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Definition/ Explain : (Terminology related to course) 

Agriculture: Agriculture is defined as an art of science of producing crops and livestock on a 

farm and their preparation and marketing for use by the human race. 

Agronomy: Agros=Field, Nomous = to manage. Agronomy is a branch of agriculture that 

deals with the principles and practices of soil, water and crop management. 

Crop: A crop is a species or variety that is grown to be harvested as food, livestock fodder, fuel 

or for any other economic purpose.  Or    

It is assembly or aggregates of useful plants which man can know to use. 

Seed: Seed is a dormant embryo with reserved stored food germinated under suitable climatic 

condition. 

Row crop: Crops which are grown in rows with uniform spacing throughout the field eg. 

Cotton, castor 

Cash crop: Crop grown for sale and brings money immediately eg. Cotton, tobacco. 

Intercropping: It is the practice of growing two or more crops simultaneously in different 

rows in the field. The most common objective of intercropping is to produce a greater 

yield on a given piece of land by making use of resources that would otherwise not be 

utilized by a single crop. 

Interculturing: Operations which are carried out in a standing crop with implements and 

hand tools are known as interculturing.  

Multiple cropping: It is the practice of growing two or more crops on the same space/ field 

during a single growing season/ year.  

Double-cropping:  It is the practice, in which a second crop is planted after the first has been 

harvested.  

Relay cropping: It is the practice, in which the second crop is planted in the first crop before 

it has been harvested. 

Mixed cropping: It is the practice of  growing two or more than two crops are together on 

the same piece of land at the same time eg. Mixing of seeds of Bajara + Cowpea + 

Green gram.  

Sole cropping: It is the practice of growing one crop variety alone in pure stands at normal 

plant density. 

Ratoon cropping : Ratoon cropping is the technique of allowing a crop to produce two crops 

of yield from one planting. 

http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Variety_(botany)
http://en.wikipedia.org/wiki/Harvest
http://en.wikipedia.org/wiki/Food
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http://en.wikipedia.org/wiki/Fodder
http://en.wikipedia.org/wiki/Biofuel
http://en.wikipedia.org/wiki/Crop
http://en.wikipedia.org/wiki/Agriculture
http://en.wikipedia.org/wiki/Growing_season
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Cropping pattern: The yearly sequence and special arrangement of crops and fellow on a 

given area. 

Cropping system: The cropping pattern used on the farm and their interaction with farm 

resources, other farm enterprises and available technology which determine their 

makeup. 

Crop rotation: Is the practice of growing a series of dissimilar types of crops in the same 

area in sequential seasons for various benefits, such as to avoid the increase of 

pathogens and pests and efficient utilization of soil nutrients. 

Fiber crops: The field crops grown for their fibers, which are traditionally used to make 

paper, cloth, or rope. eg. Cotton, Sunhamp 

Forage crops: Crop grown primarily for livestock feed and it is harvested either for hay, 

silage, green feed or grazing eg. Lucerne, Fodder cowpea. 

Field residues: The materials left in an agricultural field or orchard after the crop has been 

harvested. These residues include stalks and stubble (stems), leaves and seed pods.  

Cereals: The grasses crops of the monocot families (Gramineae) cultivated and harvested for 

the edible grains and used as human food. eg wheat The fruit seeds of cereals is 

botanically, called a caryopsis.  

Millets: The group of small-seeded species of cereal crops or grains, widely grown around the 

world for food and fodder.  

Green manuring: Green manuring is the practice of ploughing or turning of  undecomposed 

green plant tissues into the soil the for the purpose of improving physical structure as 

well as fertility of the soil. 

Pulse: It is an annual leguminous crop yielding from one to twelve seeds of variable size, 

shape, and color within a pod used for food and animal feed. (Latin "puls", from greek 

"porridge") 

Nitrogen fixation:  Generally refers to the natural process, either biological or abiotic, by 

which nitrogen (N2) in the atmosphere is converted into ammonia.  

Dry farming:  It is the profitable production of useful crops, without irrigation on lands that 

receive annually a rainfall of 500 mm or less.  

Husk (or chaff): The outer cover of a grain of paddy, removed by threshing and winnowing 

which can be used for fuel.  

Irrigation: Artificial application of water in field (other than rainwater) for cultivation of 

crops from groundwater or by diversion of surface water or from a storage tank or 

reservoir. 
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http://en.wikipedia.org/wiki/Monocotyledon
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http://en.wikipedia.org/wiki/Caryopsis
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Puddling : Puddling is ploughing the land with standing water so as to create an impervious 

layer below the surface to reduce deep percolation losses of water and to provide soft 

seedbed for planting the paddy. 

Transplanting : It is the practices of planting of the young seedling from nursery bed to well 

prepared field.  

Parboiling :  It is a process in which paddy is soaked in hot water and then dried in    

             sun light for  keeping moisture up to 14 per cent and milled.   

             Hull:  The lemma and palea together are known as hull. The grain is tightly enclosed    

                         by the lemma and palea.  

Seed rate:  Amount or quantity of seeds in kg or gram required to sow the unit area of field. 

Seed bed: The seed bed is the place where the seeds germinate and the medium from which 

the resulting plant through their roots secure moisture and mineral nutrients. 

Planking: A tillage operation carried out before sowing the crops for smoothening  and cover  

the seeds after sowing.  

Ploughing:  A tillage operation carried out with the help of tractor or animal drawn 

implements’ plough” which involves turning over the top soil that helps to buries 

surface debris and loosens the soil, so that seeds can be sown  

Germination:  Process by which the plant embryo within the seed resumes growth after a 

period of dormancy and the seedling emerges under favourable conditions. 

Earthing up: Earthing up is an operation carried out with the country plough or ridge plough 

or manually so as to form ridges at the base of the crops to provide extra support 

against lodging of crop. 

Gap filling: Re-sowing or replanting or re-transplanting in sown, planted or transplanted 

field crops where gapping of plants found to maintain plant population. 

Weed: A weed is an unsightly, useless or injurious plant growing where it is not desired and 

something else should grow. 

Thinning : It  is a removal of some excess plants, or parts of plants from thickly populated 

crop field  to make space  for the growth of individual plant. 

Seedling: Young plant developing out of a plant embryo from a seed.  

Tassel:  The male portion of the maize flower is called the tassel.   

Fertilizers: Fertilizers are artificial made soil amendments in which nitrogen, phosphorus, 

potassium and other micronutrients nutrients are added in smaller amounts which are 

applied to soil for plant growth.  

http://www.answers.com/topic/seed
http://en.wikipedia.org/wiki/Plant
http://en.wikipedia.org/wiki/Seed
http://en.wikipedia.org/wiki/Soil_amendments
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Phosphorus
http://en.wikipedia.org/wiki/Potassium
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Drainage: It is the natural or artificial removal of surface and sub-surface water from an area 

to improve agricultural production or to manage water supplies. 

Vapsa condition: It is a optimum moisture condition in the field for carrying out different 

agricultural operations easily and efficiently. 

Drilling: It is the process where a seeddrill sows crop seeds into rows in the soil, before 

covering them up. 

Diblling: It is the method of sowing of crops with the help of labour or dibbler when specific 

spacing and number of plants are to be maintained between two rows and within the 

rows. 

Nursery: It is a place where plants are propagated and grown to usable size. 

Rice bran: The outer layers of the grain of cereals such as wheat, removed during the 

process of milling and used as a source of dietary fiber. 

Retting : Retting  is  a process by which the fibres in the  bark  get lossened  and separated 

from the woody stalk. It is a microbial process affected by various aerobic and 

anaerobic micro-flora. 
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(A) CEREAL CROPS 

            The word  Cereal derives from Ceres, the name of the Roman goddess of harvest and 

agriculture. Cereals are grasses (members of the monocot family Poaceae, also known as 

Gramineae) cutivated for the edible components of their grain (botanically, a type of fruit 

called a caryopsis),composed of the endosperm, germ and bran.Cereal grains are grown in 

greater quantities and provide more food energy worldwide than any other type of crop, they 

are therefore staple crops.      

 

1 RICE 

Botanical name : Oryza sativa L. 

Family :  Rice belongs to genus oryza of gramineae (poaceae) family 

Origin :               

Rice is regarded as a first cultivated crop of Asia. Preserved rice grains were found in 

China around 3000 B.C. Paddy grains found during excavation at Hastinapur (India) around 

1000-750 B.C., considered as a oldest sample in the world. Vavilov (1926) concluded that 

south- west Himalaya has various types and varieties and indicated probable center of origin. 

Thus, based on all these archaeological evidence, India is considered center of origin of Rice. 

Area and distribution 

Important rice growing countries in the world are India, China, Bangladesh, Korea, 

Japan, Pihilippines, Burma and Srilanka etc.  

Among the rice growing countries, India has the largest area (41.92 million 

hectares,2010-11) followed by China and Bangladesh. In respect of production, India ranks 

second with 89.09 million tonnes of paddy next to China. Average rice yield of India was 

only 2125 kg/ha (2010-11).   

In India, rice is grown in almost all the States.  Kerala, Andhra Pradesh, Orissa, Bihar, 

Uttar Pradesh, Madhya Pradesh, Punjab and West Bengal lead in the area, while West Bengal 

and Punjab have the highest rice production. The average yield per hectare was the highest 

(4014 kg/ha) in the Punjab state during the year 2010-11.         

         In Gujarat, rice is grown in about 7.0 to 7.5 lakh hectares, of which 53 % of the total 

area is under drilled and 47 % area is under transplanted rice crop. It is grown throughout 

state except Kutch district. Saurashtra and some parts of the State is growing rice as drilled, 

while transplanted rice is taken in South and middle Gujarat, where assured irrigation 

facilities are available because transplanted rice requires submerged conditions (standing 

water). These both regions have assured irrigation facilities in summer season also and hence 
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summer paddy cultivation is popularized in these regions (Valsad, Surat, Khedaand and 

Navsari districts). Drilled paddy is known as upland paddy and transplanted paddy is known 

as low land paddy. The average productivity of rice in Gujarat was 1548 kg/ha during 2012-

13. 

Economic important 

    Rice is the staple food of more than 60 per cent of the world’s population. About 90 

per cent of all rice grown in the world is produced and consumed in the Asian region 

(southeastern Asia).  The protein content of milled rice is usually 6 to 7 per cent. Rice grain 

also contains as much Vitamin B as contained in wheat.  Milled rice looses valuable proteins, 

Vitamins   and minerals in the milling process, during which the embryo and aleurone layer 

are removed. Much of the loss of nutrients can be avoided through parboiling process, in 

which paddy is soaked in hot water and then dried in sun light for keeping moisture up to 14 

per cent and milled. Steam paddy is known as parboiling.  

      The by-products of rice milling are used for a variety of purposes.  Rice bran is used 

as cattle and poultry feed. Rice hulls can be used in manufacture of insulation materials, 

cement, and cardboard and are also used as litter in poultry keeping.  Rice straw can be used 

as cattle feed as well as litter during winter, manufacturing of mat rope and for covering the 

thatched houses.  

Hull:  The lemma and palea together are known as hull. The grain is tightly enclosed by the 

lemma and palea.  

Climatic requirements 

Rice is a heat and water loving plant requiring high temperature and adequate 

moisture supply. For germination, a minimum of 10 ºC and for flowering a temperature of 

22-25ºC is considered as an optimum. Grain formation takes place at 20-21ºC. Low 

temperatures particularly during 10-11 days before heading causes considerable loss in grain 

yield because of sterile spikelets. A ripening temperature should be in between 20-25  ºC.  It 

is best suited in regions having high humidity, prolonged sunshine and an assured supply of 

water. The average temperature required throughout the life period of the crop ranges from 

21 to 37 ºC. The crop requires higher temperature at the time of tillering than for growth.   

Photo periodically rice is a short day, thermo sensitive plant but there are many 

varieties developed which are thermo insensitive.  It is mainly grown in areas receiving 1000- 

1500 mm rain. Crop needs heavy rains (125 mm) during vegetative phase and 200 mm 

monthly rain for low land and 100 mm for upland rice.  In India, it is grown from 8 to 35º 

north latitude and from sea level to the mountainous region up to 3000 meters. Heavy winds 
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especially after heavy rainfall or heavy irrigation results in severe lodging. Where winter 

temperatures are fairly low, only one crop of rice is taken during kharif season.  There are 

three seasons for growing rice in India but in Gujarat, now days rice is taken in kharif and 

summer seasons where assured irrigation facilities are available. The rice variety IR 28 is a 

non-sensitive to the photoperiod and is grown in any temperature and time period.  

Soil 

          Soils having good water retention capacity with good amount of clay and organic 

matter are ideal for rice cultivation.  Clay or clay loams soils are most suited for rice 

cultivation. Rice being a semi-aquatic crop grows best under submerged conditions. A major 

part of rice crop in the state is grown under low land conditions. It grows well in soils having 

a pH range between 5.5 and 6.5 including alkaline and acidic soils.  

