (Monete), ICPL 87 (Pargati)  

6. Varieties for different durations: 

• EARLY MATURITY GROUPS:  

UPAS 120, T-21, Prabhat, Manak, Pusa 84, Pusa 33, Pusa 855, ICPL 151, ICL 87, 

Sagar, H 82-1, AL 201. 

• MEDIUM MATURITY GROUP;  

Asha (Icpl 87119), Visakha Ja-4, Ja-3, Bdn-2, Tat 10, Hy3c, Gwalior 3, Pusa 74, 
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• LATE MATURITY GROUP:  

Bahar, Basant, Icpl 332, C11, Narendra Arhar-1, Amar, Sharad. 

• HYBRID VARIETIES: ICPH-8, PPH-4, COPH-1, COPH-2, AKPH 4102 

• VARIETY FROM PANTNAGAR: 

 UPAS 120. Pant Arhar 291, PA-3, PA-6 



MUNGEAN-Green Gram (Vigna radiata) 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIVISION : Angiospermae 
CLASS : Dicotyledonae 
SUB-CLASS : Polypetalae 
SERIES : Calyciflorae 
ORDER : Rosales 
FAMILY : Leguminosae 
SUB-FAMILY : Papilionatae 
TRIBE : Phaseoleae 
GENUS & SPECIES: 
 

: Vigna radiata 

 ORIGIN: Native to the northeastern India-Burma region of Asia Nilevalley 

 SUBSPECIES: Three subspecies of Vigna radiata 

Var radiata (for mungbean) 

Var sublobata (Roxb verdc-wild form form of mung 

Var glabra (Roxb.) verdc. 

 

 CHROMOSOME NUMBER: 2n=2x=22 

 

 INTERSPECIFIC HYBRIDIZATION: Interspecific hybridization is useful in dnhancing 

genes of mungbean. Following types of  crosses are made by breeders. 

1. Vigna radiata x Vigna mungo 

2. Vigna radiata x Vigna umbellate 

3. Vigna radiata x Vigna angularis 

4. Vigna radiata x Vigna trilobata 

5. Vigna radiata x Tetraploid vigna glabrescens 

6. Vigna radiata x vigna radiata var. sublobata 

 

II. DESCRIPTION: 

HABIT: An Annual, semierect to erect or sometimes twining herb 

ROOT: Deep rooted, nodulated tap root, nodules containing nitrogen fixing bacteria 

STEM: 25-100 cm tall, stems are branching from base and covered with short fine brownish 

hairs. 

Leaves: The leaves are alternate and trifoliate, or sometimes with five leaflets. 

LEAFLETS: Leaflets are medium to dark green, broadly ovate, sometimes lobed, rounded 

at the base and pointed at the apex, 5 to 12 cm long and 2-10 cm wide. 

INFLORESENCE:  10 to 25 flowers are borne in axillary clusters or racemes. 



 

FLOWERS: Flower are  greenish to bright yellow with a gray tinged keel, 1 to 1.75 cm in 

diameter, bracteate, Pedicellate, hermaphrodite, hermaphrodite, complete, zygomorphic, 

hypogynous 

CALYX: Bracts re ovate to oblong, sepals 5, connate at the base, valvate aestivation 

COROLLA: Petals 5, Polypetalous, Papilionaceous, descending imbricate. Aestivation, one 

posterior long standard, two lateral short wings, two anterior petals joined to each other 

forming keel. 

 

ANDROECIUM: 10 stamens, diadelphous, 9 fused with each on anterior side, one free on 

posterior side, anther lobes bilocular, dorsifixed, introrse. 

GYNOECIUM: Monocarpellary, unilocular, marginal placentaton, ovary superior. 

FRUIT: Fruit is a pod, cylindrical, straight to strong uc. Curved, pointed at the tip and radiate 

horizontally in whorls. When mature, the pods are glabrous or have short hairs brown to 

black, 5 to 14 cm long and 4 to 6 mm side, and may burst open when dry shattering the 

seeds. 

SEED: Seeds, borne 8-20 per pod, are globose, glossy or dull, with green, yellow, brown, 

black or mottled testa. Dull seeds are coated with a layer of the pod inner membrane which 

may be translucid or pigmented and which covers a shiny testa. The testa is reticulated with 

numerous fine wavy ridges and cross walls. Seeds vary in weight 15 to 85 milligrams, 

generally averaging 25 to 30 thousand seeds per kilogram. The hilum is round, flat (non 

concave) and white. Seed germination is epigeal. 

III. POLLINATION:  Flowers are self fertile and highly self pollinated flowering is determinate 

and may continue over a period of sever4al weeks. Pods mature about 20 days after 

flowering. 

 

IV. MORPHOLOGICAL DISTINCTION: 

1. Pods spreading or reflexed 

2. Seeds of Mungbean are marked by many five wavy ridges, which may be prominent to faint, 

but always present. 

3. Mungbean pods have short hairs. 

4. Seeds nearly globular and hilum non concave. 

5. Mungbean has four pairs long and seven pairs medium length chromosomes.  

6. chemotaxonomic evidence show that seeds have free dipeptide Y-glutamyl-S-methylcy 

steine and its sulfoxide 

 

V. BREEDING OBJECTIVES: 

The objectives of the breeding programme determine the characteristics of new cultivars 

emerging from it. Broad breeding objective are: 

1. SEED YIELD ENHANCEMENT: 



Breeding for improved seed yield involves (A) concentration of combinations of genes for 

genetic potential to produce high seed yields. (B) Incorporation of genes for tolerance to stress 

condition into genotypes with high yield potential. 

 

2. IDEAL PLANT TYPE APROACH: 

Aim of reconstructing plant type with more compact type with high harvest index, reduced 

photoperiod sensitivity, determinate growth habit. 

 

3. EARLY MATURITY AND UNIFORM MATURITY: 

Early maturity has been referred to in relation to plant type and for utilization of mungbean 

as a short duration crop in multiple Cropping systems. Thus, genotypes with low photoperiod 

sensitivity are required. 

 

4. TOLERANCE AND INSECT RESISTANCE: 

Drought tolerance, water logged condition tolerance, saline tolerance are required to be 

induced in new cultivars. 

 

5. DISEASE AND INSECT RESISTANCE: 

Breeding for resistance is an economical and practical method of reducing cost of cultivation 

 

6. QUALITIY:  

Quality seed which brings the highest price in the market, Nutritional properties & cooking 

characteristics are to be improved in new cultivars. The aim for increasing total protein as 

well as yield is of prime importance. 

 

VI. BREEDING PROCEDURES IN MUNGBEAN: 

Breeding procedures of self pollinated crops are used here. The initial steps are: 

 

1. INTRODUCTION: 

Collection of germplasm with a wide ranges of genetic variability. Is tis used as a direct or 

indirect potential material in improvement of mungbean. 

 

2. SELECTION:  

Selection is done to sort out individual genetic entities from a heterogeneous mixture. Two 

types of procedures are used. 

A. MASS SELECTION: 

B. PURE LINE SELECTION: 

3. HYBRIDIZATION: 

Hybridization is used to combine the desirable characteristics or more lines into one strain. 

Self pollination being the rule in theis crop artificial cross pollination requires emasculation. 



Emasculations is performed by pushing……..of the standard and the corresponding wing 

petal outward with a dissecting needle and……half of the keel petal and the anthers with 

forceps taking care not to injure the , ……..flower shedding being, common, large number of 

flowers re emasculated and pollinated in a cross. 

 

Following type of crosses are made. 

1. Intervarietal crosses 

2. Interspecific crosses 

3. Multiple crosses 

4. Back crosses 

 

4. HANDLING OF SEGREGATING GENERATIONS: 

Following selection procedures are followed in Mungbean. 

A. PEDIGREE SELECTION 

B. BULK PEDIGREE SELECTION 

 

C. SINGLE SEED DESCENT METHOD 

WITH SELCTIVE INTERMATING IN EARLY GENERATIONS: 

 

5. MUTATION BREEDING: 

Mutation breeding is directed towards increasing the range of genetic variability by mutation 

induction or chemical mutagens. 

 

VII. QUALITY AND UTILIZATON: 

Mungbean average about 24 percent protein. Protein contains about one third of methionine 

content and is lower in cystine, isoleucine, threonine, tryptophan, valine. Carbohydrates, 

combined with proteins make it a rich source of food energy. Mungbean seeds are good 

source of minerals viz. CalCium, Iron and Potassium Mung bean seeds are good source of 

vitamins viz. thiamin, niacin, panthothenic acid, folacin, and A. 

 

UTILIZATION FOR FOOD: 

Mungbean is utilized in many form of  food products as  

1. Use of boiled immature pods & seeds. 

2. Use in from of dehusked, splitted dhal 

3. Use in form of flour products 

4. Isolated mungbean starch, proteins 

5. Sprouted form of seed 

6. Baked and roasted seeds. 

VIII. DISEASES OF MUNGBEAN: 

1. Bean rust caused by Uromyces appendiculatus (Pers.) unger. 



2. Bean leaf spot caused by Cercpspora cruenta Sacc. 

3. Root rot caused by Rhizoctonia solani kuhn 

4. Fusarium wilt caused by Fusarium sp. 

5. Bean Blight caused by Fusarium sp. 

6. Powdery mildew caused by Erysiphe polygoni D.C. 

7. Anthracnose disease caused by Colletotrichum lindemuthianum Sacc. And Magn 

8. Mungbean yellow Mosaic virus 

9. Mungbean yellow Mosaic virus 

10. Cowpea rust caused by Uromyces vignae Barcl. 

11. Halo blight caused by Pseudomonas phaseolicola (Burk.) 

12. Bean common Mosaic virus 

13. Root-Knot nematode- Meloidogyne incognita chitwood 

 

IX. INSECTS OF MUNGBEAN: 

1. Stem borer-Stomopteryx nertaria meyrick 

2. Aphid-Aphis craccivora Koch. 

3. White fly-Bemisia tabaci Gennadius 

4. Thrips- Megalurothrips distalis Karny 

5. Pod borers-Maruca  testulalis Geyer 

6. Seed weevils-Callosobruchus maculates F. 

 

X. GUIDE FOR GREEN GRAM CULTIVATION 

SOILS: Red loamy, alluvial and black soils are suitable. 

 

CLIMATE: It can be grown in areas which receive a rainfall of 25 to 35. It is mainly grown as 

rainfed crop. 

 

SEASON: Kharif-June to July 

  Summer-February to March 

 

SEED RATE: 15 kg to 20 kg/ha 

FERTILIZER: DAP@100 kg/ha 

SOWING: Sow the seed, 30 cm x 5-7 cm. in rows. 

  Keep the land free from weeds. 

 

PLANT PROTECTION SCHEDULE: Spray with recommended insecticides. Whenever, insect 

infestation is noticed. 

 

EXPECTED YIELD: 5-10q/ha rainfed crop 

   10-12 q/ha in irrigated crop 



 

XI. MUNGBEAN VARIETIES 

Type 1, Type 44, Co 1, Khargone-1, Type 51, BR-2 Pusa Baisakhi, Amrit, Jawahar-45, ML-

1, ML-5 ML-5, ML-131, ML-267, Co 2, Co 3, KM-1, Co 4, PS-7, PS-10, Pusa 105, 

Sabarmati, ML 337, LGG 407 PS 16, Lam M2, LGG450, ML-13, PSI 6, LGG 435, PDM 

143, ML 667, Kopergaon, LGG 450, ML 13, PS 16, MI 613, ML 267, K 851, Jyoti, Sujata, 

Dhavti, Sunaina Panna, LGG 402, Sona. 

 

VARIETIES FOR SPRING AND SUMMER SESASON: PDM 11, Pusa Baisakhi, PDM 54, 

SML 134,  S-8, PS-7, PS-10, PS-16 Pusa 105, Pusa 9072, Type 44, Narendra Mung-1 

 

VARIETIES FROM PANTNAGAR UNIVERSITY:  

Pant Moong 1, Pant Moong 2, Pant Moong 3. Pant Mung 4, Pant Mung 5, Pant Mung 6, Pant 

Mung 7, Pant Mung 8, Pant Mung 9, 

 

LAB EXCERCISE NO. 

Practical Study: 

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

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

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

4. Study various types of diseases and pest 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 corp. 

 

 

 

 

 

 

 

 



Urdbean-Blackgram (Vigna mungo) 

I. SYSTEMATIC POSITION 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIVISION : Angiospermae 
CLASS : Dicotyledonae 
SUBCLASS : Polypetalae 
SERIES : Calyciflorae 
ORDER : Rosales 
FAMILY : Leguminosae 
SUB-FAMILY : Papilionatae 
TRIBE : Phaseoleae 
GENUS & SPECIES: 
 

: Vigna mungo 

 ORIGIN: Native to the northeastern India-Burma region of Asia 

 

 Progenitor : Vigna mungo  var. silverstris (L.)  

 

 CHROSOMOE NUMBER: 2n=22 

 

II. DESCRIPTION 

 

HABIT: Blackgram is an annual, semierect to spreading herb, 25-90 cm. tall. 

 

ROOT: Nodulated tap root system, nodules containing nitrogen fixing bacteria. 

 

STEM:  Stems are diffuse, branching sometimes procumbent and covered with large, dense, 

brown hairs. 

 

LEAVES : Leaves are trifoliate, hairy, with large ovate to lanceolate, the stipules have basal 

appendage & small. 

 

LEAFLETS: Entire 

 

INFLORESCENCE: The flowers are borne in clusters of five to five to six on a short hairy 

peduncle in axillary racemes. 

FLOWERS: Clusters of five to six borne on a short hairy peduncle, bracteate, hermaphrodite, 

complete, zygomorphic, hypogynous. 

 

CALYX: Sepals 5, connate at the base, valvate aestivation. 

 



CORROLA: Petals 5, polypetalous, papilionaceous, descending, imbricte aestivation, one 

posterior long standard, two lateral short wings, two anterior petals jointed to each other 

forming a keel. 

ANDROECIUM: 10 stamens, diadelphous, 9fused with each other on anter............... one free 

on posterior side, anther lobes bilocular, dorsifixed, introrse. 

 

GYNOECIUM: Monocarpellary, unilocular, mariginal..... ovary superior. 

FRUIT: The fruit is a pod, pods are short, erect to suberect, brown to black, hairy with six to 

ten seeds. 

 

SEEDS: The seeds are small, averaging about 40 mg, oblong, black, dark brown or green. 

The test is smooth and the hilum white and concave. Germination is epigeal. Pods do not 

shatter readily.  

 

III. POLLINATION: Flowers are self fertile and self pollinated, flowering is indeterminate.  

 

IV. MORPHOLOGICAL DISTINCTIONS:  

1. Pods erect or suberect 

2. Seeds of blackgram do not have wavy ridges, 

3. Blackgram pods have large hairs 

4. Seeds are oblong and hilum concave 

5. Blackgram has one pair long, six pairs medium and four pairs of short chromosomes 

6. Chemotaxonomy evidenced that seeds have free depeptide, Y-glutamylmethionine and its 

sulfoxide. 

 

V. BREEDING OBJECTIVES: 

The objectives of the breeding programme determine the characteristics of new cultivars 

emerging from it. Broad breeding objectives are. 

 

1. SEED YIELD ENHANCEWMENT: 

Breeding for improved seed yield involves (A) concentration of combination of genes for 

genetic potential to produce high seed yields. 

(B) Incorporation of genes for tolerance to stress conditions into genotypes with high yield 

potential. 

 

2. IDEAL PLANT TYPE APPROACH: 

Aim of reconstructing plant type with more compact type with high harvest index, reduced 

photoperiod sensitivity determinate growth habit. 

 

3. EARLY MATURITY AND UNIFORM MATURITY: 



Early maturity has been referred to in relation to plant type and for utilization of Urdbean as 

a short duration crop in multiple cropping system. Thus genotype with low photoperiod 

senstivity are required. 

 

4. TOLERANCE TO STRESS FACTORS: 

Drought tolerance, water logged condition tolerance, saline tolerance are required to be 

induced in new cultivars. 

 

5. DISEASE AND INSECT RESISTANCE: 

Breeding for resistance is an economical and practical method of reducing cost of cultivation. 

 

6. QUALITY: Quality seed which brings the highest price in the market, Nutritional properties 

& cooking characteristics are to be improved in new cultivars. The aim for increasing total 

protein as well as yield is of prime importance. 

 

VI. BREEDING PROCEDURES IN URDBEAN:  

Breeding procedures of self pollinated crops are used here. The initial steps are: 

 

1. INTRODUCTION: Collection of germplasm with a wide range of genetic variability. It is 

used as a direct or indirect potential material in improvement of Urdbean. 

2. SELECTION: Selection is done to sort out individual genetic entities from a heterogeneous 

mixture. Two types of procedures are used. 

 

A. MASS SELECTION: 

 

B. PURE LINE SELECTION: 

 

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

more lines into one strain. Self pollination being the rule in this crop, artificial cross 

pollination requires emasculation. Emasculation is performed by pushing one side of the 

standard and the corresponding wing petal outward with a dissecting needle and removing 

one-half of the keep petal and the anthers with forceps taking care not to injure the stigma. 

Flower shedding being common, large number of flowers are emasculated and pollinated in a 

cross generally following type of crosses are made. 

 

1. INTERVARIETIAL CROSSES 

2. INTERSPECIFIC CROSSES 

3. MULTIPLE CROSSES 

4. BACK CROSSES 

5. HANDLING OF SEGREGATING GENERATIONS: 



Following selection procedure are followed in Urdbean. 

A. PEDIGREE SELECTION 

B. BULK PEDIGREE SELECTION 

C. SINGLE SEED DESCENT METHOD WITH SELECTIVE INTERNMATING IN EARLY 

GENERATIONS. 

 

5. MUTAITON BREEDING: Mutation breeding is directed toward increasing the range of 

genetic variability by mutation induction with irradiation or chemical mutagens. 

 

VII. QUALTIY AND UTILIZATION: Urdbean averages about 24 percent protein. Protein 

contains about one-third of methionine content and is lower in cystine, isoleucine, threonine, 

tryptophan, valine, carbohydrates, combined with proteins make it a rich soruce of food 

energy Urdbean seeds are good source of minerals viz. Calcium, Iron and Potassium. 