Wet nursery raising for transplanted Paddy :  

Seed and seed treatment : 

➢ Select the certified seed for sowing 

➢ For fine grain varieties, 20-25 kg seed and for coarse varieties, 25-30 kg seed would 

be required to raise seedlingsin 10 Guntha area, which is enough for one hectare.  

➢ Dry seed treatment : Seeds should be treated with thiram or carbendazim 25 S.D. @ 

3 g/kg seed. 

➢ Wet seed treatment : Soak the seeds ( 25 kg ) in streptocycline@ 6g/24 lit water for 

10 hours.After soaking the seeds, they should be dried for sowing. 

Nursey        

➢ Select the well drained and leveled field having better irrigation facilities 

➢ Usually nursery area for rice is about one tenth of the main field area. About 1000 sq. 

m. area of nursery is sufficient to transplant one hectare. 

➢ Flats type of beds are prepared easily in sandy loam type of soils. Whereas, raised 

type of beds are mostly preferred in heavy black soils which have poor drainage 

capacity. The basal measurement of beds should be 10 m x 1m. Length of beds should 

be kept according to the slope of nursery.  

In between the raised beds, a drainage channel of about 30 cm width is 

provided.The surface of the bed is smoothened with gradual inclination towards both 

sides to facilitate easy drainage of water. 
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➢ Apply the manures and fertilizers as below for bed of 10 sq.m. 

Sr. 

No. 
Fertilizer application 

For 10 sq.m. of 

bed 

For 1000 sq. m. (10 

Guntha) of nursery area 

1 Basal : 

Well decomposed F.Y.M. 

castor cake 

Ammonium Sulphate 

Single Super Phosphate 

 

20.000 kg 

 1.000 kg 

 0.250 kg 

 0.500 kg 

 

2000 kg 

100 kg 

  25 kg 

  50 kg 

2 Top dressing : ( 15 DAS ) 

Ammonium Sulphate 

 

 0.250 kg 

 

  25 kg 
 

➢ Keep the nursery wet by sprinkling water with water cane or give light irrigation till the 

germination of seeds. 

➢ Weeding in time is the important operation. Spray pendimethalin @ 1.0 kg/ha or 

oxadiazon o.5 kg/ha or pretilachlor @1kg/ha with sand after 3 days of sowing for control 

of weeds.  

➢ Application of Carbofuran 3G @ 10 kg / 10 Guntha 15 DAS  

➢ After care should be taken for plant protection measures.  

Time of seeding in nursery and T.P. in field 

Sr. 

No. 
Seasons 

Time of seeding 

in nursery 

T.P. time 

in field 

Age of 

seedlings 

1 Kharif First fortnight of June First fortnight of 

July  

25-30 days 

2 Summer Last week of November to  

First week of December   

First fortnight of 

February 

50-55 days 
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  Dapog Nursery:  

• This method of raising nurseries has been introduced in India from Philipines. 

• This involves growing seedlings on a concrete floor or on a raised bed of soil covered 

with polyhtene sheets or banana leaves. 

• The polyhtene sheets prevent entry of roots into the soil.  

• The dapog beds should be about 1- 1.5 m wide and its length depends on the area to 

be planted. 

• Pre-germinated seeds are sown on the top of the sheets @ 2.0 kg/sq.m.of nursery.  

• Water is sprinkled and the seeds are pressed gently with hand or with a wooden flat 

board twice a day for the first 3-6 days. 

• This helps the roots to remain in contact with water retained on the surface and 

prevents drying. 

• After 6 days, the seed beds are watered upto a depth of 1-2 cm.     

• In about 14 days, seedlings are ready for transplanting. Besides, the seedlings are thin, 

slender and short in height. 

• The main merit of this method is that less area (30-40 sq.m.) is needed to raise 

seedlings sufficient for planting one hectare. 

• By this time,the roots are well developed and interwine with one another so that the 

nursery can be cut into stripes, rolled and transported easily to the planting site.  

• Loosen the interlocked roots carefully before  transplanting. 
 

Method of transplanting 

Generally two seedlings / hill are recommended at 20 cm x 15 cm distance under 

normal conditions. When old seedlings are to be transplanted, more seedlings i.e. 3 to 4 

seedlings/hill should be planted, because older seedlings produce less number of tillers.   

There are two methods of transplanting in vogue  (1) random (30-35 seedlings/sq.m.and (2) 

line sowing - 20 cm x 15 cm or 15 cm x 15 cm ( 1-2 seedlings/ dibble). Gap filling should be 

completed within 8 to 10 days after transplanting.  

          In reclaimed salt affected coastal soils of south   Gujarat, transplant 9 seedlings/hill at 

15 cm x 10 cm for higher yield as this type of soil affects tillers. 
 

Depth of transplanting 

          Tillering takes place at the first stem node above the root. If the seedlings are planted 

deeper than 5 cm, tillering takes place at a node near the soil surface 2-5 nodes above the first  
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stem node.  The tillers arise from the upper nodes are generally weaker than those from the 

lower nodes, besides there is a delay in the formation of tillers.  Therefore, planting at 

medium depth i.e. 3 to 5 cm is preferable as compared to deeper planting as it ensures a fairly 

good set of ancillary attributes which contributes to high grain production in coastal 

reclaimed saline-alkaline soil. 
 

Manures and fertilizers  

      Farmyard manure @ 10 t/ ha should be given at the time of field preparation. 

Fertilizers 

(1)  For early maturing varieties  

N (kg/ha) P2O5 (kg/ha) K2O (kg/ha) Stage of application 

20 25/30 0 Basal at the time of puddling (25% N) 

40 0 0 At tillering (50 % N) 

20 0 0 Earhead emergence (25 % N) 

80 25/30 0 Total  

 

(2)  For midlate maturing varieties  

N (kg/ha) P2O5 (kg/ha) K2O (kg/ha) Stage of application 

25 25/30 0 Basal at the time of tillering (25 % N) 

25 0 0 At tillering (25 % N) 

25 0 0 Jointing stage (25 % N) 

25 0 0 One week before earhead emergence   

(25 % N) 

100 25/30 0 Total  

 

(3)  For late maturing varieties  

N (kg/ha) P2O5 (kg/ha) K2O (kg/ha) Stage of application 

30 25/30 0 Basal at the time of puddling (25 % N) 

30 0 0 At tillering (25 % N) 

30 0 0 Jointing stage (25 % N) 

30 0 0 One week before earhead emergence 

(25 % N) 

120 25/30 0 Total  

 

  Note : 25 kg P2O5 / ha for middle Gujarat and 30 kg P2O5 / ha for south Gujarat 

                25 % higher fertilizer dose for salt affected soil 
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Apply 10 t/ha green azolla as green manure at the time of first weeding under middle 

Gujarat conditions. In south Gujarat conditions, broadcast 1 tonnes green azolla after 1 week 

of transplanting and buried it into soil (after growth) at the time of first weeding or broadcast 

10 kg blue green algae/ha before transplanting, if azolla is not available.   

Nitrogenous fertilizers are highly soluble and in mobile form so easily   lost by   

leaching, volatilization   and denitrification. The efficiency of chemical fertilizers N is 30-35  

% in rice, 45-60 % in wheat, 18-63 % in maize and 18-35 % in cotton.  These figures indicate 

that about 50 to 75 % of the applied N to the soil never became available to the crop plants.   

Therefore, it is always desirable to place   the nitrogenous fertilizers at a depth of 10 cm i.e. 

into the reduced zone so that the loss of N through volatilization can be reduced. The highest 

rate of volatilization occurs during the first 2-3 days of fertilizers application. 

Secondly, the low efficiency is through losses due to leaching of nitrate nitrogen with 

the heavy irrigation on sandy soils or through denitrification in the form of elemental N in 

water logged conditions. To overcome this loss of N, ammonium sulphate or Neem Coated 

Urea (NCU) should be preferred over application of urea alone. To reduce denitrfication 

losses, ammonical N should only be given to soils having low pH ( 4). 

Generally nitrogenous fertilizers are applied in the form of ammonium sulphate or 

urea.  Before application   of   N fertilizers in the form of urea, the water is drained away 

from the field and again the field is filled in with water after 2-3 days of fertilizer application. 

Zn deficiency 

          Usually Zn deficiency is observed in salty and sandy soils, so apply 25 kg ZnSO4 in 

the soil before transplanting or if it is observed in the field crop, spray 0.5 % ZnSO4 solution 

on leaves. 

Irrigation 

      Continuous submergence irrigation water reduced the grain yield so water should be 

filled 5-7 cm depth upto flowering stage in the field. Alternate submergence and drainage are 

followed during this stage.After this stage,the field should be submergenced to a depth of 5-7 

cm. Water must be drained out 2-3 weeks before harvest of crop to hasten ripening of grains 

and to promote favourable condition for harvesting. Rice being a semi-aquatic plant requires 

more water during life period so that it is also known as water loving plant. 

Interculturing and weeding 

            First 40 days are critical for crop-weed competition.  So weeds should be controlled at 

30 days after transplanting with the help of hand rotary or Japanese paddy weeder. Weeding 
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should be done before top dressing of N fertilizers. For chemical weed control, pendimethalin 

@ 1.0 kg/ha or oxadiazon @ o.5 kg/ha or pretilachlor @ 1kg/ha in 500 liters of water should 

be sprayed as pre-emergence or  broadcast by mixing with 100 kg sand within 3 days of 

transplanting. Broadcasting of herbicide should be done only if the water is stagnated in the 

field. The field should not be disturbed for 10-15 days after applying the herbicide. Hand 

weeding should be carried at 30 days of transplanting. 

Cropping system:  

 Rice – Wheat, Rice, Rice (S), Rice – Gram 

 Rice – castor (Semi-rabi), Rice – Groundnut (S) 

 Rice – Mustard, Rice – Cumin 

            Rice – Indian bean        

            Rice – Lucerne (Anand 2) (Fodder + seed  production) 

Crop Rotation: Rice – Banana/ Sugar cane  

Plant protection measures 

Pests 

Jassids, Stem-borer, Gall midge, Rice hispa, Leaf roller, Army warm, Mole cricket, 

and Plant hopper 

Diseases 

           Paddy blast, False smut, Brown spot, Stem rot, Blight, Kolat (yellowing of seedling). 
 

Varieties for Transplanting 

1  Early maturing varieties (80-100 days) 

    Sukhvel 20, GR 3, GR 4, GR 6, GR 7, GR 12,Gurjari, IR 28,GAR 2,GAR 3 and Mahisagar 

2  Midlate maturing varieties (100-120 days) 

    GR 11, Jaya,IR 22,GR 103, GAR 13, GAR 1( Scented),Dandi, SLR 51214 (Salt resistant) 

3  Late maturing varieties (130-140 days) 

    ( i ) Non- scented : Masuri 

    ( ii ) Scented : GR 101,GR 102, Narmada and GR 104  

Following varieties have been released by Navsari Agril. University. 

NAUR 1,GNR 2,GNR 3,GNR 4 (Bio fortified for high iron and dietary fiber content),GNR 5    

(Salt resistant), GNR 6  
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Hybrid rice 

       Hybrid rice is a land mark technology development in China.Professor Yuvan Long 

Ping, the father of hybrid rice revolution in China,developed the first hybrid rice.With the 

advent of male sterile lines, efforts to develop hybrid rice technology has been successful 

during last four to five years with release of hybrids for commercial cultivation. Rice hybrids 

APHR-1, APHR-2 and BRRH-1 for AndhraPradesh, UPHR-17 for UttarPradesh, MGR-1, 

CORHI-1 and ADTRH-1 for TamilNadu, KRH-1 and KRH-2 for Karnataka, CNHR-3 for 

West Bengal and KJTRH-1 for Maharashtra have been already releases by the state as well as 

Central variety release committee. Rice hybrid viz.,GNRH 1(2016) was developed by NAU. 
 

Low cost technology of paddy cultivation with sprouted seeds 

 This is an alternate method of paddy transplanting developed by International Rice 

Research Institute, Philippines and later on recommended for middle Gujarat and south 

Gujarat. 
 

Advantages of this method 

This method saves labour, time and cost of nursery raising and gives about 30-35 % 

more profit as compared to transplanted paddy. It also saves about 20 % of water and 30 % 

labour cost besides giving 10-15 % (1 tonne) more yield than TP paddy. This method helps in 

maturing the crop 10-20 days early than TP paddy. 
 

Field preparation: 

Before carrying out the field operations, green manure crops like dhaincha (50 kg 

seeds/ha) or sannhemp  (100 kg seeds/ha) should be sown in last week of May and it should 

be buried in the soil 35-40 days after sowing before flowering with disc harrow or tractor 

drawn plough. For rapid decomposition of green manure crop, full dose of phosphatic 

fertilizers should be applied in the soil and about 4-5 cm of water should be given in the field 

which helps in easy decomposition of green manure as well as weed plants and stubbles of 

the previous crop.  Before transplanting, the field should be puddled by three to four runs of 

puddler in 4-5 cm standing water followed by planking for levelling.  

Advantages of puddling 

1) Drainage can be reduced as the sub soil layer may become impermeable.  

2) Seedlings can set easily in soil. 

3) Weeds can be destroyed. 

4) Manures and fertilizers can be well mixed in the soil. 
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WET LAND SUMMER RICE CULTIVATION 

         Summer rice is being cultivated in the districts of Surat, Valsad and Kheda where 

assured canal irrigation facilities are available. The area under summer rice is increasing year 

after year. 

Selection of variety 

      GR 11, IR 22, IR 28, GR 3, GR 4, GR 103, Jaya, Gurjari, GR 7 and GAR 13 (For 

middle and south Gujarat) 

(A)  Raising nursery 

(1) Sowing should be done in last week of November to first week of December. 

(2) Seedling should be raised as per transplanted rice. 

(3) For early germination, sprouted seeds should be used. 

(4) Nursery area should be covered by plastic sheet or gunny cloth for the protection 

against cold wind and 3-4 lines of windbreak crop (Sevari) is grown on all the sides of 

the nursery area. 

(5) Seedling growth is suppressed due to cold condition; therefore, single super phosphate 

is applied for enhancing the root growth. 

(B)  Transplanting 

(1) Puddling should be done before transplanting. 

(2) Transplant 50 - 55 days old seedlings. 

(3) Transplant 2-3 seedlings per hill. 

 (4) Transplanting is done at 15 cm x 15 cm distance. 

(5) Transplanting should be done in first fortnight of February. 

 (C)  Manures 

              Apply well decomposed FYM or compost @ 10 t/ha in the soil before puddling. 
 

 (D)  Fertilizers 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

60 25/30 0 At puddling 

30 0 0 At tillering 

30 0 0 At panicle initiation  

120 25/30 0 Total  

   

Note :  25 kg P2O5 / ha for middle Gujarat and 30 kg P2O5 / ha for south Gujarat 

               25 % higher fertilizer dose for salt affected soil 
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 (E) Irrigation  

 Scheduling of irrigation for bumper yield of rice is as under: 

 Stage of Crop Growth    Depth of standing water in kyari (cm) 

 Transplanting for establishment of seedlings            2 to 3  

 Panicle initiation to before week of harvesting 5 to 7  

 (E)  Plant protection 

           Generally stem borer and wilt disease are observed in summer paddy. 

Drilling method is also practiced for low land rice cultivation. 

DRILLED/UPLAND/RAINFED RICE CULTIVATION 

           Area under drilled paddy in Gujarat is about 4.0 lakh hectares. 

 (1)  Selection of variety: Select early maturing and moisture stress resistant varieties like 

GR 3, GR 5, GR 8, GR 9,   Sukhvel 20, Purna,Ashoka 200-F,AAUDR 1 (DDR 97), 

IR 28  

 (2) Seed rate : 50- 60 kg/ha           

 (3)  Spacing : 30 cm between rows. 

 (4)  Manures and fertilizers : Well decomposed FYM @ 10 t/ha should be applied. Out of 

50 kg N and 25 kg P2O5/ha, 25 kg N and full dose of P2O5 should be applied before 

sowing the crop when there is sufficient moisture present in the soil. Remaining 25 kg 

N/ha should be applied through Ammonium Sulphate at 30-40 DAS. 
             

If moisture stress occurs, second top dressing of N is not applied under prolonged 

drought condition. Plant protection measures and other field operations are carried out as per 

kharif-transplanted rice. 

    Research Stations: 

World : IRRI  International Rice Research Institute, Manila, Philippines 

India : CRRI  Central Rice Research Institute, Cuttak, Orissa 

Gujarat : MRRS  Main Rice Research Station, Nawagam,Dist: Kheda and                                                        

                                                Navsari 

Sub Research Station :            Vyara, Dabhoi, Derol, Ubharat and Waghai 

System of Rice Intensification (SRI)  

SRI was developed in Madagascar by a French priest, Father Henri de Laulanie S.J., 

who spent 34 years (1961-1995) working with farmers there to improve rural livelihoods 

through increased rice productivity. The main practices of SRI were synthesized by the mid-

1980s.Using the SRI methodology, yields are increased by 20-50 % or more, while reducing 
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inputs: seed by 90%, irrigation water by 30-50%, chemical fertilizer by 20-100 % (Prasad, 

2006) and usually reduced need for pesticides. For the farmer, SRI brings greater returns to 

labour, land and capital. So, SRI was referred to as 'Transformed Rice Cultivation'. 
 

Details of SRI Technology 

1.  Land preparation : Apply 5 t FYM ha-1 and plough the field 

2.   Suitable varieties  
 

Any variety / hybrid 

3.   Seed rate   
 

5 kg seed /ha 

4.   Nursery raising  
 

 
Apply layer of fine manure on seed bed. Distribute pre-

sprouted se  seeds and cover with them with layer of fine 

manure. Seed bed should be mulched with paddy straw. 

About 100 sq. m. area of rs nursery is sufficient to 

transplant one hectare 

5.   Age of seedling 
 

1   12 -14 days old seedling (Two leaves stage)     

6.  Transplanting : 
 

Transplant one seedling per hill (25 cm x 25 cm). The 

root of the seedling should not be disturbed. 

Transplanting should be done a day after puddling the 

field having no standing water. Transplanting should be 

done from last fortnight of June to  First fortnight of July. 

7.  Nutrient Management :  

     Fertilizer dose : 25 % RDN through chemical fertilizer and remain 75 % 

through  

organic manure   

     Bio-fertilizer : Liquid biofertilizer @ 1 lit/ ha each of Azotobactor  and 

PBS  after mixing with 50 kg well decomposed & sieved 

FYM, broadcast it equally at the time of transplanting. 

8.  Weed Control : Use cono-weeder/ rotary weeder 4 times at an interval of 

10 DATP for weed control. 

9.  Water Management : A light irrigation should be given after transplanting 

when hair like crack of soil has been seen. Keep standing 

water (5 cm) from 50 % flowering to maturity 

stage.Water should be drained 10-15 days before 

harvesting. 
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Healthy plants in SRI is because of ……….. 

➢ Large root volume 

➢ Profuse and strong tillers 

➢ Non loding 

➢ More and well filled spikelets with higher grain weight 

*********** 
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2 M A I Z E  (C O R N) 

Botanical Name: Zea mays L. 

Family:  Gramineae (Poaceae ) 

Origin: Central America and Mexico. It has introduced into India by the 

Portuguese during the seventeenth century.  
 

Area and distribution 

          Maize, popularly known as corn is one of the most important cereals of the world. 

The important maize growing countries are U S A, Brazil, China, Mexico and India.  

         In the world, maize is cultivated in about 115 million hectares with the production of 

about 290 million tonnes of grains. Whereas in India, this crop was grown in about 9.4 

million hectares during 2013-14. In terms of area and production, it ranks next only to rice, 

wheat, jowar and bajra. 

          The cultivation of maize in India is confined mainly to the States of Orissa, AP, 

Punjab, Karnataka, Uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh and Gujarat.The highest 

productivity of maize was in Uttar Pradesh during 2015-16. In Gujarat, maize was grown in 

about 3.73 lakh hectares with an annual production of 6.25 lakh tonnes of grains. It is grown 

in the districts of Panchmahals, Sabarkantha, Banaskantha and part of Vadodara and Kheda.   
 

Economic Importance 

          Over 85 per cent of its production in the country is consumed directly as human food 

in various forms such as chapaties (commonest preparation), green roasted cobs (ear heads) 

and popcorn. It is also a good feed for poultry, piggery and other animals. Maize crop 

furnished huge quantities of green fodder for cattle.  Maize crop   supplies raw materials to 

various   industries   for manufacturing starch, alcohol, glucose, acetic acid, dyes, synthetic 

rubber, resin etc. Maize grain contains about 10 % protein, 4 % oil and has significant 

quantities of Vitamins A and E. Types of maize based on the composition and endosperm, 

maize is divided into following groups. 
 

1) Dent corn (Zea mays indentata, sturt) 

 Dent corn is the most widely grown type in the USA, Canada and Australia. It is 

characterized by a depression or dent on the top of seed, which has soft starch. The 

sides of the seed have hard starch. Rapid drying and shrinkage of soft starch results in 

denting. 
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2) Flint corn (Zea mays indureta) 

 Flint corn is widely grown in Europe, Asia, South America and Central America. The 

kernels are hard and smooth containing soft starch surrounded by hard starch. Often-

earlier maturity and earlier vigor and more tillers than dent. 

3) Sweet corn (Zea mays saccharata sturt) 

 Translucent and wrinkled kernels characterize sweet corn maize when it matures. It is 

grown primarily in USA where cobs (ears) are picked green for canning and table use 

as they contain about5 % sugar as compared to 2 per cent in dent type and 2.3 % in 

flint type (Cv.Madhuri).  

4) Pop corn (Zea mays awerta sturt) 

 Popcorn is an extreme form of flint containing a very small proportion of soft starch 

surrounded by hard starch. The ability to pop seems to be conditioned by the hard 

starch where the starch grains are embedded in a tough calcite colloidal material, 

which confines and resists. The steam pressure generated   within the grain upon 

heating until it touches explosive force. It contains even higher percentage of hard 

starch than flint corn (cv. Amber). 

5) Flour corn or soft corn (Zea mays amylacea) 

     The endosperm consists largely of soft starch with little or no hard starch 

6) Waxy corn (Zea mays ceretina kulesh) 

 The kernels appearance is waxy. A starch molecule differs considerably from that of 

other types and resembles glycogen. The starch is gummy and has some of the 

characteristics of tapioca.  
 

Climatic requirement 

Maize is essentially a warm weather crop. It is grown under extremely divert 

conditions, (wide adaptability) ranging from tropical to temperate regions. It is widely 

cultivated from the sea level upto altitude of 2500 m. It can be successfully grown where the 

night temperature does not go below 15.60 C (600 F). It cannot withstand frost at any stage of 

its growth.  

Extreme high temperature and low humidity during flowering, damage the foliage, 

desiccate the pollen and interfere with proper pollination resulting into poor grain formation.  

Fifty to seventy five centimeters of well-distributed rain   is sufficient for proper growth. 

Maize is very sensitive to stagnant water, particularly during its early stages of growth.  
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Soil 

Maize requires fertile, well-drained and leveled field having medium loam to heavy 

loam soils. However, it can be grown on any type of soil, ranging from deep heavy clay to 

light sandy. Water stagnation is extremely harmful to the crop.  Therefore, proper drainage is 

a must for the success of the crop especially during kharif season. It can be grown 

successfully   in soils having pH ranges from 5.5 to 8.0.  

Preparation of land  

Successful maize cultivation requires good seedbed. Seed should be placed in contact 

with the moist soil. The first ploughing should be done with soil inverting plough so that at 

least 20 to 25 cm deep soil may become loose.  It should be followed by two to three 

harrowing or three to four cross ploughing with local plough.  Planking should be done after 

each ploughing and field should be leveled for good water management.  

Seeds and sowing 

For getting maximum yield, use certified seeds of improved varieties and new hybrid 

seeds every year of hybrid varieties. In case of composite varieties, use seeds from own 

composite crop for next year provided that no mixture has been allowed in the field and at 

threshing floor. Change seeds of composite varieties after three to four years.  

Sowing time 

Where irrigation facilities exist, kharif maize should be grown between second week 

of June by giving one pre-sowing irrigation. In rainfed situation, sowing of maize is generally 

done with onset of rains. Thus early sown maize plants are able to face and tolerate most of 

the diseases and attack of insect start with onset of monsoon showers.  

Method of sowing 

Maize is sown by two methods 1) Sowing seed behind the plough or drilling - Seeds 

are drilled with the help of seed drill or behind plough with help of funnel in rows   after 

applying fertilizers.  This is the most common method for sowing of the composite varieties. 

2) Dibbling – Two seeds per hill should be dibbled for hybrid varieties.  
 

Seed rate: 20 to 25 kg/ha 

Spacing 

            For hybrid and composite varieties : 60 cm x 20-25 cm 

Seeds should be sown 5-7 cm deep. Plant population of 80-85 thousand plants/ha 

should be maintained for achieving the maximum yield.  



21 

 

Manures and fertilizers 

Manures 

Well decomposed FYM or compost @ 10 t/ha should be incorporated into the soil 

before sowing.  

Fertilizers 

(1) For hybrids and composite varieties 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

10 50 00 As basal 

20 - - At 4 leaf stage 

30 - - At 8 leaf stage 

30 - - At tasseling & flowering stage  

10 - - At grain filling stage 

100 50 00 Total  

 

(2)  For local improved varieties 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

 6 40 00 As basal 

12 - - At 4 leaf stage 

18 - - At 8 leaf stage 

18 - - At tasseling & flowering stage  

 6 - - At grain filling stage 

120 60 00 Total  
 

Irrigation 

          Maize is very susceptible both to excess water and moisture stress. Therefore, suitable 

drainage should be provided for removal of excess rainwater from the field. In case of soil 

moisture deficiency occur due to dry spell at tasseling, silking and milking stages, irrigation 

becomes necessary other-wise yield is reduced substantially. A good crop of maize requires 

about 460 to 600 mm of water during its life span.  