Urdbean seeds are good source of Vitamins viz. Thiamin, Niacin, Pantathemic acid, Folacin, 

and A. 

 

VIII. UTILIZATION FOR FOOD: Urdbean is utilized in many form of food products as: 

1. Use of boiled and immature pods & seeds. 

2. Use in form of dehusked, splitted dhal 

3. Use in form of flour products 

4. Isolated Urdbean starch, proteins 

5. Sprouted form of seed 

6. Baked and roasted seeds. 

 

IX. DISEASES OF BLACKGRAM: 

1. Bean rust caused by Uromyces appendiculatus (Pers.) Unger. 

2. Bean leaf spot caused by Cerocospora cruenta sacc. 

3. Root Rot caused by Rhizoctonia solani Kuhn. 

4. Fusarium wilt caused by Fusarium sp. 

5. Bean Blight caused by Ascochyta phaseolaorum sacc. 

6. Powdery Mildew caused by Erysiphe polygoni D.C., 

7. Anthracnose disease caused by colletotrichum lindemuthianum Sacc. And Magn. 

8. Mungbean yellow mosaic virus 

9. Mungbean leaf crinkle virus 

10. Cowpea rust caused by Uromyces vignae Barcl. 

11. Halo Blight caused by Pseudomonas phaselicola (Burk) 

12. Bean common mosaic virus 

13. Root-knot nematode-Meloidogyne incognita chitwood 

 

 



X. INSECT OF BLACKGRAM: 

1. Stem borer: Stomopteryx nertaria nertaria Meyrick 

2. Aphid-Aphis craccivora Koch. 

3. White fly- Bemisia tabaci Gennadius  

4. Thrips-Megalurothrips distalis Karny 

5. Pod borers-Maruca testulalis Geyer 

6. Seed weevils- Callosobruchus maculantus F.C. chinensis F.s 

XI. GUIDE FOR BLACK GRAM CULTIVATION 

SOIL: Red loamy, black soils are ideal. 

CLIMATE: It can be grown upto an altitude of 6000 above mean sea level. It thrives better in 

areas which receive a rainfall of 35 and below. 

SEASON: Kharif-June to July 

  Summer-Feb. to March 

SEED RATE: 20kg to 25kg/ha 

FERTILIZER: DAP@100 kg/ha 

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

weeds. 

PLALNT PROTECTION SCHEDULE: Spray the crop with recommended insecticide, 

whenever insects are noticed in the field. 

EXPECTED YIELD: 5-7-12 q/ha in rainfed condition ; 10-15 q/ha in irrigated condition 

XI. VARIETIES: Type 9, UG 218, Naveen, TAU-4, Khargone-3, CO5, Mash 338, Mash 414 

 Spring season: PDU-1, Pant 19, Pant 30, Narendra Urd-1 

 RABI SEASON:  LBG 16, LBG 17, 

XII. VARIETIES FROM PANTNAGAR UNIVERSTIY: Pant 19, Pant U30, Pant U 31, Pant U 

35,        Mankaya, Pant U 40, Pant U 10, Pant U 7, Pant U 8, Pant U 9, 

 

LAB EXERCISE NO 

Practical study: 

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

2. Study inflorescence provided and hybridization tech niques 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. 

********** 

 

 

 



SOYBEAN (Glycine max). 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIIVISION : Angiospermae 
CLASS : Dicotyledonae 
ORDER : Leguminales 
FAMILY : Leguminosae 
SUB-FAMILY : Papilionaceae 
GENUS & SPECIES : Glycine max L. Merrill 
 

 ORIGIN:  South-East Asian origin. 

 COUNTRIES OF CULTIVATION: China, Japan, Korea, India, Thailand, Indonesia, Philippines, 
U.S.A. etc. 
 

 CHROMOSOME NUMBER:2n=40 
 

 OTHER SPECIES: Glycine ussuriensis 
   Glycine max 

   Glycine gracilis 

   Glycine soja 

   Glycine hispida 

II. DESCRIPTION:  

HABIT: Erect or semierect plants, annual legume 

ROOT: Strong tap root system. The main axis and laterals may have small nodules 

STEM: Erect, branched, sparsely covered with grey or brown hairs, In some, branches are  short, 

while in some , lower branches are elongated, either spreading or ascending, Indeterminate to 

determinate habit of growth. 
 

LEAF: The leaf petioles are long with small free stipules, leaflets 25 mm to 150mm, long with 

varying pubescence. The leaves are trifoliate with leaflets ovate to ovate lanceolate. In some 

cases they are linear. 
 

INFLORESCENCE: Axillary racemes 

FLOWERS: The flowrs are small, 6-7 mm. long, either white or purple, produced in clusters of 9 

to 15, Pedicellate, bracteates, zygomorphic hermaphrodite, complete, hypogynous. 
 

CALYX: The calyx is tubular with five unequal lobes, persistent and pubescent, gamosepalous, 

valvate aestivation, green. 



 

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, zygomorphic, descending imbricate aestivation. 

 

ANDROECIUM: 10 Stamens, diadelphous, 9 fused with each other on anterior side, one free on 

posterior side, Anther lobes bilocular, dorsifixed, introrse. 

GYNOECIUM: monocarpellary, unilocular, marginal placentation, ovary superior, straight and 

pubescent with a curve style ending in a capitates stigma. 

 

FRUIT: Legume-pod, pods are pendent on short stalks, and are 25 to 87 mm long and about 12 

mm broad. They are borne in clusters of 3 15 and a single plant may bear upto 400 pods. 

 

SEED: Seed are made up of cotyledons and embryo. Seed colour varies from yellow, green, 

brown to black. 

 

III. POLLINATION: Soybean is a naturally self-pollinated crop. For hybridization, it is best to 

emasuculate and pollinate the flower in the same afternoon. All the other young flower 

buds should be removed from raceme. Flowering period is three to four weeks. An 

indeterminate plant usually blooms first at the fourth or fifth node. Flowering progresses 

upward. A determinate plant starts blooming at eight or tenth node. Flowering progresses 

both downward & upward. upto 75 percent of the flowers may fall to ground. 

 

IV. BREEDING OBJECTIVES: 

1. Enhancement in yield 

2. Earlyness 

3. Lodging resistance 

4. Disease resistance 

5. Insect resistance 

6. protein and oil quality 

7. Seed size 

 

V. BREEDING METHODS: 

1. INTRODUCTION: The best introductions are used as direct cultivars or as parents to develop 

surperior cultivars. 

2. SELECTION: Major types are 

A. Mass selection- Procedure as followed in breeding self pollinated crops. 

B. Pure line selection- Procedure as followed in breeding self pollinated crops 



3. HYBRIDIZATION: Selection of appropriate parents will ultimately determine the success of a 

breeding programme. Following type of crosses are made in soybean 

1. Intervarietal crosses 

2. Interspecific crosses 

3. Complex crosses 

4. Back crosses 

4. SELECTION SCHEME USED AFTER HYBRIDIZATION: 

A. PEDIGREE SELECION : Pedigree selection is effective for the improvement of seed yield, 

lodging resistance and other characters. 

B. SINGLE SEED DESCENT METHOD: The most widely used procedure for yield improvement in 

soybean. 

C. EARLY GENERATION TESTING: Early generation testing is considering a means of  increasing 

the percentage of high-yielding pure lines that undergo extensive testing. 

D. RECURRENT SELECTION: Recurrent selection is done in an intermated population that 

includes a large number of different parents. Recurrent selection can readily be intergrated 

into cultivar development programme. 

5. MUTATION BREEDING:  The enhancement in genetic resources of various traits is possible 

through mutation breeding in soybean. 

6. MOLECULAR BREEDING:  Major emphasis is an following: 

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

pyramiding. 

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

hybridization through engineering resistance for biotic stresses & other traits. 

 

VI. DISEASES: Some important diseases are: 

1. Phytophthora rot caused by Phytophthora megasperma sojae 

2. Bacterial pustule by Xanthomonas phaseoli sojensis 

3. Soybean rust caused by Phakopsora pachyrhizi 

4. Soybean Mosaic virus 

5. Soybean Cyst Nematode-Heterodera glycines 

6. Root rot caused by Rhizoctonia dematium  

7. Anthracnose caused by colletotrichum dematium 

8. Powdery mildew caused by Microsphaera diffusa 

9. Downy mildew caused by Peronospora trifoliorum 

10. Yellow Mosaic virus-Bean yellow Mosaic virus 

 

VII. INSECTS: Some important insects are: 

1. Leaf feeding Blister beetles-Epicauta vittata 



2. Leaf thrips-Sericothrips variabilis 

3. Corn earworm-Heliothis Zea 

4. Pod stinkbugs-Nezara viridula 

5. White grubs-Phyllophaga species 

6. Bihar hairy caterpillar etc. 

 

VIII. SOYBEAN FOOD PRODUCTS: Various types of food products are prepared from soybean 

seed. They are: 

A. DEFATTED FLAKE PRODUCTS: 

1. Soybean flour 

2. food drinks 

3. Baby food 

4. Adhesive 

5. Nutrient as beer 

6. Soybean meal (Live stock feed, poultry feed,) 

7. Industrial uses- Vitamins, Antibiotics, drugs 

8. Isolated Soybean proteins 

B. MILL FEED:  1.  High fibre feeds 

C. NATURAL FULL PRODUCTS: 

1. Baked soybeans 

2. Bread 

3. Candy 

4. Sweet goods 

5. Roasted soybeans 

D. OIL PRODUCTS: 

1. Refined soybean oil 

2. Sterols 

3. Fatty Acids 

4. Glycerol 

5. Emulsifying agents 

6. Anti foam agent 

7. Paint, Ink, dispersing agent 

8. Textiles, chemicals, wetting agent 

9. Emulsions-Stabilizing agent 

 

IX. GUIDE FOR SOYBEAN CULTIVATIN 

SOIL: Sandy loam to clay soil is suited. well drained conditions are ideal. 

CLIMATE: Soybean tolerates to some extent drought conditions. 



SEASONS:   Kharif season-July-August 

   Rabi season-January-February 

SEED RATE:  75 kg/ha 

FERTILIZER: Fertilizer doses may vary as per fertility level of the soil. 

   Nitrogen 40 kg/ha 

   Phosphorus 40 kg/ha 

   Potash 40 kg/ha 

   Zinc sulphate-12 kg/ha 

SOWING: Sow the seeds in rows of 30 cm apart and 10cm. from seed to seed . 

PLANT PROTECTION SCHEDULE: Spray the crop with recommended insecticides, whenever 

pod feeders are noticed in the field. 

 Expected Yield: Rainfed-12-15 q/ha 

      Irrigated- 20-25 q/ha 

 

X. VARIETIES: Ankur, Alankar, Shilajeet, Birsa Soybean-1, PK 262, Punjab-1, J-232, Gaurav, 

Bragg.SL96, SL 295, JS335, JS8021, MACS58, MACS 124, Him Soya 553, SL-4, Pusa20, Pusa 

16, VLS-21, JS 7105, MAUS-2, Ahilaya, NRC-7, NRC-2, 

 

XI. VARIETIES FROM PANTNAGAR: (26) 
 

Bragg, Ankur, Alankar, Shilajeet, PK 262, PK 327, PK 308, PK 416, PK 472, PK 564, PS 

1024, PS 1042, PK 1029, PS 1092, PS 1241, PRS 1, PS 1347, PS 1225, PS 19, , PS 20, , 

PS 21, , PS 22, , PS 23, , PS 24, , PS 25, , PS 26, 

 

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

 

 

 

 



GROUNDNUT (Arachis hypogaea) 

I. SYSTEMMATIC POSITION: 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIIVISION : Angiospermae 
CLASS : Dicotyledoneae 
ORDER : Rosales 
FAMILY : Leguminosae 
TRIBE : Hedysareae 
GENUS & SPECIES : Arachis hypogaea 
 

 ORIGIN: Groundnut is a native of new world crop, South America, Groundnut is presently 

cultivate cultivated in 80 Countries from 40º N to 40ºS in tropical and warm temperate 

regions of the world. Reports have indicated a Brazilian origin for Arachis hypogaea. 

 SPECIES: Arachis hypogaea 

  Arachis villosa 

  Arachis tuberose 

  Arachis repens 

  Arachis prostrate 

 CHROMOSOME NUMBER : Arachis hypogaea n=20, 2n=40 (Tetraploid) 

 POLYPLOIDA OF ARACHIS: 

A. ALLOTERAPLOIDS: Arachis hypogaea 2n=40 

          Arachis monticola 2n=40 

          Arachis glabrata 2n=40 

B. AUTOTERRAPLOIDS: Arachis duranensis 2n=40 

    Arachis villosa 2n=40 

    Arachis villosulicarpa 2n=40 

C. DIPLOID SPECIES: Arachis diogoi 2n=20 

         Arachis duranensis 2n=20 

         Arachis villosa 2n=20 

         Arachis villosulicarpa 2n=20 

BOTANICAL TYPES: Arachis hypogaea Linn. 

             Sub sp. hypogaea 

    Var. hirsuta (Kohler) 

    Sub. sp. fastigiata Waldron 

    Var. fastigiata (Guaraian) 

    Var. Vulgaris (Harz.) 

 DISTRIBUTION: 

 Groundnut is grown is large scale in India, China, USA, Senegal, Indonesia, Nigeria, 

Burma, Brazil, Argentina, Ghana, Malawi, Mali, Somalia, Sudan, Thailand Vietnam, Africa. In 



India groundnut growing states are Gujrat, Andhra Pradesh, Tamil Nadu, Karnataka, 

Maharashtra, Madhya Pradesh, Uttar Pradesh, Rajasthan 

 

II. DESCRIPTION:  

 

HABIT: Procumbent, decumbent or erect, branching alternate. 

 

ROOT: Herbaceous annual with a tap root system and adventitious  rooting at nodes of branches 

that come in contact to soil. Root nodules are formed by Brady rhizobium. 

 

STEM: Angular, pubescent, solid in early stages then become hollow. The main stem develops 

from terminal bud of epicotyls flanked by two opposite cotyledonary laterals. Height ranges from 

12cm to 65 cm. Stem colours are Purple, Pink, dark red, light red and green.  The hairs are 

arranged in regular rows on stem on stem as long hair (upto 3mm) and short hair (<1 mm) and 

glandular hairs. 

LEAF: Tetrafoliate, paripinnate, borne spirally in a 25 Phyllotaxy and their arrangement on main 

stem and higher order branches is distichous. Leaflets are opposite, subsessile, elliptic and 

shortly mucronate with entire  ciliate margin. Stipules are prominent, linear and adnate. The 

leaflets are borne on a slender, grooved and jointed rachis. Shape of leaflets varies from oblong 

to lanceolate. The size of leaflet varies from 24 mm x 8 mm to 86 mm x 4/mm leaflets are 

pubescent and all three hair types long, short and glandular. 

INFLORESCENCE: The inflorescence is a reduced simple or compound monopodium appears 

as a cluster of flowers in leaf axil. In the axils of scale like leaves, either a very short peduncle 

bearing a single flower or a flower or a peduncle having compound inflorescence is produced. 

FLOWERS: The typical papilioniod corolla is inserted on top of the hypanthium and surrounds 

the stamina column. Flowers are enclosed between two bracts, one of which is simple, 

subtending a short peduncle, and other  bifid subtending the pedicle. the flower is sessile but 

appears stalked after growth of tubular hypanthium just before anthesis. The calyx is five tooted, 

one of which is free and anterior to the keel. The other four are fused upto near their tips at the 

back of the standard and sometimes calyx is considered to be two toothed. Colour of standard 

petal is generally orange, wings yellow, keel hyaline. Flower stalk is 4-5 cm long, standard is 10-

22 mm wide & 8-16, mm long. 

STAMENS: Ten, monoadelphous, with stamina column surrounded by the ovary. Two sessile, 

four globose and uniloculate alternating with four oblong anthers of which three are biloculate 

and one opposite the standard is uniloculate. The filaments are fused for two third of their length. 

PISTIL: Consists of a single ovary surrounded by base fo the hypanthium. The ovary is about 1.5 

mm long, 0.5 mm long, 0.5 mm wide and has 2-4-5-6 ovules and is covered with upward. 



slanting hairs near the top of the surface facing standard. the stigma is clubshaped or clavate, 

usually at anther level or protruding slightly above. 

FRUIT: Pod, Lomentiform indehiscent carpel. Pod contains upto four seeds,8mm to 2.7 cm long, 

the shell consist of an outer spongy layer, a middle fibrous woody and innermost thin & papery. 

The embryo dormant during peg elongation. Basal ovule develop first, pod grows in 3 weeks, 

takes 60 days to maturity. The tip of fruit is beak may be absent, slight, moderate, prominent. 

The constriction of pod may be none, slight, moderate deep. Reticulation or ridged on pod may 

be smooth, slight, moderate, prominent. Size of pod 8-20 mm in diameter, 11-83 mm length. 

SEED: Size, shape and colour of testa variable, seed coat is thin and papery, seed length ranges 

from 7-21 mm and seed diameters 5-13 mm. Seed mass 0.2-1g – 2.38 g and fairly stable for a 

cultivar. In general cultivar belonging to var. hypogaea have large seed than of variety fastigiata, 

wild types have very small seed. colour of seed classified into non-variegated testa to variegated 

testa. Different solid colours as white, rose, flesh, wine red, light purple and dark purple. 

PRIMORDIA IN SEED: Each seed consist of two cotyledon, upper stem axis, epicotyl, 

hypocotyl and primary root. Epicotyl consist of three buds, one terminal with four leaf 

primordial and a two cotyledonary laterals with one or two leaf primordial. Seed germinates in 

soil at 27ºC primary root emerges in 24-36 hrs. 

THE PEG: Generally fertilization is completed before mid day. After fertilization flower drops, 

corolla closes, calyx tube bends and flowers withers. The ovary at base of cayx tube starts 

growing within a week. The peg is stalk like structure that carries fertilized ovule at its tip. Its 

growth is positively geotropic Colour of Peg is Pink to purple. The length of Peg is related to 

differences in branching pattern. 