          Depending upon availability of irrigation water, following irrigation schedule is 

recommended.  

Number of irrigations at critical growth stages 

Six Five Four 

Leaf stage Leaf stage Leaf stage 

Early knee-high stage Late knee-high stage Late knee-high stage 
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Late knee-high stage Tasseling stage Tasseling stage 

Tasseling stage 50 % silking stage 50 % silking stage 

50 % silking stage Dough stage --- 

Dough stage --- --- 
 

The farmers of middle Gujarat Agro-climatic Zone-III (AES-II) are advised to adopt 

drip method of irrigation in maize (Sweet corn var. Madhuri) to get higher green cob yield 

and income. The drip system should be laid out at a lateral distance of 0.90 m and dripper 

(4.0 lph) spacing of 0.60 m. The system should be operated for 2 hours at a pressure of 1.2 

kg/cm2 on alternate day during the crop period.              

Interculturing and Weeding  

         Sometimes due to continuous rains during the early period of maize growth, it is not 

possible to enter in the field.  In such situations, the only effective way to control weeds is the 

use of herbicides. Mixture of pendimethalin @ 0.25 kg / ha + atrazine @ 0.50 kg / ha as pre-

emergence for effective weed control (Twice inter culturing and hand weeding (20 and 40 

DAS) is also equally effective for weed management in kharif Maize.Field should not be 

disturbed for initial three weeks after spraying. 

If pulse crop sown as inter crop in maize, pendimethalin 750 ml/ha should be disolved 

in 500 litres of water and spray as pre emergence.   

Thinning 

Thinning should be done within 15 to 20 days after sowing by keeping only one 

healthy plant per hill by keeping one plant 20 - 25 cm apart in rows.   

Earthing up 

Five weeks after sowing, when the plants attain knee-high stage, earthing up should 

be done with the help of local plough or hoe.  This provide safe guard against lodging which 

is likely to occur at cob formation stage due to high wind velocity and also helps to drain out 

water during rainy season as maize crop can not withstand stagnation of water.  

Watching 

The crop requires protection against parrots, crows and human beings when crop 

comes in tasseling and cob formation stage as they attack on tassels and green cobs. 

Watching should be continued till crop is harvested. Shooting away the birds from manchas 

prepared in the field and beating drums are effective methods. Most of the new high yielding 

hybrids have thick covers and birds cannot do much damage. 
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Cropping system: 

(A) Intercropping 

i        Maize (Farm Sameri) + Pigeon pea (BDN-2) (1 : 1) for Panchamahals and Dahod  

districts of Middle Gujarat. 

ii       Maize + Green gram or Black gram (1 : 4)     iii     Maize + Castor (2 : 2) 

(B) Crop sequences 

i           Maize – Wheat - Pulses 

ii          Maize - Mustard 

iii         Maize – Potato – Bajra (S) 

(C)  Crop otation 

i           Maize – Pulses 

ii          Maize - Cotton 

iii         Maize – Castor 

 

Plant protection 

Insect and pest 

 Stem borer, Army worm, Hairy cater pillar 

Diseases :  Leaf blight, Late wilt and Charcoal Rot 

Harvesting 

Harvest maize crop when husk of the cobs has turned into yellow or brown in color 

(cob sheath becomes dry) and grains become hard enough to crack when pressed under your 

teeth or having less than 12-15 % moisture. Do not wait for stalks and leaves to dry because 

they remain green in most of the hybrid   and composite varieties. 

The cobs are picked from standing crop by removing of dry husk and then dry them in 

sun for seven to eight days. Thereafter, grains are removed (separated) either by beating the 

cobs by sticks or with the help of maize Sheller. The separated grains should be sun dried and 

use for storage. 
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Varieties 

Sr. 

No. 

Varieties Productivity 

(kg/ha) 

Recommended zones Maturity 

days 

Grain colour 

1 Gujarat Maize 2 3000-3500 North Gujarat 85-90 Yellow shine 

2 Gujarat Maize 4 3500-4000 Middle & South Gujarat 80-85 White shine 

3 Gujarat Maize 6 3000-3500 Middle & South Gujarat 75-80 White shine  

4 Narmada moti 4500-5000 Middle & South Gujarat 80-85 White shine  

5 Madhuri* 

 (Sweet corn) 

12000-14000  

 (Green cob) 

Entire Gujarat 70 Pale yellow 

6 Vin orange  

(Sweet corn) 

14000-15000  

 (Green cob) 

Entire Gujarat 70 Pale yellow 

7 Amber  

(Pop corn) 

2500-3000 Entire Gujarat 80-85 Yellow 

*Isolation distance for Madhuri : 300 m or sowing of common maize should be done at 20-25 

days interval 

Hybrid varieties 

8 GAYMH 1 4200-5000 Middle, North & South 

Gujarat 

80-85 Yellow 

9 GAWMH 2 4000-4500 Middle & South Gujarat 80-85 White  

10 HQPM 1 

(For quality 

protein) 

4000-4500 Middle & South Gujarat 95 Yellow 

 

Research Stations 

World  :  CIMMYT (International Center for Wheat and Maize Research),Mexico 

 Gujarat (Main) :  Main Maize Research Station, Godhra (Panchmahals district) & Bhiloda     

                                (Arvalli district) 

                 (Sub) : Devgadh Baria (Panchmahals dist.), Khedbrahma ( Sabarkantha dist.) 

 Yield : Composite varieties : 3000 to 5000 kg /ha, Hybrid varieties : 4000 to 6500 kg /ha  

*********** 
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3 S O R G H U M   ( Great millet ) 

Botanical name: Sorghum vulgare L. moench  

Family:  Gramineae (Poaceae) 

Origin:  East Central Africa 

Area and Distribution 

          Sorghum is the fourth in importance among world’s leading cereals. It is cultivated in 

an area of about 51 millions hectares with a total production of about 67.3 million tonnes. 

Among sorghum growing countries, India ranks first in acreage but second in production. 

USA is the largest producer in the world. Other important sorghum growing countries are 

China, Nigeria, Sudan and Argentina.  

          In India, it was grown in an area of 7.79 million hectares with total production of 

about 6.70 million tonnes. The highest productivity (1267kg/ha) was in Madhya Pradesh 

during (2010-11). Maharashtra, Andhra Pradesh, Karnataka, Madhya Pradesh, Gujarat, Tamil 

Nadu, Rajasthan and Uttar Pradesh are important sorghum growing states.  

         In Gujarat, about 2.16 lakh hectares area is under sorghum cultivation with total 

production of 2.6 lakh tonnes. It is cultivated in almost all districts of the state. The Main 

Sorghum Research Station is located at Surat.  

Economic importance 

         Millions of peoples living in Africa and Asia depend on sorghum, as it is a staple 

food. In addition to this, fodder and stover are fed to millions of animals providing milk and 

meat for human being. 

          Sorghum ranks third in the major food grain crops of our country.  The greatest merit 

with sorghum is that it has capacity to withstand against drought. It does well even in low 

rainfall areas. It makes comparatively quick growth and gives not only good yields of grain 

but also very large quantity of fodder.  

           Human beings in India eat sorghum grain by breaking the grain and cooking it in the 

same way as rice or by grinding it into flour and for making chapaties.  It is also eaten as 

parched and popped grain to some extent.  Grain is also fed to cattle, poultry and swine. 

Sorghum grain contains about 10-12 % protein, 3 % fat and 70 % carbohydrates.  

Climatic requirements 

          Sorghum requires warm climate and grown from sea level to as high as 1500 meters.  

Sorghum plants can tolerate high temperatures throughout their life cycle better than any 

other cereal crops.  It can tolerate drought conditions very well because it remains dormant 
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during moisture stress conditions and resumes growth when favorable conditions reappear. It 

can also tolerate water logged conditions better than any other cereal except rice.  

          Sorghum is a short day plant and flowering is hastened by short day and delayed by 

long day. The time of heading in sorghum is influenced by temperature as well as 

photoperiod.  

Soils 

Clay loam or loamy textured soils having good water retention capacity are best 

suited for sorghum cultivation. It can grow in the soils having pH 6.0-8.5 as it tolerates 

considerable salinity and alkalinity.  

Field preparation 

In black cotton soils, ploughing should be done with soil turning plough so that 10 to 

15 cm deep soil may become loose followed by two to three harrowing and planking to break 

clods and to level the field. But in other soils, land is cultivated only with blade harrow.  

Time of sowing 

Timely sown crop escape from damage of shoot fly, while delay in sowing increase 

its infestation. So sowing should be done within two weeks of onset of monsoon. 

Seed rate : 8 - 10 kg/ha 

Seed treatment 

          For minimizing the losses in the germination percentage occurred due to attack of the 

cricket ants, seeds should be treated with 5 g Carbofuran 50 % SP dust with mixing of castor 

oil. Treated seeds should be sown immediately.  

Spacing: 45 x 10-15 cm i.e. 1.8 to 2.0 lakh plants/ha. 

Manures and fertilizers : Well decomposed FYM @ 10 t/ha 

(1) For rainfed  kharif cultivation for entire state 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

40 40 0 At the time of field preparation  

40 0 0 At 30-35 DAS 

80 40 0 Total 

 

(2) For dry farming area of Saurashtra region (Var. CSH-6) 

 N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

45 30 0 At the time of field preparation 

45 0 0 At 30-35 DAS 

90 30 0 Total 
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Irrigation 

Sorghum is usually grown as a rainfed crop; however, irrigation should be provided 

whenever rains are not received.  At the time of earhead formation and milking stages, crop 

requires more water and at these stages, plants should not be allowed to wilt otherwise yield 

is affected. Suitable drainage conditions should be provided for removal of excess rainwater 

from the field.  

Under water scarce conditions, four irrigations should be given at just after the harvest 

of first crop, knee-high stage, earhead emergence stage and at grain formation stage. 

Interculturing and Weeding  

         For weed control in sorghum, spray atrazine 1.5 kg/ha in 500 litres of water evenly on 

the soil surface as pre-emergence treatment. There should be enough moisture in the soil at 

the time of spray. Field should not be disturbed for initial 3-4 weeks after spraying. One hand 

weeding should be done after 30-35 days of sowing.  

Thinning 

          For maintaining desired plant population, thinning should be done at 10-15 and 20-25 

days of sowing. All disease and insect infested plants should be removed at the time of 

thinning.  

Cropping system: 

(A)  Crop Rotation 

i           Sorghum – Cotton 

ii          Sorghum - Pulses 

iii         Sorghum – Castor 

(B) Intercropping 

i           Sorghum + Pigeon pea (BDN-2) (1 : 1) for dry farming area of  Saurashtra 

ii          Sorghum + Karingada (5 : 1) for dry farming area of  Banaskantha and Kutch 

iii         Sorghum + Black gram  

(C) Crop sequences 

i           Sorghum – Wheat - Mung 

ii         Sorghum – Mustard 

iii        Sorghum – Gram/ Pea 

iv        Sorghum - Wheat 

v        Sorghum – Potato – Bajra (S) 
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Plant protection  

Insect Pests :  Shoot fly, Sorghum midge and Ants, Stem borer, Leaf minor, Sorghum    

earhead fly, Earhead borer. 

Diseases : Sugary disease, Charcocal stem rot, Grain moulds, Leaf spot, Smut 

Harvesting 

          Kharif ratoon is ready for harvest in the month of November-December. Harvested 

earheads from standing crop are carted & transported in threshing yard for complete drying. 

After drying, grains are separated by trampling under bullock feet. Storage should be done 

after complete drying of seeds.  Fodder is harvested after harvesting of earheads. Improved 

variety takes 100 to 110 days for maturity.  

Transplanting of sorghum seedlings 

          Timely sowing is not possible in heavy rainfall areas, so 24 days old seedlings are 

used for transplanting. The varieties viz., CSH1, GJ35, GJ36, and CSH5 are used for 

transplanting purpose. Transplanted crop gives 20-30 per cent higher yield than direct sown 

crop. 

Package of practices for ratoon crop 

(1) Cutting :  After harvesting of first crop by keeping 8-10 cm height, dried diseased leaves 

and tillers from the field should be removed. 

(2) Fertilizer :  80 Kg N and 40 Kg P2O5/ha, of which entire quantity of P2O5 and half 

quantity of N should be drilled in both sides of the rows as basal and 

remaining half quantity of N should be applied after 30 days.  

(3) De tillering : Keep only the same aged tillers in the ratoon crop. All small tillers should be 

removed. 

(4) Interculturing & weeding 

Interculturing should be done after first irrigation at Vapsa conditions. One or 

two interculturing should be done as and when required. At the time of last 

interculturing operation, earthing up should be done. Weeding is done as and 

when required.  