III. POLLINATION: Self pollination with cleistogamy. Outcrossing ranges from less than 1% to 

3.9% 

IV. GROWTH HABIT IN GROUNDNUT: Following types of growth habit is generally seen. 

A. PROCUMBENT 1: Main stem is erect, the lateral branches are prostrate. 

B. PROCUMBENT 2: Main stem has tendency to bend and continue to trail on ground. 

C. DECUMBENT 1: The main stem is distinct, The laterals which normally trail on ground tend 

to become upright at distal nodes. 

D. DECUMBENT 2: The main stem is distinct. The lateral tend to be almost upright at median 

nodes. 

E. DECUMBENT 3: The main stem becomes indistinct as most of lateral branches are upright 

and give a bushy appearance. 

F. ERECT: The main stem is indistinguishable from the laterals. The laterals are at an acute 

angle to main stem. 

 BRANCHING PATTERN IN GROUNDNUT: Two types alternate-branching and sequential 

branching patterns with production of numerous secondary (n+2) and tertiary (n+3) 



characterizes the cultivars of var. hypogaea. Two more types, Irregular branching-1 and 

Irregular branching-2 are also present in large number of cultivars. 

V. BREEDING OBJECTIVES: The objectives depend upon the mode of cultivation and 

utilization, some important ones are: 

1. High yield 

2. High shelling 

3. High oil 

4. Early maturity 

5. Drought tolerance 

6. Cold tolerance 

7. Responsiveness to fertilizer application  

8. Disease resistance 

9. Insect resistance 

VI. BREEDING METHODS: Following are methods followed for groundnut improvement. 

A. TRADITIONAL METHODS: 

1. INTRODUCTION: Introduction of a variety from another geographic region. 

2. MASS SELECTION: It is used primarily for highly heritable raits. 

 

B. PURE LINE METHOD: For less heritable traits such as yield and quality, it is more effective 

3. HIBRIDIZATION: Hybridization is used for recombination of desirable characters scattered 

in different parents. Selection of parents & crossing techniques are important here. 

4. HANDLING OF GENERATIONS AFTER HYBRIDIZATION: Hybridization followed by 

pedigree method of selection is very effective in groundnut. 

5. MUTATION BREEDING: A combination approach of mutation-cum, hybridization (Inter-, 

Intra-specific ones) may be adopted by resorting to method like crossing with irradiated 

pollen and irradiating the F1 Plants for obtaining greater percentage of recombination’s. 

B. MODERN CONCEPTS: 

1. SYNTHETIC VARIETIES: Synthetic varieties are mixtures of purelines.  Blends or mixtures 

have to be selected carefully and examined for commercial productivity. 

2. MULTILINE VATIETIES: Multilines are early generation composites. The advantages are 

(A) adaptation to wide geographical area (B) more stable yields over season (C) Broader 

protection against diseases. The disadvantages are (A) less uniform than pureline cultivar (B) 

more difficult ot maintain seed stock (C) fluctuating yielding ability in a given location over 

the years. 

3. SINGLE SEED DESCENT: In the single seed descent methods, selection is practiced among 

generally stable lines. 

4. EARLY GENERATION TESTING: Early generation testing for yield and other traits during 

the inbreeding phase is an alternative to rapid generation advance. 



5. CONVERT HYBRIDIZATION: It facilitates breaking of linkage groups and increase the 

genetic potential of source population. It also brings together, relatively quickly, new 

recombination’s of genes from several parents. 

6. SELCTIVE DIALLEL MATING SYSTEM: Concept of multiparental gene recombination 

among selected group of parents is used here. 

 

VII. INSECT AND PESTS: 

1. White grubs-Holotrichia spp. 

2. Termites-odontotermes spp. 

3. Earwig-Anisolabis annulipes (LUC) 

4. Groundnut root borer-Sohenoptera perotetti (Guer.) 

5. Pod sucking bug-Elasmolemus sordidus (Fab.) 

6. Thrips Scirtothrips dorsalis 

7. Groundnut Aphid Aphis craccivora Koch. 

8. Red spider mite-Tetranychus sp. 

9. Bihar hairy cater pillar-Diacrisia oblique walker 

10. Gram cater pillar-Heliothis armigera (hubner) 

 

VIII. DISEASES: 

1. Leafspot caused by Cercospora arachidicola Hori 

2. Rust caused by Puccinia arachidis speg. 

3. Alternaria leaf spot caused by Alternaria tenuissima 

4. Anthracnose disease caused by Colletotrichum dematium 

5. Phoma blight caused by Phoma microspora 

6. Macrophomina disease caused by Macrophomina phaseolina Goid 

7. Sclerotium disease caused by Sclerotium rolfsii sacc. 

8. Fusarium disease caused by Fusarium oxysporum schl. 

9. Nematode- Tylenchorhynchus brevilineatus Williams 

10. Groundnut mosaic caused by Tomato spotted wilt virus 

 MYCOTOXIN PROBLEM : As per gillus  flavus group infection during storage generates 

aflatoxin formation in groundnut. It also produces aspertoxin and aflatrem toxins. 

 PREVENTION & CONTROL: 

1. Incorporation of resistance 

2. Avoid mechanical damage ot the crop  

3. Harvesting at proper maturity 

4. Drying the produce I the field 

5. Preventing rewetting after drying 

6. Removal fo damaged or moulded  pods 

7. Storage at low temperature & humidity 



 GROUNDNUT OIL: Oil content varieties from 40 to 50% in the varieties. Oleic and linoeic 

acids are the major fatty acids. Groundnut cake is rich in protein upto 60% & 20-30% 

carbohydrates. As with any other vegetable proteins, lysine, methionine, threorine and 

isoleucine are limiting amino acids in groundnut. 

IX. GUIDE FOR GROUNDNUT CULTIVATION:  

SOIL: Alkali, Saline and Acidic soils and pure clay soils are not suitable for this crop. Sandy 

loam with good drainage are best suited. 

CLIMATE: IT can be grown under tropical and subtropical conditions. 

SEASON: Kharif-June 

Summer-December to January 

SEED RATE: 100 kgs kernel/.ha 

FERTILIZER: Nitrogen-25 kg/ha 

        Phosphorus 75 kg/ha 

        Potash 25 kg/ha 

SOWING: Sow the seeds in rows of 30 cm apart and 15 cm apart seed to seed in the rows, not 

deeper than 5 cm. Keep the land free form weeds. Do not intercultivate after 50 days of sowing. 

PLANT PROTECTION SCHEDULE: Spray the crop with recommended insecticides to control 

aphids and other pests of economics importance. 

EXPECTED YIELD: 25-35-50 pods/ha 

 

X. VARIETIES: TMV-7, M-145, Polach-1, TMW-8, S-206, S-230, TMV-9, TMW-10, Jyoti, 

M-13, Pol-2, GauG-1, GauG-10, TG-1, TG-3, MH-1, DH3-30, Chandra, TMW-11, Kandiri-

2, Kndiri-3, TMV-12, MH-2, BP-1, BP-2, CO1, M-37 Kisasn, Kaushal, Chitra T-12, T13, B-

67, CO2, KRG-1, DH-8,GG-2, GG11, Kuber, SG84, ICGS-1, ICGS-11, ICGS-37, ICGS44, 

MS22, M335, RS-1, RSB-87, M-13, RMB87, SK12-24, MA10, RG141. 

 

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 trails 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. 

 

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

 

 



Cotton (Gossypium sp.) 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 

Sub-kingdom : Phanerogams 

Division : angiospermae 

Class : dicotyledonae 

Sub class : polypetalae 

Order : Malvales 

Series : Thalamiflorae 

Family : Malvaceae 

GENUS : Gossypium sp. 
 

 ORIGIN: Cotton is indigeneous south and south east Asia. 

 Specific of gossypium: 

Sl. No. Species Chromosome 

(2n) 

Genome 

symbol 

Geographic 

origin 

Use 

 DIPLOID OLD WORLD 

SPECIES: 

    

 G. herbaceum 26  A1 Asia Cultivated 

 G. arboretum 26 A2 Asia Cultivated 

 G. anomalum 26 B1 Africa Wild 
 G.triphyllum 26 B2 Africa Wild 

 G. sturtii 26 C1 Australia Wild 

 G.robinsonii 26 C2 Australia Wild 
 G.australe 26 C3 Australia Wild 

 G.stocksii 26 E1 Endo-

Arabia 

Wild 

 G.somalense 26 E2 Arabia-India Wild 
 G.areysianum 26 E3 Africa Wild 

 G. incanum 26 E4 Africa Wild 

 G. longicalyx 26 E5 Africa Wild 
 DIPLOID NEW WORLD 

SPECIES 

    

 G. thurberi 26 D1 N America  Wild 
 G. armourianum 26 D2 N. America Wild 

 G. harknessii 26 D3 N. America Wild 

 G.klotzschianum 26 D3 N. America Wild 

 G. aridum  26 D4 A. America Wild 
 G. raimondii 26 D5 S. America Wild 

 G. gossypioides 26 D6 America Wild 

 G. lobatum 26 D7 America Wild 
 TETRAPLOID NEW WORLD 

SPECIES 

    

 G. hirsutum 52 (AD)1 N. America Cultivated 
 G.barbadense 52 (AD)2 S. America Cultivated 

 G. tomentosum 52 (AD)3 Hawaii wild 

 



II. DESCRIPTION: 

 

HABIT: Cotton plant has a prominent erect main stem, annual to biennial habit. 