 (5) Irrigation : In south Gujarat areas, seven irrigations are given as follows during the critical 

stages of the crop, just after harvesting, 4-5 leaf stage, knee high stage, flag 

leaf stage, flowering stage, grain filling stage and milking stage. 
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Varieties : 

Sr. 

No. 

Variety Maturity 

days 

Sowing time Area of sowing Remarks 

High yielding varieties 

1 CSH 1 110-115 2nd week after 

onset of monsoon 

to end of August 

Entire state Suitable for ratoon 

crop, 33 % more 

yield than CSH-6 

2 CSH 5 105 Upto the end of 

August, within 

two weeks after 

sufficient rain 

Dry farming areas 

of the state  

’’ 

3 CSH 6 105 Upto the end of 

August 

Dry farming areas 

of the state 

Suitable for ratoon 

crop, 33 % more 

yield than CSH-6 

4 GJ 35 110-115 As CSH-1 Entire state ’’ 

5 GJ 36 110-115 For late 

cultivation in 

kharif season 

For south Gujarat 

and Vadodara 

For grain, ratoon 

crop and TP crop. 

Resistant to smut. 

6 GJ 37 100-105 AS CSH-1 Entire state except 

south Gujarat 

Grain as well as 

fodder 

7 GJ 38 100-110  For Vadodara Grain and fodder 

8 GJ 39 95-100 July-August North Gujarat, 

Saurashtra, Kutch 

Suitable for low 

rainfall areas 

9 GJ 40 104-108 ’’ South Gujarat  

10 GJ 41     

11 GJ 42     

12 CSH 13 110-115 Upto end of Aug.  South Gujarat  

For specific areas 

1 Gundari 130-140 End of September Ghed area (coastal 

area of Junagadh 

Grain and fodder 

2 Solapuri 150-160 ’’ Bhal area ’’ 

Improved varieties 

1 C-10-2 

(Chhachha

tiya) 

110 June-July A'bad,Mehsana            Grain and fodder 
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2 BC 9, 

Striga 

resistant 

160 July-August South Gujarat Grain purpose, Late 

maturing 

5 Malvan 170 ’’ South Gujarat and 

Saurashtra 

Grain purpose 

6 S 210 170 ’’ ’’ ’’ 

7 S 213 160 ’’ ’’ ’’ 

Rabi  varieties 

1 GJ 8     

2 GJ 9     

3 CSH 8     

                GNJ 1 (2016) has been released by NAU. 

Research stations :  Main : Surat 

                                  Sub   : Deesa,Viramgam 

*********** 
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4 P E A R L M I LL E T 

Batanical name Pennisetum glaucum  

Family  Gramineae (Poceae) 

Origin The primary center of origin of pearl millet is Africa from where it 

spread to India and other countries. 

 

Area and distribution 

          The important pearl millet growing countries are India, China, Nigeria, Pakistan, 

Sudan, Egypt, Arabia and Russia. International Crops Research Institute for Semi-Arid 

Tropics (ICRISAT) located at Hyderabad (AP) is undertaking research on five crops viz., 

pearl millet, pigeon pea, sorghum, chickpea, and groundnut. 

         In India, pearl millet was grown over an area of 8.9 million hectares with total 

production of 6.51 million tonnes with average productivity of 731 kg/ha (2010-11). Pearl 

millet is grown almost everywhere except in high rainfall areas like Assam, West Bengal and 

Orissa. States of Rajasthan, Maharashtra, Gujarat, Uttar Pradesh and Haryana account for 87 

% of the total area.  About 73 % of the production comes from Gujarat, Rajasthan, Uttar 

Pradesh and Haryana. The production of pearl millet fluctuates with the vagaries of monsoon 

and incidence of diseases. 

          In Gujarat, kharif pearl millet was cultivated in about 3.34 lakh hectares with 

productivity of 1037 kg/ha.The area under hot weather was about 2.65 lakh hectares. The 

average productivity of pearlmillet was 2634 kg/ha (2012-13) during summer season. Which 

was 2.6 times higher productivity in summer season. Banaskantha, Bhavnagar, Mehsana, 

Kutch, Kheda, Surendranagar, Jamnagar, Amreli, Rajkot and Junagadh are major pearl millet  

growing districts, while it is not grown in  Valsad, Dangs,  Surat, Navsari and Bharuch. The 

Main Pearl millet Research Station is located at Jamnagar. 

Economic importance 

          Pearl millet is one of the major coarse grain crops, which does well even under 

adverse conditions of weather.  It provides staple food for the poor in a short period in the 

relatively dry tracts of the country. It is the most drought tolerant crop among cereals and 

millets. 

          Pearl millet grain contains about 11.6 % protein. Pearl millet grains are cooked like 

rice or “Chapaties" are prepared from flour. It is also used as feed for poultry and green or 

dry karbi for cattle. 
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Climatic requirements 

          Pearl millet is a rapid-growing warm weather crop suitable for areas with 40 to 75 cm 

of annual rainfall. During the vegetative growth of the crop, moist weather is useful. The 

rainfall at flowering time is harmful as it washes off the pollen and consequently there is poor 

seed setting. It has a high degree of resistance for drought conditions. The crop does best 

under conditions of light showers followed by bright sunshine.  The best temperature for the 

growth of pearl millet is between 20 to 28  ºC.  

Soil requirements 

It does best on well-drained sandy loam soils. Pearl millet is sensitive to water 

logging and acidic soils. 

Field operations 

          Field should be cultivated either by tractor drawn cultivator twice or by country 

plough followed by harrowing to make the soil friable. While leveling the field, care should 

be taken to ensure that rainwater does not stagnated but drain out easily. 

Sowing time 

          Sowing should be done with onset of monsoon i.e. 15th June to 15th July. Summer 

pearl millet should be sown in the second week of February to second week of March. 

Timely sowing reduces the incidence of insect-pests and diseases and results in higher yield. 

In case sowing is delayed, there is a drastic reduction in yield due to more incidences of 

diseases like downy mildew and ergot, due to restricted vegetative growth of the crop, high 

mortality and poor grain setting. 

Method of sowing 

          Sowing is done by (1) seed drill (2) broadcast method (3) sown behind plough and (4) 

transplanting. Sowing with the help of seed  drill in lines about 4 cm deep is the best method, 

which provides good germination and ultimately uniform plant population. 

         Transplanting of seedlings – Timely sowing of pearl millet may not be done due to 

several unavoidable reasons such as late harvesting of preceding summer crop. In case 

sowing is delayed, transplanting has been found to give higher yields as compared to direct 

sowing. It has the following distinct advantages. 
 

1) Crop matures earlier and the low temperature late in the season has no adverse effects 

on grain setting. 

2) It produces more tillers and ears owing to better growth. 

3) Optimum plant population is ensured. 

4) Crop gets a better start because three weeks age old seedlings are able to withstand 

frequent rains. 

5) Downy mildew infested seedlings are rejected at the time of transplanting. 
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Raising seedlings 

          Prepare flat seed beds of 1.2 x 7.5 meters, the seeds should be sown in rows 10 cm 

apart and at 1.5 cm depth. About 2 kg seed of pearl millet is sown in 5 to 6 are in nursery to 

get seedlings for one hectare. To give better start to the seedlings, apply 5-10 kg N in the 

nursery. The seedlings are uprooted and transplanted after three weeks. While uprooting the 

seedlings, keep the nursery wet just to avoid root injury. Remove top portion above the 

growing point so as to minimize the transpiration from the seedlings. This also helps in 

preventing the lodging of the seedlings. Transplanting should be done preferably on rainy 

days. Irrigate the field to help seedlings to establish if there is no rain. Transplant one 

seedling per hill by following spacing of 50 x 10 cm. Transplanting from third week of July 

to second week of August gives good results. 

Seed rate: 3.75 kg/ha 

Seed treatment 

          If there is a possibility of ergot being mixed with seeds, dip the seeds in 20 % salt 

solution (NaCl). The ergot-infested seeds would float on the surface that should be removed 

and burnt. The sound seeds that settle at the bottom should be washed thoroughly with fresh 

water and dried in shade. After drying the seeds, it should be treated with Thiram @ 3 g per 

kg of seed. Use certified seeds only. Pearl millet seeds should be inoculated with Azotobacter 

or Azospirillum culture, which can save about 40 % of the recommended dose of nitrogen.  

Spacing 

          45 cm x 15 cm 

Manures and fertilizers 

          Well decomposed FYM or compost @ 10 t/ha should be applied and incorporated in 

the soil during field preparation. 

Fertilizers (For kharif) 

N kg/ha P2O5 kg/ha K2O kg /ha Stage of application 

40 40 00 As basal in furrows 7 to 8 cm deep before sowing 

25 00 00 21 days with seed drill 7 to 8 cm deep and 8-10 cm 

away from the rows. This should be done after 

thinning and weeding 

15 00 00 At earhead formation stage (sufficient moisture 

should be in the soil) 

80 40 00 Total  
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Fertilizers (For summer) 

N kg/ha P2O5 kg/ha K2O kg /ha Stage of application 

  60 60 00 As basal in furrows 7 to 8 cm deep before sowing 

  60 00 00 At 21 to 30 days of sowing 

 120 60 00 Total 

 

Fertilizers  (For north Gujarat – Loamy sand soil) 

N kg/ha P2O5 kg/ha K2O kg /ha Stage of application 

80 60 00 As basal in furrows 7 to 8 cm deep before sowing 

50 00 00 At 21 to 30 days of sowing  

30 00 00 45 DAS 

160 60 00 Total 

 

Irrigation 

          Generally this crop is grown under rainfed conditions; hence, there is hardly any need 

for irrigation. Irrigate the crop if there is no rain during ear head emergence as this stage is 

considered as most critical stage for water requirement. Pearl millet does not tolerate 

waterlogged condition so proper arrangement to drain excess water from the field must be 

done. 

          The farmers of north Gujarat growing summer pearlmillet (GHB 558)are advise to 

irrigate their crop through drip system (1.0 PEF )on alternate day and fertilizer with 100 % 

RDF (120- 60- 00 N,P2 O5, K2O kg/ha) as fertigation for obtaining higher grain yield and net 

profit as well as 8% water saving as compared to surface method of irrigation( 1.0 IW/CPE 

ratio with 100% RDF).     

After care 

Thinning and Gap filling   

             Thinning and gap filling should be done 21 days after sowing, when there is 

sufficient moisture in the soil. Gap filling should be done with thinned plant if gaps are found 

in the field. 

Interculturing and Weeding 

          Pearl millet is being a rainy season crop suffers from infestation of weeds. The weed 

infestation is severe during 3-5 weeks after sowing. Therefore, timely control of weeds is 

essential to get higher yield.  For this, two to three interculturings should be done at an 

interval of 15 days up to earhead formation stage and two hand weedings at 20 and 40 days 
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after sowing proved beneficial. Timely manual weeding   becomes difficult due to excess 

moisture in the field or unavailability of labours.  Under   such circumstances, effective way 

to control weeds is use of herbicides. Atrazine @ 0.5 kg/ha in 500 litres of water as pre-

emergence application can effectively control most of the monocot and dicot weeds. 

Cropping system:  

Cropping system has been proved alternative in different Agro-climatic zones of 

Gujarat stae are as under: 
 

(A)  Crop Rotation 

I    Pearlmillet  – Cotton 

ii   Pearlmillet – Castor  

iii  Pearlmillet – Groundnut  

iv  Pearlmillet – Pulses 
 

(B) Crop sequences 

I    Pearlmillet – Wheat – Greengram 

ii  Pearlmillet – Mustard 

iii Pearlmillet – Groundnut 
 

(C)  Intercropping: It has been followed in dry farming areas. 

I   Pearlmillet + Pigeon pea (1 : 1)  

ii  Pearlmillet + Casstor (3 : 1)  

iii Pearlmillet + Cluster bean (2 : 1) 

iv Peralmillet + Greengram (1 : 3)  

 

Plant protection  

Insect-Pests 

White grub, Hairy cater pillar, Grass hopper, Shoot fly, Stem borer, Earhead worm 

and Bristle bittle 

Diseases : Downy mildew, Ergot, Smut, Rust 

Harvesting and threshing 

          Harvesting is done by cutting the whole plant or by nipping the earheads first and then 

cutting the plants later on.  The earheads should be dried and then grains are separated either 

by beating the earheads with stick or by trampling under the bullock feet. The threshed grain 

should be cleaned and dried in sun to bring the moisture content down to 8-10 % for safe 

storage. 
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Yields   1)  2700 to 3400 kg/ha grain in case of improved cultural practices under irrigated 

conditions 

              2)  1800 -2000 kg/ha grain in case of rainfed crop 

         (Summer crop yields : 4500-5000 kg  grain/ha, 7000 - 8000 kg straw/ha) 

Varieties 

Sr.

No. 