 

ROOT: Tap root system, branched. 

 

STEM: Erect, branched, cylindrical, moderately thick, tough bark, the length of internode in the 

main stem and in branches affects the height and spread of plant. 

 

LEAVES: stipulate, alternate, simple, petiolate, reticulate venation, Asiatic varieties have deeply 

cut leaf blades while upland varieties have least incising. Degree of hairiness is a species 

characteristic. The leaves of fruiting branches lack the spiral arrangement that is found on main 

stem and vegetative branches.  

 

INFLORE SCENCE: About six or eight flour buds are produced on fruiting branches., 

 

Flower: Bracteate, pedicellate, hermaphrodite, complete hypogynous, actinomorphic, 

pentamerous, flowers open about 21 days after the squares are first recognizable. The open 

flower is large & showy somewhat bell-shaped. 

 

CALYX: Sepals 5, gamosepalous, valvate aestivation. 

 

COROLLA: Petals 5, polypetalous but basally fused with staminal tube. Colour white, 

yellowish cream, brilliant red, yellow pinkish. 

 

GLANDS: External glands as nectarines, one inside flower, three extrafloral are seen. A second 

set fo nectarines is found on outside of the calyx near its base. A third set, consisting of three 

nectarines, is situated on the pedicel fo flower. 

 

ANDROECIUM: Numerous stamens, monoadelphous, filaments fused to form a staminal tube, 

adnate to basal part of petals, epipetalous, anther lobes unilocular, basifixed. 

 

GYNOECIUM: Three to five lobes, syncarpus, ovary superior, axile placentation, style single 

and simple stigma., compound ovary containing 3 to 5 cells, curved or anatropus ovule. 

 

FRUIT: Dry loculicidal capsule  

 

SEED: The seed is irregularly pear-shaped or pyriform. The integuments of the ovule become 

the seed coat. The boll or the capsule containing the seed, lint, fuzz is the end result of the 

development of the ovary as a  whole. The time from flowering to open boll takes 65 to 45 days. 



Lint is abundant on seed Commercial lint is white, very light in colour. Fuzz colour varies from 

light grayish or white or brownish making a covering in form of tuft at hilum end. Size and shape 

of boll differs with varieties. When boll is ripe, the capsule cracks and cotton expands greatly & 

fluffy mass is divided into 3-4-5 locks depending on carpel number. 

 

III. POLLINATION: Cotton is self pollinated, the amount of cross pollination ranges from 5 to 

25 percent. Pollen grain carried by insects results in cross pollination, when cotton plants are to 

be selfed, a small paper bag is placed over the bud in the afternoon before it opens, to prevent 

cross pollination. 

For artificial cross pollination, the corolla is cut away with small scissors and the anthers are 

removed. Pollen is collected from the male flower is short length of a Soda straw and is sipped 

down over the exposed stigma, after pollination a small tag is placed. 

 

IV. BREEDING OBJECTIVES: Principle characters in framing objectives are: 

1. Height and shape of plant 

2. Number and length of fruiting branch 

3. Length of fruiting period 

4. Boll diameter 

5. Boll length 

6. Early maturity 

7. Size of boll 

8. Number and weight of seed to the boll 

9. Lint percentage 

10. Lint index 

11. Total yield of lint 

12. Yield of seed 

13. Disease resistance 

14. Insect resistance 

 

V. METHODS OF COTTON BREEDING: 

1. INTRODUCTION: Search of genetic variability in available germplasm/cultivars of 

domestic stocks is and wild relatives very important before applying various breeding 

techniques. The procedure using gene exchange are: 

1. Hybridization of better varieties and better strains. 

2. Breeding under conditions of open pollination among selected breeding stocks. 

3. Type breeding, that is, pooling all similar progeny rows or selfed lines into one mixed 

lot and growing the bulk for few years. 

4. Mass selection of either open-or self-pollinated plants and bulking them for seed 

increase. 



5. Hybridizing of more combinable selfed lines and producing seed stocks directly from 

the hybrid. 

 INTERSPECIFIC HYBRIDS: 

Hybridization of species, except between G. hirsutum and G. barbadense and between G. 

arboretcum and G. herbaceum is important in cotton breeding. 

 HYBRID OF OF NEW WORLD CULTIVATED SPECIES: 

G.hirsutum and G. barbadense crosses have yielded several varieties. 

 

 CULTIVATED AND WILD HYBRIDS: 

A cross of a wild and cultivated species is of much interest in cotton breeding. 

 

 CATEGOREIS OF COTTON BREDING:  

Various procedures fall into three categories; 

 

1. MAINTAINING AND IMPROVING ESTABLISED TYPES: 

Breeding efforts are confined in making secondary selections in the established varietal 

breeding material self-pollinated schemes and open-pollinated breeding schemes are used 

here in better progeny-row lines or strains. 

 

2. NEW TYPES: 

New types for certain new needs as extra earliness, resistance to various abiotic & biotic 

stresses are necessary over old varieties. 

 

3. NEW CHARACTER ON OLD TYPES: 

Recurrent backcross method is generally adopted in a character transfer: 

 

 PLANT SELECTION SCHEMES IN COTTON: 

 

1. PRIMARY AND SECONDARY SECTIONS:  

The primary selection is the starter of a new series of plant selections and the secondary 

selections are subsequent ones. These are repeatedly made within the series to maintain & 

improve the varietal type. 

 

 FIELD AND LABORATORY SECTION OF INDIVIDUAL PLANT 

All plant selections are screened in field and laboratory for choosen characters. Finally fiber 

tests are conducted with selected plants. 

 

 MUTATION BREEDING: Genetic improvement through mutation breeding is also in 

practice in cotton. 

 



 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 stresses and other traits of agronomic 

importance. 

 

VI. TRADE VARIETIES OF COTTON: 

1. Hirsutum-arboreum type 

2. Hirsutum-arboreum-herbaceum type 

3. Herbaceum type 

4. Arboretum type 

 

VII. COTTON DISEASES: 

1. Fusarium wilt caused by Fusarium oxysporum F. vasinfectum (ATK) S&H. 

2. Nematodes of group Meloidogyne incognita var. acrita. 

3. Bacterial blight caused by Xanthomonas malvacearum Dawason. 

4. verticillium wilt caused by Verticillium albo-atrum R. and B. 

5. Phymatotrichum Root Rot caused by Phymatotorichum omnivorum Duggar. 

6. Anthracnose caused by Colletotrichum gossypii southworth. 

7. Ascochyta Blight caused by Ascochyta gossypii Sydow. 

8. Boll Rots caused by Alternaria sp., Fusarium moniliforme & Rhizopus spp. 

 

VIII. COTTON INSECTS: 

1. Ball weevil-Anthonomus grandis Boh. 

2. Leafwarm-Alabama argillacea (Hbn.) 

3. Pink boll-worm-pectinophora gosypiella (Saund). 

4. Boll worm-heliothis zea (Boddie) 

5. Stink Bugs-Nezara viridula (L.) 

 

IX. COTTON FIBERS: Fiber quality is checked on following parameters. 

1. Wall thickness of lint 

2. Perimeter of lint 

3. Strength of lint 

4. Strength index 

5. Strength and elongation 

6. Length of lint 

7. Fibre fineness 

 

X. COTTON CLASSING: Important factors are: 

1. Colour 



2. Leaf or foreign matter 

3. Ginning preparation 

4. Staple length 

5. Strength of staple 

6. Uniformity of lint length 

 

XI. GUIDE FOR COTTON CULTIVATION 

SOIL: Deep black cotton soils are well suited for the cultivation 

CLIMATE: Cotton is a tropical crop, it does not tolerate frost or cold. 

SEASON: July 15th To August 15TH  

SEED RATE: 2.5 TO 3 kg/ha (hybrid); 8-12 kg/ha (Normal crop) 

FERTILIZER: Nitrogen 150 kg/ha 

       Phosphorus 75 kg/ha 

       Potash 75 kg/ha 

SOWING: Dibble the seeds in rows 4, apart from seed to seed. Irrigate the crop at 10-20 days 

interval, depending on soil moisture. 

 

XII. PLANT PROTECTION SCHEDULE: 

Spray the crop with recommended insecticides to save the crop from pests. 

 EXPECTED YIELD:  30-40 q/ha (Hybrids) 

    15-25 q/ha (Normal crop) 

 

XIII. VARIETIES: Krishna, MCU-5, Khandwa-1, G-27, Sujata, Bharathi, Mahalaxmi, Hybrid-4, Sujay, 

Khandwa-2, EMA 143, K-8, RS89, Varalaxmi, GS-23, Kayan, Jaydhar, Digvijay, Sanjay, AK 235, AK 

277, Gujrat 67 Deviraj, B-147, MCU-1, J-34 Pramukh, Narbada, C-Indore 1. LH900, LD491, LH 1134, 

F846, F1054, LDH-11, 

 

PANTNAGAR VARIETIES: Shyamoli, Lohit Pramukh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



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 filed 

visit. 

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

 

 



JUTE (corchorus capsularis) 

I. SYSTEMATIC POSITION: 

KINGDOM : Plantae 

SUBKINGDOM : Phaneragams 

DIVISION : Angiospermae 

CLASS : Dicotyledonae 

SUB CLASS : Polypetalae 

ORDER : Malvales 

FAMILY : Tiliaceae 

GENUS & SPECIES : Corchorus capsularis 

 

GENUS & SPECIES:  

Species of  the genus: The genus corchorus includes about 40 species distributed throughout the 

tropics. The species are distributed in tropical regions of Africa, America, Australia, China, 

Formosa, India, Ceylon, Japan, Java, Philippine, Siam etc. the largest number of species are 

found in Africa. In India, only eight species are found. 

Indian species: 

Corchorus capsularis Linn. (cultivated) 

Corchorus olitorius Linn. (cultivated) 

Corchorus trilocularis Linn. (wild) 

Corchorus Urticaefolius Lam. (wild) 

Corchorus fascicularis Linn (wild) 

Corchorus depressus christen (wild) 

Corchorus tridens Linn. (wild) 

Corchorus aestuans Linn (wild) 

CENTRE OF ORIGIN: The primary centre of origin is Africa and the secondary centre centre 

may be India or Indo-Burma region fo rcorchorus olitorius. Centre of origin of Corchorus 

capsularis is Indo-Burma induding south China. 

II. DESCRIPTION: Corchorus capsularis 

 

HABIT: Annual herb, Plants 5-12 ft. tall, can with stand water-logging in later stages, 

duration 3-5 months. 



ROOT: Well developed deeply penetrated secondary roots 

 

STEM: Cylindrical, the colour of the stem varies from full green to dark red through various 

intermediate shades. Periderm is the basal portions. 

 

BRANCHING HABIT :  Branched or unbranched, axillary buds may or may not develop in 

to branches. 

 

LEAVES: Glabrous, usually 5 to 13 cm. x 2.6 to 8.2 cm, ovate, oblong, acuminate, coarsely 

toothed, lowermost pair of serrations enlarged and end in filiform appendage. Petiole 4 to 8 

cm varies in colour from green to dark red in different varieties. 

 

STIPULES: Stipule usually 0.5 to 2 cm or more, foliaceous in some varieties; tip coloured 

except in full green types; base coloured or green. 

 

INFLORESCENCE: Leaf-opposed condensed axillary Cymes in group of 2 to 5 or more, 

occurring on terminal and lateral branches. 

 

FLOWER: Small, 0.3 to 0.5 cm in length and 0.5 to 0.6 cm in breadth. Flowers in groups of 

two to three. 

 

SEPALS: 5 coloured or green, tips prolonged in flower buds. 

 

PETALS: 5 to 6, yellow or pale yellow, entire or split 

 

STAMENS: Stamens 20 to 30, anthers coloured, yellow or pale yellow, surround the stigma.  

 

GYNOECIUM: Ovary rounded, 5-carpelled, syncarpous, ovules axile, usually 10 in each 

locules in two rows giving about 50 ovules in each ovary, style 2 to 4 mm short and stout, 

stigma 2 to 3 fid, pubescent. 

 

FRUIT: A capsule, rounded, 1 to 1.5 cm in diameter, wrinkled, rarely smooth, muricate and 5 

locular seed 7 to 10 in two rows in each locule without transverse partitions, 35-50 in each 

fruit. 

SEED: Small, chocolate brown, 4 to 5 faced, weight about 300 seeds per gram, 35-50 seeds 

per capsule. 

 

ANTHESIS: 1 to 2 hours after sunrise. 

 



III. POLINATION MECHANISM: C.capsularis is self pollinated but usually below 5 percent 

cross pollination does take place. The pollen germinates on stigma within 30 minutes of 

pollination & fertilization takes 6 hours. 

 FIBRE QUALITY: The fibre of C. olitorius is fines, softer, stronger, lustrous, either 

yellowish, reddish or grayish colour depending upon nature o retting water. Fibre of C. 

capsularis is ordinarily whitish and called white Jute. 

 

 SELFING AND CROSSING TECHNIQUES : To protect the plant against foreign pollen, 

mesh cloth bags are being used for crossing, all buds in an florescence except the one to be 

emasculated should be removed. Emsasculation should be done 24 hours before the opening 

of flower ie. The previous day morning is the best time for pollination. The anther dehisce by 

longitudinal slits. Small sized oil paper bags should be put over flowers before and after 

pollination. The interval between the opening of flowers and the maturity of pod is about six 

weeks. 

 

 CHROMOSOME NUMBER: Somatic chromosomes -2n=14 

 

IV. JUTE BREEDING TECHNIQUE: Techniques of self pollinated crops are also applicable 

in Jute improvement. 

 BREEDING OBJECTIVES:  

1. Early flowering 

2. Height, thickness of stem & branching habit 

3. Enhancement in fibre content of plant 

4. Enhancement in seed yield 

5. Disease resistance 

6. Pest resistance 

7. Abiotic stress resistance. 

8. Improvement in quality of jute in terms of length, strength, colour, luster, percentage 

and quality of cutting etc. 

9. Lodging resistance 

 

V. BREEDING METHODS:  

 

I. INTRODUCTION: In order to make genetic improvement in native cultivars, wild and 

cultivated materials are introduced in the program. 

II. SELECTION: Following selection methods are applied in varieties/materials, where, 

improvement is desired. 

 

A. MASS SELECTION  

B. PURE LINE SELECTION 



 

III. HYBRIDIZATION: Following type of crosses are made. 

1. Intervarietal crosses 

2. Interspecific crosses between C. capsularis x c. olitorius 

3. Interspecific crosses using wild species 

4. Multiple crosses 

5. Back crosses 

 

IV. HANDLING OF MATERIAL AFTER HYBRIDIZATON: Following procedures are 

used in Jute also. 

1. Pedigree method of breeding 

2. Bulk-Pedigree method 

3. Inter and Intra population improvement through recurrent selection procedure 

V. MUTATION BREEDING: Genetic improvement through mutation Breeding is also I 

practice in Jute. 

 

VI. DISEASES OF JUTE: 

1. Stem rot diseases of Jute caused by Macrophomina phaseoli (maubl) 

2. Root rot disease of Jute caused by Rhizoctonia solani Kuhn. 

3. Soft rot of Jute caused by Sclerotium rolfsci Sacc. 

4. Black band disease  of Jute caused by Diplodia corchori 

5. Anthracnose disease of Jute caused by Colletotrichum Corchori 

6. Leaf spot disease of Jute caused by Cercospora corchorica 

7. Black spot diseases of Jute caused by Physoderma corchori 

 

VII. PESTS OF JUTE: 

1. Jute stem weevil-Apion corchori Marsh. 

2. Jute stem Girdler- Nupserha bicolar Thomas. 

3. Indigo catter pillar-Laphygma exigua Hbn. 

4. Jute hairy caterpillar-Diacrisia oblique wlk. 

5. Jute mealy bug-pseudococcus filamentosus Ckll. Var. corymbatus Gr. 

6. Root knot nematode-Heterodera marioni (cornu) Goodey 

7. Yellow mite of Jute- Hemitarsonemus latus Banks. 

 

VIII. QUALITY PARAMETERS IN JUTE; The following characters are usually assessed:  

1. Length of fibre 

2. Strength of fibre 

3. Colour of fibre 

4. Lusture of fibre 

5. Percentage and quality of cutting 



6. Fineness, stiffuess and handness of fibre 

 

IX. DEFECTS IN FIBRES: 

1. ROOTY OR BARKY CHARACTER: Due to this, dark strips of dried up periderm and gum 

remain sticking an to the fibre near the root ends, making in hard it hard and stiff. 

 

2. Hard centres: Fire is clean and soft at both ends but contains prominent dark strips of 

periderm in the middle portion. 

 

3. Runners: Defect is caused by incomplete retting, adherence of periderm to the fibre and 

careless washing. 

 

4. Hunka: Dark strips of perioderm and dried up gum are found to be sticking to almost the 

entire length of the fibre, making it very hand, rough and stiff. 

 

5. Specky and knotty: Fibre having small patches of barky matter and agglutinated portions her 

and there, 

 

6. Sticky: Fibre with broken pieces of wood or stick. 

 

7. Croppy: Fibre in which the top ends are comparatively hand and stiff. Such fibres usually 

results from an improper immersion during retting. 

 

8. Mossy: Fibre which shows moss-like material consisting of fine adventitious roots and 

extraneous vegetable matter. 

 

9. Dazed: Dull, lifeless fibre of inferior strength and poor spinning quality resulting from over 

retting. 

 

X. PHYSICAL CHARACTERS OF JUITE FIBRE: 

1. Structure and nature of fibre 

2. Dimensional character 

3. Meshiness character 

4. Hygroscopicity 

5. Swelling 

6. Strength 

7. Elastic properties 

8. Frictional properties 

9. Electrical properties 

10. Thermal properties 



11. Optical properties. 

 

XI. GUIDE FOR JUITE CULTIVATION: 

SOIL: The land is to be prepared well before sowing. 