Hybrid 

varieties 

Year of 

release 

Area of recommended Maturity 

days 

Yield 

(Kg/ha) 

1 GHB 558 2002 Entire Guj. & India 80-85 days 2800-3000 

2 GHB 538 2004 Entire Guj.,dry areas of 

Rajasthan & Haryana  

70-73 days 2700-3000 

3 GHB 719 2006 -do- 72-75 days 2800-3200 

4 GHB 732 2007 Entire Guj. & states of 

north India 

78-82 days 3000-3400 

5 GHB 744 2007 -do- 75-80 days 3000-3200 

6 GHB 757 2007 Entire Guj.,dry areas of 

Rajasthan 

& Haryana 

70-73 days 2800-3000 

7 GHB 905   2012 Entire Guj. & states of 

north India 

75-80 days 3100-3300 

 

For summer cultivation varieties viz., GHB 526, GHB 538 and GHB 558 should be selected. 
 

Research Station 

Main : Main Pearl millet Research Station, Jamnagar 

 Sub  : Rajkot, Talaja, Anand, Sardar Krushinagar, Kothara 

         Summer pearl millet give more yield than monsoon crop because (1) taken under 

assured irrigation facilities, (2) occurrence of diseases is less (3) efficient use of fertilizersand 

(4) seeds dropping, lodging of the crop and seed germination on the earhead is not possible as 

it happens in monsoon crop. 

 

***********          
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MINOR MILLETS 

 5 LITTLE MILLET (V A R I) 

Botanical name: Penicum miliare L. 

Family:  Gramineae 

Economic importance 

Vari has small size grains and known as hill millet.  After milling the vari, it is used in 

holy fast by Indian people. It has high nutritive value. Tribal peoples are using vari instead of 

rice as their food.  

Area and distribution 

The important vari growing States in India is Andhra Pradesh, Tamil Nadu, 

Maharashtra and Gujarat. In Gujarat, it is mainly cultivated in the hilly areas of Surat, Valsad 

and Dangs districts.  The Main Hill Millet Research Station is located at Waghai with its sub 

center at Dahod.  

Field preparation 

After harvesting of previous crop, one or two cross ploughing or one to two tractor 

cultivations are sufficient for field preparation. Stubbles and weeds should be removed from 

the field. 

Sowing time : Onset of the monsoon 

Sowing methods 

It is sown by two methods. (1) Drilling - Seeds are drilled in furrows 3-4 cm deep (2) 

Transplanting - Three to four weeks aged old seedlings should be transplanted in the puddled 

field. Puddling is done with plough in light showers followed by planking.  Before pulling 

out seedlings, nursery should be irrigated. In absence of the rains, transplanted field should be 

irrigated regularly till the seedlings are well established.  

Spacing: 30 cm x 15 cm, one seedling/hill 

Manure and fertilizers 

Manures: 10 t FYM /ha 

Fertilizers 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

10 10 0 At transplanting 

10 0 0 At 30 Days after transplanting 

20 10 0 Total  
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Raising seedlings 

  For getting higher yield, vari should be transplanted like paddy crop. Seedlings should 

be raised on raised beds in heavy rainfall areas and on flat beds in low rainfall areas. 

1)  Time of sowing : Seedlings should be raised in June after receiving first rain. 

2)  Seed rate : 2 kg seeds /ha for transplanting one hectare of land. 

3)  Area required : Seedlings raised in 200 m2 to 300 m2 area are sufficient for transplanting 

one hectare of land.  

4)  Manures : Apply 1 tonne of well decomposed FYM and incorporate in the soil. 

5)  Field preparation :- Soil is prepared for nursery by one deep ploughing followed by 

planking. 

6)  Bed preparation : Clods should be broken and make the surface of the beds fine and 

friable.  Nursery beds may be of any length depending upon the slope of land but the 

width should be 1.0 meter. The beds should be about 15 cm higher than surrounding land.  

Nursery beds should be uniformly leveled and compacted and channels between the beds 

should be provided to ensure easy drainage of excessive water.  

7)  Sowing method : Open 3-5 cm deep furrows at 10 cm apart with the help of kudali and 

drill the seeds in the furrows and cover the furrows with soil by hand.This facilitates 

germination of the seeds and in easy weeding as compared to broadcast method of 

sowing. 

8)  Aftercare  : Remove weeds after 10-12 days of sowing, second weeding should be carried 

out as and when required. 

9)  Fertilizers :- Apply 5 kg ammonium sulphate for quick growth. 
 

Interculturing and weeding :  Interculturing and weeding should be carried out as and when 

required.  

Harvesting 

The crop is ready for harvest after 120 to 125 days of sowing.  Matured earheads are 

harvested from standing crop and dried on threshing floor for few days. Straw is cut close to 

the ground later on. Grains are separated by trampling earheads under bullock feet. 

Plant protection measures: No insect-pests and diseases are occurred. 

Yield: 1000 to 1200 kg grain/ha 

Varieties: 1)  Gujarat vari 1 released in 1979 gives 16 % higher yield than local cultivar. It 

matures in 120 to 125 days and is recommended for the hilly areas of Dangs, 

Surat and Valsad districts. 

                  2)  Gujarat vari 2 (2006) 

                  3)  Gujarat Navsari vari 3  

*********** 
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6 K O D O M I L L E T [K O D R A] 

Botanical name: Paspalum scrobiculatum L. 

Family:  Gramineae 

Origin:  India and South East Asia 

Area and distribution 

In the world, India, Japan, China and Malaysia are the important kodomillet growing 

countries. 

In India, it is cultivated in the States of A.P., Karnataka, Kerala,Tamil Nadu, 

Maharashtra, Madhya Pradesh and Gujarat. 

In Gujarat, it is cultivated in an area of 60000 hectares with an annual production of 

50000 tonnes. The major districts growing kodomillet in Gujarat are Panchmahals, Kheda, 

Vadodara, Sabarkantha, Surat, Bharuch, Navsari, Valsad and Dangs.  

Economic importance 

Kodomillet is a highly drought resistant crop. It is the coarsest in all food grains. 

Immature and molded grains are supposed to be poisonous. Kodo grain is easily preserved 

and proves as a good famine reserve. The grain is recommended as a substitute for rice to 

patients suffering from diabetes. The grain contains 8.3 % protein. Straw is very poor in 

quality and harmful to horses.  

Climate 

Moderately hot and dry weather with 400 to 500 mm rainfall required for cultivation 

of the crop. Cloudy weather is not suitable during grain formation stage. It is drought tolerant 

crop and hence can be grown in scarce and erratic rainfall areas.  

Soil 

     Generally, it is grown in light, stony shallow and red soils.  But sandy loam-to-loam soils 

are most suitable.  

Field preparation 

Field is prepared after onset of monsoon by giving cross ploughing or cross cultivated  

by tractor drawn cultivator followed by two harrowings and planking.  

Sowing time: With the onset of monsoon up to end of July. 

Method of sowing: Drilling method 

Seed rate:  15-20 kg/ha 

Spacing:  45 cm x 10 cm, intra-row spacing is maintained at thinning.  
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Manures and fertilizers 

Manures:   Well decomposed 10 t FYM/ha should be incorporated at the time of field   

preparation.  

Fertilizers 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

10 20 0 As basal 

10 0 0 At 30 DAS 

20 20 0 Total  
 

 

Irrigation 

Generally, the crop does not requires any irrigation as it is mostly grown as rainfed 

crop. If irrigation facilities are available, one or two irrigation may be applied during dry 

spell. 

Weeding and interculturing   

Field should be kept free from weeds up to 35-40 days of sowing. Two weddings at 

15 and 30 days after sowing control the weeds. 

Mixed cropping/crop rotation 

 It is also grown mixed with pigeon pea, sesame and sorghum and rotated with linseed, 

chickpea or mustard crops. 

Plant protection 

Insect – Pests : Stem borer 

Diseases: Smut and Ergot 

Harvesting 

  The crop becomes ready for harvest in about 110-115 days. The whole plant is cut by 

sickle at ground level and plants are tied in small bundles and allowed to dry in sun light for 

few days.  The dried bundles are carted to the threshing floor. Threshing should be done by 

trampling under bullock feet.  Seeds are cleaned and then stored.  

Yield: 1000 to 1500 kg grain/ha;  2000 to 3500 kg fodder/ha 
 

Varieties 

1. Gujarat Kodra 1 matures in 110-115 days and gives 27% higher yield (220 kg/ha) as  

compared to local cultivar, released in the year 1977. 

2. Gujarat Kodra 2  released in the year 1994, yield 1840 kg/ha 

3. GPUK 3 

                                               *********** 
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7 F I N G E R M I L L E T (BAVTO/ RAGI/ NAGLI) 

Botanical name: Eleusine coracana Gaertn. 

Family:  Gramineae 

Origin:  India and Africa 

Finger millet is also known as Ragi in Telugu, Tamil and Kannada, Marua in Hindi,  

Marwa  in  Bengali, Mandia in Oriya, Nagli in Marathi, Mandhuka in Punjabi and  Bavto in 

Gujarati. 

 Area and distribution 

India, Africa, Srilanka, Malaysia, China and Japan are the important finger millet 

growing countries in the world. 

In India, it was cultivated in about 2.65 million hectares with an annual production of 

2.90 million tonnes. 

The important finger millet growing States in India is Karnataka, Andhra Pradesh, 

Tamil Nadu, Maharashtra, Orissa, Bihar, Uttar Pradesh, Himachal Pradesh and Gujarat. 

In Gujarat, it was cultivated in an area of about 45000 to 50000 hectares with an 

annual production of about 50000 tonnes. It is mainly cultivated in the districts of Dangs, 

Surat, Valsad, Panchmahals and Kheda and in very small area in Sabarkantha district. The 

Main Hill Millet Research Station is located at Surat with its sub centres at Waghai and 

Dahod. 

Economic importance 

It is important minor millet grown in India.  It is a staple food for hard toiling class in 

many hilly areas of the country. It is very useful to persons suffering from diabetes. The 

grains are rich in protein (9.2 %) and provide minerals and vitamin A and B. The grains are 

eaten as chapaties. In South India, grains are malted and fed to infants (pregnant women). It 

is a nutritive food for adults of different ages. It can be stored for many years, as insect-pest 

cannot damage it during storing period.  Finger millet stalk is considered to be good fodder 

for animals, green straw is suitable for making silage.  

Climatic requirements 

  Finger millet requires tropical and sub-tropical climate and grown up to altitude of 

2100 metres.  It is very well grown under moderately hot and humid regions and tolerate 

drought and heavy rains from 500 to 100 cm.  In regions of higher rainfall, it can be grown as 

transplanted crop on well-drained soil. 



42 

 

Soil 

It is most suited to light red, red and poor to fertile soils. It also does well on well-

drained sandy loam or clay loam soils. But clayey soils, heavy black cotton soils, gravely and 

stony soils with poor fertility and drainage are not suitable for raising this crop. It tolerates 

salinity better than other cereals. 

Field preparation 

As the seeds are small, it needs well prepare field. After harvesting of previous crop, 

one   or two cross ploughing or one to two tractor cultivations are sufficient for preparation of 

good seedbed. Stubbles and weeds should be removed from the field. 

Sowing time: Onset of the monsoon 

Seed rate: 5 kg/ha for transplanting of one hectare area. 

Sowing methods 

It is sown by two methods. 

(1) Drilling - seeds are drilled in furrows 3-4 cm deep  

(2) Transplanting – 3-4 weeks old seedlings should be transplanted in the puddled field. 

Puddling is done with plough when rains occur with light showers followed by 

planking.  Before pulling out the seedlings, the nursery should be irrigated. In absence 

of the rains, transplanted field should be irrigated regularly till seedlings are well 

established.  
 

Spacing: 30 cm x 7.5 cm, one seedling/hill 

Manure and fertilizers 

Manures:  10 t FYM/ha  

Fertilizers 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

30 20 0 At transplanting 

10 0 0 At 30 Days after transplanting 

40 20 0 Total  

 

      Apply bio fertilizer @ 4 kg /ha (Azospirillum + Phosphobacteria) in addition to 40 kg 

N/ha. 

 

Raising seedlings 

For getting higher yield, it should be transplanted like paddy crop. Seedlings should 

be raised on raised beds in heavy rainfall areas and on flat beds in low rainfall areas.  
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1) Time of sowing  : Seedlings are raised in June after receiving the first rain 

2) Seed rate            : 5 kg seeds/ha for 10 are area for transplanting of one-hectare land 

3) Manures             : Apply 1 tonne well decomposed FYM 

4)         Field preparation: Soil is prepared for nursery by one deep ploughing followed by           

planking. 

5) Bed preparation  : Beds of 1 m x 1 m as per slope should be made. Clods should be 

broken and make the surface of the beds fine and friable.  The nursery beds may be of 

any length depending upon the slope of the land but the width should be 1.0 meter. 

The beds should be about 15 cm higher than surrounding land. To ensure easy 

drainage of excessive water, channels in between the seedbeds should be provided. 

Nursery beds should be uniformly leveled and compacted.  

6) Sowing method  : Open 3-5 cm deep furrows at 10 cm apart with the help of kudali 

and drill the seeds in the furrows and cover the furrows with soil by   hand.  This 

facilitates germination of the seeds and easy weeding as compared to broadcasting 

method. 

7) Aftercare  : Remove weeds after 10-12 days of sowing, if necessary, second weeding 

should be carried out as and when required. 

8) Fertilizers : Apply 5 kg ammonium sulphate for quick growth. 

Interculturing and weeding 

Interculturing and weeding should be carried out as and when required. 

Harvesting 

The crop is ready for harvest after 120 to 135 days of sowing.  Matured earheads are 

harvested from standing crop and dried on threshing floor for few days. Straw is cut close to 

the ground later on. Grains are separated by trampling earheads under bullock feet. 

Plant protection  

Insect-pests: Stem borer, Hairy cater pillar, Grass hopper, Earhead cater pillar 

Diseases:   Blast, Blight and Root rot, Wilt or Foot rot, Smut 

Yield:  2500 to 3000 kg grain/ha 

             5000 to 8000 kg fodder/ha  

Varieties 

1 Gujarat Nagli 1 - Released in 1976 gives 10.6 % higher yield than local variety. Average 

yield is 2000 kg/ha. 

2   Gujarat Nagli 2 - Released in 1983, gives yield of 2200 kg/ha, attractive seed colour and   

comparatively   larger seed   size and gives 10 % higher yield than Gujarat Nagli–1.  
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3   Gujarat Nagli 3 - Evolved from a cross of GN-2 x KM-13 and released in 1991, gives 

yield of 2365 kg/ha. 

4   Gujarat Nagli 4  - Released in 2006, it gives yield 2934 kg/ha. 

5   Gujarat Nagli 5 -  Released in 2009 

6   Gujarat Navsari Nagli 6 (GNN 6)-  Released in 2013  

7   Gujarat Navsari Nagli 7 (GNN 7) -  Released in 2016 

8    Gujarat Navsari Nagli 8 (GNN 8) - Released in 2018 (Early variety, mature in 110 days)  

 

*********** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



45 

 

B PULSE CROPS  

         Pulses may be defined as the dried edible seeds of cultivated legumes. They belongs to 

the family of peas, beans and lentils (Family : Fabaceae). English word pulse is taken from 

the Latin Puls,meaning pouage or thick pap. The pulses are a large family and various species 

are capcble or surviving in very different climates and soils. 

Role of pulses in Indian agriculture 

India shares about 35 - 36 % and 27 - 28 % of the total area and production of pulses 

in the world. In India, 17  % of the total cultivated area  (23 million hectares of land) is under 

pulse crops. The productivity is very low that is 500 kg/ha. The productivity of pulse crops 

became stagnated since last three decades because of less success in getting improved 

varieties and less area under cultivation.To meet the requirement of ever-increasing 

population of our country, it is necessary to increase the productivity of the pulse crops. 

Pulses play a vital role in human and animal and in agricultural economy by many ways:  

For balanced diet, daily 85 - 104 gm of pulses/capita is required. According to WHO 

report, per capita availability come down to 33.19 gm per day/capita as compared to 74.1 g 

during 1955 against minimum requirement of 85 gm per day. According to economic survey 

of 1995 of Central Government of India, per capita availability of pulses in 1961 was 69 gm, 

which reduced to 37 gm in 1995. The average availability of pulses in Gujarat is 17 gm/day 

(Only 20 % of the requirement). Gujarat had an area of kharif pulses of 4.46 lakh hectares 

with 3.82 lakh tones production and average productivity 857 kg/ha (2012-13). 

1)   Pulses being an excellent source of high quality protein to the predominantly vegetarian 

population of our country. 

2)   Pulses also provide/supply nutritive feed to the poultry, piggery and other animals   

(Milch) 

3)   Pulses provide huge quantity of green as well as dry fodder to the cattles. 

4)   Being deep-rooted crop, they tolerate drought much better than cereals and millets and 

they can extract nutrients and moisture from the deep layer of the soil and hence they 

are considered as most important crops of the dry farming areas. 

5)   By virtue of their unique plant height, such  as  maturity,  duration and low water and 

nutrient requirement they find  a  place in crop mixtures, multiple cropping and rotation. 

6)   Pulses have got the capacity of fixing atmospheric nitrogen by symbiotic process 

through root nodules.  Thus, they   require   less quantity of nitrogen, which is a   costly   

fertilizer. 
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7)   Pulses can easily be grown in marginal and sub marginal soils with minimum care. 

8)   Pulse crop leaves considerable amount of residual nitrogen for the succeeding crop. 

9)   Pulses are best suited for green manuring. 

10)  They improve the physical condition of the soil. 

11)  They help in preventing soil erosion. 

12)  The cost of cultivation is also less as compared to other crops. 

Some of the reasons for low productivity of pulse crops 

1) Non availability of high yielding varieties and efficient and short duration plant            

type. 

2) Cultivation of pulses on marginal and sub marginal soils only (Relatively poor soils). 

3) The farmers are not applying proper nutrients to pulses and hence they give low 

productivity. 

4) In addition to major nutrients, application of sulphur is beneficial in crops like pigeon 

pea, chick pea, green gram and black gram, if the soils have less than 9 ppm sulphur in 

the soil. 

5) Lack of adequate resistant varieties to major diseases, insect - pests. 

6) Insufficient weed management practices and irrigation 

7) All pulses are grown under rainfed condition and on marginal soils; hence the average 

yield is about 500  - 600 kg/ha. However, with adopting of high yielding early   disease 

resistant varieties having good quality seeds, yield can be increased upto 1000 to 1200 

kg/ha under irrigated condition on productive soil. 

Differences 

Pulses Legumes 

Sr. 

No. 

Particular Sr. 

No. 

Particular 

1 Pulses are always leguminous 1 Legumes may or may not be 

pulses 

2 Always consumed as human food 

in form of Dal 

2 Mostly used as cattle feed 

3 Rich in protein 3 They contain protein and oil both 

4 Green gram, black gram,pigeon 

pea,  kidney bean, cowpea, cluster 

bean 

4 Soybean, sunnhemp, fenugreek, 

groundnut, lucerne 
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Rhizobium  stains used for the seed treatment to pulses 

Name of the strain Crop 

Rhizobium leguminosarum Pea 

Rhizobium japonicum Soybean 

Rhizobium phaseolus Bean 

Rhizobium spp Cowpea  

Nitrogen fixation by Rhizobia in some of the crops 

Name of crop Quantity fix in soil Name of crop Quantity fix in soil 

Pea 65 kg/ha Black gram 61 kg/ha 

Cowpea 200 kg/ha Green gram 200 kg/ha 

Pigeon pea 200 kg/ha Chickpea 225 kg/ha 
 

NB:  Fixation of atmospheric nitrogen is depending on the specific strain, 

moisture, temperature, crop oxygen, pH and organic matter present in the soil.  

MULLaRP 

M  = Mungbean (Greengram)   U  = Urdbean (Blackgram)   L  = Lentil (Masur) 

La = Lathyrus (Lang)                R  = Rajmah                          P  = Peas 
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8 PIGEON PEA (R E D G R A M, Arhar, Tur)  

Botanical name:  Cajanus cajan L. (Millsp.) 

Family:   Leguminoseae  ( Fabaceae ) 

Origin: It seems that Africa is the probable place of origin and the plant 

might have been introduced into India by ancient traders 

trading on the routs between Zanzibar, India and Shrilanka.  

However, according to Vavilov, India is the place of origin of 

pigeon pea.  

Synonyms: Red gram commonly known as arhar, pigeon pea or tur etc. 

 

Pigeon pea is commonly known as pigeon pea.  It is important and old crop in our 

country. It is grown in wide range of agro ecological situations because of its deep root 

system and due to this characteristics, it is drought tolerant and is useful in the areas of low 

and uncertain rainfall on lighter soils. It is grown as sole as well as mix or inter crop. 

Traditional long duration varieties of pigeon pea that take 240-270 days to mature are of low 

potential and susceptible to different diseases and pests and are also damaged by frost.  

Recently some short duration varieties (120 - 125 days) have been developed having high 

yield potential (20-30 q/ha) and harvested by end of November. These varieties fit very well 

under double cropping systems with wheat and other rabi crops.  

Classification pigeon pea 

Cultivated pigeon pea may be classified into two groups. Species differed according 

to height, colour, shape and size of pod and seed and time of maturity.  

1) Cajanus cajan var. bicolor 

Mostly late maturing varieties included in this group, plants are tall, bushy with 

yellow flowers, purple streaped, pods dark colored containing four to five seeds, 

extensively cultivated in northern India.  

2) Cajanus cajan var. flavus 

This group is early maturing, comparatively small plants, yellow flower, and pods 

containing only two to three seeds, grown in southern India. 

Area and Production 

Pigeon pea is grown throughout tropical countries like Africa, West Indies, Shrilanka, 

Australia and Malasia. It is grown over an area of 3.9 millian hectares with a production of 

3.3 MT having the productivity of 848 kg/ha (2013-14). The crop is extensively grown in 

Maharashtra, Uttar Pradesh, Madhya Pradesh, Karnataka, Andhra Pradesh and Gujarat.  Uttar 
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Pradesh alone contributing about 40 % of the total pigeon pea production in the country. In 

Gujarat, it is grown in about 2.28 lakh hectares with production of about 2.70 lakh tonnes  

with the productivity of 1185 kg/ha ( 2012-13). This crop is grown in almost all the districts 

of the state except in areas receiving low rains and light soils in Saurashtra region. Major 

pigeon pea growing districts are Bharuch, Baroda and Surat. 

Economic importance 

Pigeon pea is a backbone of nutritional security of our country. India produces about 

90 % of the world total production. After gram, pigeon pea is the second most important 

pulse crop in the country, stands first in Gujarat.  It is rich source of protein (23.1 %) and 

supplies a major share of the protein requirements of the vegetarian population of the 

country. It is mainly eaten in the form of Dal.  Seeds of pigeon pea are also rich in iodine and 

essential amino acids like lycine, cystine and arginine. The outer covering of its seed together 

with part of the kernel provides a valuable feed for milch cattle. The husk of pods and leaves 

constitute valuable cattle feed, woody parts of the plant are used for fuel as well as roofing 

purpose. It is a legume crop and consequently possesses valuable properties as restorer of 

nitrogen into the soil.  It profusely adds the organic matter in the soil due to shattering of the 

leaves.  It is a tap-rooted crop having indeterminate habit in flowering so it can withstand the 

adverse weather situation. Extensive cover of this crop prevents wind and water erosion of 

the soil  

Climatic requirement 

Pigeon pea grows well in warm tropical and sub-tropical climate. The crop prefers a 

fairly moist and warm climate during the period of its vegetative growth.  During the 

flowering and ripening stages, it requires bright sunny weather for the setting of fruits.  It is 

highly susceptible to frost at the time of flowering.  Cloudy weather and excessive rainfall at 

flowering time damage the crop to a great extent. Flowers are dropping in the cloudy 

weather. It tolerates moisture stress due to its deep root system.  

Soil 

      It does well on fertile, well-drained sandy loams to black soils. It is also grown on 

sandy to clay soils.  The saline-alkaline and water logged soils are unfit for its cultivation as 

they adversely affect nodulation.  

Field preparation 

Being a deep-rooted crop, it requires a deep and well-pulverized field, which is free 

from weeds and clods.  Deep ploughing (15 cm) with soil turning plough followed by two to 

three cross harrowing and proper levelling should be done to ensure uniform irrigation and 

proper drainage. Planking should follow each ploughing.  
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Sowing time 

  Immediately after onset of monsoon. For timely sowing of succeeding crop, it should 

be raised by applying pre-sowing irrigation.  

Method of sowing: With the help of seed drill or sown behind the plough 

Seed rate 

     Sole crop    : 12 to 15 kg/ha for early maturing varieties 

                        : 10 to 12 kg/ha for mid late varieties 

     Mixed crop :  6  to  7 kg/ha 

Seed treatment 

  Rhizobium bacterial culture is given before sowing because leguminous crops have 

root nodules with capacity to fix atmospheric nitrogen in the soil, which helps in minimizing 

the N requirement of the crop. Nitrogen is therefore require as starter dose, latter on the crop 

takes N fixed by Rhizobium. 

Spacing 

       1) Early maturing varieties : 60 cm x 15 cm 

       2)  Mid late varieties : 90 cm x 15 cm 

      3)  Inter crop : Early maturing varieties of greengram/ blackgram/cowpea should be sown   

                              in between rows of pigeonpea at 75 cm / 120 cm. 

Spacing should be kept 120 cm x 45 cm and 120 cm x 30 cm for AGT 2 and Vaishali 

varieties, respectively.    