 

FERTILIZERS:  Nitrogen 40-80 kg/ha 

   Phosphorus 20-40 kg/ha 

   Potash 30-60 kg/ha 

 

SOWING, SEED RATE AND SPACING: 

 

Seed is sown in rows @ 4-5 kg/ha for C. olitorius and 6-8 kg/ha for C. capsularis. Thin out to a 

spacing of 4-5 cm within a row at the stage when seedling grow to a height of 7-10 cm. three to 

five hoeing are necessary. 

 

IRRIGATION: Jute is normally a rainfed crop. During drought situation, irrigation is helpful 

 

HARVESTING; Harvesting should be done at optimum time of maturity of a variety. 

 

RETTING: The bundles should be kept standing in 30-60 cm. water for 2-3 days and then 

steeped in slow running clean water, at least 10 cm below the surface of water it takes 12-20 

days for complete retting. Clean and sleek fibre is obtained by beat-break or jerk method, single 

plant wise. 

 

XII. VARIETIES:  

A. CORCHORUS CAPSULARIS: Sabuj sona, JRC 321, Shyamali, JRC 212. 

B. CORCHORUS OLITORIUS: Baisakhi Tossa, chaitali Toss, Basudev. 

 

 

 

 

 

 

 

 



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. 

 

 

  



TOBACCO (Nicotiana tabacum) 

I. SYSTEMATIC POSITION 

KINGDOM : Plantae 
SUBKINGDOM : Phanerogams 
DIVISION : Angiospermae 
CLASS : Dicotyledonae 
SUBCLASS : Gamopetae 
SERIES : Bicarpellatae 
ORDER : Polemoniales 
FAMILY : Solnaceae 
GENUS & SPEICES : Nicotiana tabacum 

 

 ORIGIN: tobacco is native to the America 

 SPECIES OF GENUS NICOTIANA: Genus carries 60 species, which are grouped in three 

sub-group viz. 

I. Sub genus- Rustica 

II. Subgenus- Tabacum 

III. Subgenus- Petunioides 

 

CULTIVATED SPECIES: (A) Nicotiana tabacum (B) Nicotiana rustica 

CHROMOSOME NUMBER: Nicotiana tabacum-2n=48 

   Nicotiana glauca 2n= 48 

   Nicotiana alata 2n= 18 

   Nicotiana longiflora 2n= 20 

   Nicotiana gossei 2n= 36 

Nicotiana exigua 2n= 32 

Nicotiana rosulata 2n= 40 

II. DESCRIPTION: 

HABIT: Shrubs, woody habit of growth 

Root: branched tap root system 

Stem: Aerial, erect, woody, cylindrical branched, solid. 

Leaves: Cauline, ramal, exstipulate, petiolate, alternate, simple, entire, unicostate reticulate 

venation. 



Inflorescence: compect ‘Thyrse’ represented by a  thickened central axis, shortened 

branches and monopodial sympodial development peripheral flowers. 

Flowers; pedicellate, complete, hermaphrodite , actinomorphic, pentamerous, hypogynous 

Calyx: cylindric or cylendric campanulate 12-20 mm long sepals triangular, acuminate, 

shorter than calyx tube, unequal in length, sepals 5, gamosepalous, persistent, hairy. 

Corolla: pubescent on the outer surface and tube proper 10-15 mm long, and 2-3 mm wide, 

throat 25- 40 mm long lower half cylindric, pale green or creamy, upper half similar in 

colour or pink to red, expanded into deep cup 7-12 mm wide. Limb 10-15 mm wide lobed or 

pentagonal, white, pink or red petals 5, gamopetalous, 

Androecium: stamens 5, epipetalous, polyandrous alternate to petals, filaments inserted deep 

in corolla tube, anthers dithecous, usually basifixed, introrse 

Gynoecium: bicarpellary, syncarpous, ovary superior, bilocular, axile placentation, 

placentae  swollen, many ovules in each locule, ovary oblioquely placed, style simple, 

stigma bifid. 

Fruit: a capsule narrow, elliptic, ovoid or orbicular, acute, or blunt, 15-18 mm long. 

Seed: endospermic, nearly spherical or elliptic and light brown, seed are small, a single 

flower may yield 2,000 to 5000 seeds. 

 

III. POLLINATION: tobacco is a self pollinated crop. The cross pollination ranges from 4-20%. 

It is desirable to bag seed heads ot ensure self pollination. 

 Emasculation technique: the nearly mature flowers are emasculated by tearing the petals 

apart and plucking off the anthers either by hand or with small tweezers. Pollen from pollen 

parent is transferred ot the stigma  of emasculated flower on the point of knife blade. After 

being pollinated the flowers are marked and them bagged to keep out stray pollen. 

 

IV. OBJECTIVES IN BREEDING TOBACCO 

1. Yield –number, size and body of leaves 

2. Economic characters affecting leaf quality as flue cured tobacco, curing behavior, flavour, 

aroma, body texture, colour retention, burning quality toughness, storm resistance, scald 

resistance, uniformity ot ripening, alkaloid content. 

3. Disease and insect resistance 

 

V. BREEDING APPROACHES: breeding approaches are for improving tobacco tobacco 

quality of following types 

(i) Bidi tobacco 

(ii) Chewing tobacco 

(iii) Natu-tobacco 

(iv) Cheroot-tobacco 

(v) Jati-tobacco 

(vi) Lanka tobacco 



(vii) Wrapper tobacco 

(viii) Burley-tobacco 

VI. BREEDING PROCEDURE: Conventional procedures followed in autogamous plant are 

outlined here: 

1. Introduction 

2. Development of crosses 

3. Methods of studying progeny from crosses by line method, bulk or mass method 

backcrossing, 

4. Interspecific crosses 

5. Synthetic selections 

6. Hybrids. 

 

VII. DISEASES:  

1. Damping g off disease- Pythium aphanidermatum (edson) 

2. Anthracnose disease- Colletotrichum tabacum 

3. Black shank- Phytophthora parasitica var. nicotianae 

4. Powdery mildew-Erysiphe cichoracearum DC  

5. Forg-eye spot-cercospora nicotianae 

6. Brown spot-Alternaria longipes 

7. Tobacco etch virus 

8. Tobacco yellow net virus 

 

VIII. INSECTS: 

1. Stem borer-Scrobipalpa heliopa low 

2. White fu- Bemisia tabaci Gennaldius 

3. White grub-Lachnosterna serrata F. 

4. Green Peach aphid-Myzus persicae sulz. 

5. Capsule borer- Heliothis armigera F. 

6. Cigarette beetle- Lasioderma serricorne F. 

 

IX. VARIETIES:  

(i) F.C.V. to BACCO VARIETIES: CTRI spl, Delcrest, Virginia gold, white gold, hicks 

Virginia Spl, E-1, E-2. Jayasri, Godavari spl. 

(ii) LANKA TOBACCO VARIETIES : DR-1 

(iii) BURLEY TOBACCO VARIETIES: KY-51, KY-21 KY-58 

(iv) NATU TOBACCO VAREITIES: DG-3, DG-4, I 426, II 435 

(v) CIGAR TOBACCO VARIETIES: VV-2, KV-1 OLOR-10 

(vi) CHEROOT TOBACCO VARIETIES: OK-1,I-737 

(vii) CHEWING TOBACCO VARIETIES: I-64, PV-7, I-115, VTK-1, VR-2 HV67-18, 

Belapati, Anekiwi, Kattaliptti, Nagarbede, Guttigida, Guttigida, Jowari 



(viii) COUNTRY TOBACCO VARIETIES: Kunkumathiri, choutikudi, Anekiwi, S20, 

NPN 190 

(ix) HOOKAH & CHEWING TOBACCO VARIETIES: DP401, H.P. 6-18, H.P. 6-20, 

H.P. 63-3 

(x) HOOKAH TOBACCO VARIETIES: K-20, Anand-3, Anand-2, Anand 23, Anand-

119, GT-5, A-119 

 

X. GUIDE FOR TOBACCO CULTIVATION 

SOILS: Red soil, sandy loam rich in  organic  matter contents and well-drained soil are ideal 

for tobacco cultivation 

 

CLIMATE: Tobacco is cultivated under tropical an d subtropical conditions 

 

SESASON: April 15th  to June 15th  

 

SEED RATE: 10-15 grams/ha 

 

FERTILIZER: Nitrogen 40 kg/ha 

 Phosphorus 75 kg/ha 

 Potash 75 kg/ha 

 

NURSERY: Sow the seeds in nursery along with fine sand, cover the seed bed with paddy 

straw. The seedlings will be ready for transplanting in about 7-9 weeks. 

 

TRANSPLANTING: Transplanting the seedling on ridges and furrows at 60 cm  apart in 

planting pit. 

 

PLANT PROTECTION SCHEDULE: Spray with recommended insecticides the time of 

incidence of pests. 

 

EXPECTED YIELD: 

A. CURED LEAF: 700 TO 1000 kg/ha 

B. CHEWING: 1200 TO2000 kg/ha 

C. BEEDI: 700-1000 kg/ha 

 

 

 

 

 

 



LAB EXCERCIESE 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 fo the crop. 

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

visit. 

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

 

 

 

 

 

 