  Manures and fertilizers 

Manures 

FYM  @ 8- 10 t/ha should be applied and incorporated in the soil at the time of field 

preparation.  Apply 250 kg gypsum/ha under north Gujarat conditions,while 150 kg/ha under  

middle Gujarat conditions  in addition to recommended dose of fertilizer (25:50:0 N:P:K 

kg/ha). 

Fertilizers 

N kg/ha P2O5 kg/ha K2O kg/ha Time of application 

25 50 0 As basal before sowing 

 

          Application of gypsum and zinc sulphate @ 200 kg/ha and 25 kg/ha are found 

beneficial if the soils are deficient in sulphur and zinc, respectively. If soil is deficient in 

micro-nutrients, they should be applied accordingly. 
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Interculturing and weeding  

The period of first 60 days is very critical in the life cycle of pigeon pea. Two 

interculturings and hand weedings, first at 30 days and second at 45 days after sowing should 

be carried out. Under scarcity of labours, pendimethalin @ 1.0 kg/ha as pre-emergence 

should be applied in north Gujarat zone. 

Irrigation 

Being a rainy season crop, it does not require irrigation but in case of prolonged 

drought during the reproductive period of growth, one or two irrigations may be needed.  If 

irrigation facilities are available, two irrigations are given after cessation of rainy season at 

flowering and grain formation in pods that resulted into double yield.  

Crop rotation 

 Development of short duration varieties maturing in 130-160 days have made it possible to 

grow a second crop during rabi season. Several crops like wheat, gram, lentil, sugarcane etc. may be 

grown after pigeon pea crop. 

Intercropping 

a) Three rows of groundnut + one row of pigeon pea (3:1) 

b) Two rows of pearl millet + one row of pigeon pea (2:1) 

c) Three rows of pearl millet + one row of pigeon pea (3:1) 

Plant protection  

Insect- Pests: Aphids, Jassids, Pod borer and Pod fly 

Diseases: Wilt and  Sterility mosaic  

Harvesting : When leaves dried, fall down and most of the pods (75 %) are dried, harvesting 

should be done by cutting the whole plant. Threshing should be done by beating the plants 

with sticks and grains are separated and cleaned. 

Varieties 

Sr. 

No. 

Variety Maturity 

days 

Area of sowing 

1 BDN 2 150-160 All pigeon pea growing areas, resistant to wilt disease, 

mid late maturity 

2 ICPL 87 120 Early maturing variety, red colour seeds, pod seting in 

bunch, pods matures at a same time, feasible for narrow 

spacing 
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3 Manak 120-125 Early maturing, seeds small, semi spreading, suitable 

for double cropping, popular in northwest plains, 

developed at Hisar. 

4 GT 100 125-140 Early maturing variety and for intercropping, pod 

setting in bunch, seed and vegetable purpose 

5 ICPH 8 125-140 ’’, yield 2500 kg/ha,red colour seeds, hybrid variety 

6 GT 1 150-160 Vegetable variety, 5100 kg green pods/ha 

7 C 11  - South Gujarat for rabi cultivation,  Released in1998 

8 GT 101 130-140 Individual pod setting and big size seeds 

9 GT 103 - 1496 kg grain /ha 

10 SVT 1 125-140 Released by GSFC, Vadodara for vegetable purpose 

11 Banas  130-140 Resistant to Fusarium wilt, seed size medium 

Research Stations 

Main Pulse Research Station - Sardar Krushinagar 

Sub Stations – Vadodara, Anand,Bharuch, Navsari and Junagadh 

Yield : 800 - 1000 kg seeds/ha   

***********  
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9 GREEN GRAM  (MUNG BEAN or MOONG) 

Botanical name:  Vigna radiata L. Wildzek 

Family:   Leguminoseae (Fabaceae) 

Origin:   India and Central Asia 

Area and Distribution 

Green gram is cultivated in the countries of India, Burma, Srilanka, Pakistan, China, 

Fiji, Queens land and Africa. 

 India is the major producer of green gram in the world and grown in almost all the 

States. It is grown in about 36 lakh hectares with the total production of about 17 lakh tonnes 

of grain with a productivity of about 500 kg/ha. The important green gram growing states in 

the country are Orissa, Maharashtra, Andhra Pradesh, Madhya Pradesh, Gujarat, Rajasthan 

and Bihar. 

In Gujarat, it was cultivated in total area of about 1.15 lakh hectares with the 

production of 0.52 lakh tonnes with an average yield of 452 kg/ha (2012-13). It is mainly 

cultivated in the districts of Kutch, Banaskantha, Sabarkantha, Mehsana, Surendranagar and 

Ahmedabad, however, almost all districts are growing green gram in the State. 

Economic importance 

Greengram is an excellent source of high quality protein (25%) having high 

digestibility. It is consumed as whole grains as well as  "Dal" in a variety of ways in our food.  

Sprouted green gram is used in the preparation of curry or a savory dish (South India). It is 

supposed to be easily digestible and hence the patients prefer it. It is also a good source of 

Riboflavin, Thiamine and Vitamin C (Ascorbic acid). When green gram is sprouted, seeds 

synthesized remarkable quantity of ascorbic acid (Vitamin C). Green gram is also used as 

green manure crop. It being a leguminous crop has capacity to fix the atmospheric nitrogen 

(30-40 kg N/ha).  It also helps in preventing soil erosion.  Being a short duration crop, it fits 

well in many intensive crop rotations.  Green gram can be used as feed for cattle.  After 

harvesting the pods, green plants are uprooted or cut from the ground level and chopped into 

small pieces and fed to the cattle. The husk of the seed can be soaked in water and used as 

cattle feed. It is self-pollinated crop. In North India, it is cultivated in both kharif and summer 

seasons and in South India, it is cultivated in rabi season.  

Climatic requirement 

Green gram is best suited to areas having an annual rainfall of 60 to 75 cm. It requires 

a hot and warm climate. Greengram is considered to be hardiest among all pulse crops and 
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can tolerate drought to a great extent. Hence, it is successfully grown in any adverse 

conditions and particularly in drought prone areas during kharif season. However, water 

logging and cloudy weather are harmful for the crop. It is grown in all the three seasons in the 

country. 

Soil 

Green gram can be grown on a variety of soils ranging from sandy loam to black 

cotton soils having good drainage capacity. Saline and alkaline soils are not suitable for green 

gram cultivation.  Green gram is very sensitive to water logging conditions. 

Field preparation 

Field is prepared by one or two ploughing followed by two or three cross harrowing 

and planking. The field should be well leveled and free from weeds and stubbles. 

For summer season crop, pre-sowing irrigation should be given immediately after 

harvesting of the previous crop Field is prepared at Vapsa conditions by giving two or three 

ploughing by local plough or harrow. Each ploughing/harrowing should be followed by 

planking to make the field levelled and to minimize the loss of moisture by evaporation from 

the soil. Planking operation is important in summer season to prevent the losses of moisture 

from the soil. 

Time of sowing 

Sowing is done on onset of the monsoon in kharif season and during second fortnight 

of February to first fortnight of March in summer season. 

Method of sowing 

Sowing should be done behind the local plough or with the help of seed drill. 

Seed treatment 

  Before sowing, seeds should be treated with Thiram or Captan @ 2 to 3 g/kg of seeds. 

It is also desirable to treat seeds with suitable rhizobium strain if crop is taken in the field first 

time. 

Spacing : 45 cm x 10 cm (kharif)  ;   30 cm x 10 cm (rabi and summer) 

Seed rate:  

15 to 20 kg/ha (kharif season)  

20-25 kg/ha (rabi and summer seasons)  

Seeds should be sown at a depth of 5-7 cm. 

Manures and fertilizers 

 Well decomposed FYM @8-10 t/ha should be incorporated into soil at the time of 

preparation of the soil. 
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N kg/ha P2O5 kg/ha K2O kg/ha Remarks 

20 40 0 As basal application 

 

Irrigation 

For rainfed crop, irrigation is not needed but drainage is very important because this 

crop is very much sensitive to water logging. 

For summer season crop, five to six irrigations may be given.  First irrigation should 

be given at 20-25 DAS and subsequent irrigations should be given at an interval of 12-15 

days. Irrigation should not be given at full bloom stage of the crop. Late flowering and early 

pod filling stages are critical stages for irrigation. 

Interculturing and weeding   

             Application of pendimethalin 30% EC 0.9 lit/ha followed by imazethapyr 10% SL 

0.75 kg/ha PE followed by hand weeding at 25-30 DAS or pendimethalin 1.0 kg/ha PE 

followed by quizalofop-ethyl 50 g/ha at 15-20 DAS  to control weeds effectively in 

mungbean.  

Cropping system 

Early maturing varieties mature in 60-70 days and they can be fitted between kharif 

and rabi season crops. Green gram is grown as mixed crop with pearl millet, sorghum, maize 

and cotton. 

Green gram is taken in a crop sequence of sorghum-wheat-green gram, sorghum-

potato- Bajra (S) 

Plant protection 

Pests: Aphids, Jassids, White flies and Pod borer   

Diseases  

green gram or pearl millet-wheat-green gram. 

Yellow mosaic, Mosaic mottle, Leaf crinkle, Leaf curl, Seed and Seedling rot, 

Cercospora leaf spot. Mosaic is transmitted by whiteflies (Vector) and hence, it should be 

controlled by spraying of systemic insecticides.  

Harvesting 

  When pods are turned into black colour, two to three pickings are done. Pickings 

should be carried out only during morning hours. Threshing should be done in threshing yard 

and seeds are separated and cleaned. 
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Varieties 

Variety Maturity days Recommended area for sowing 

Gujarat moong 3 70 – 75 Yield 1200-1300 kg/ha, Entire state for 

only summer season 

Gujarat moong 4 60-65 Yield 1200 –1300 kg/ha. Kharif and 

summer seasons. Resistant against 

micophomina blight. Synchroneous 

maturity. 

K 851 65-70 Entire state for summer cultivation also and 

pods are matured at the same time having 

synchronous maturity and hence field can 

be harvested at the same time. Yield 1000-

1200 kg/ha. Kharif and summer seasons. 

GAM 5 
 

 For summer cultivation, Released by AAU 

GAN 6, 

Guj. Black Moong 

1 

 
Released by NAU 

 

Research Stations:  1) Main Pulses Research Station - SardarKrushinagar 

                             2) Sub Stations  - Vadodara, Anand, Navsari and Junagadh 

Yield : Kharif season : 600 - 700  kg/ha ;   Summer season : 1100 - 1300 kg/ha  

 

*********** 
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10 BLACK GRAM  (URD BEAN) 

Botanical name:   Vigna mungo (L.) Hepper 

Family:       Leguminoseae 

Origin:       India 

Area and distribution :  

Black gram is grown in the countries of India, Bangladesh, Pakistan, Burma and 

Srilanka. In India, it is mainly grown in the states of Maharashtra, Orissa, Rajasthan, Bihar, 

Madhya Pradesh, Andhra Pradesh, Gujarat and Uttar Pradesh.  In India, it is cultivated in an 

area of about 30 lakh hectares with production of 10-12 lakh tonnes with an average 

productivity of about 500 kg/ha. In Gujarat, it was cultivated in an area of 0.94 lakh hectares 

with production of 0.60 lakh tonnes grains, productivity is being 638 kg/ha (2012-13).  In 

Gujarat, it is more or less grown in almost all districts and its cultivation is mainly centered in 

Panchmahals,Sabarkantha and Vadodara districts.  

Economic importance :   

It is used as a food in form of "Dal" in both the ways i.e. whole or split, husked and de-

husked. It is a chief constituent of "Papad". Also used in "Dosa", "Idali", "Halwa” and 

"Imarati sweets". It is also used as nutritive fodder for milch animal.  It acts as soil binder due 

to deep rooted system prevent soil erosion and also used for green manuring purpose. It has 

high nutritive value 24 % protein, 60 % carbohydrates and richest in phosphoric acid, 5 to 10 

times richer than others. It contains 1.5 % amino acids, vitamins and minerals etc. The crop 

also builds soil fertility by fixing about 70-90 kg N/ha.               

Climatic requirement 

It is a hot weather crop grown in kharif season in north and central India. In eastern 

states, it can be grown in winter, whereas, in southern India, it can be grown both in rabi and 

kharif seasons. Heavy rainfall at flowering is harmful. Crop is sensitive to photoperiod and 

does well under short day conditions.  

Soil 

Does well on the soils ranging from sandy loam to heavy clay except alkaline and saline 

soils. 

   Soil preparation 

One ploughing followed by two to three harrowing and planking should be carried out. 
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Sowing time: Onset of monsoon 

Seed rate: 15- 20 kg/ha 

Seed treatment: Seed should be treated with Thiram @ 3 g/kg of seeds. The seeds also are 

inoculated with the rhizobium strain and PSB.   

Spacing:  45 cm x  10 -15 cm 

Manures and fertilizers  

FYM @ 8-10 t/ha and 10-20-00 kg NPK/ha as basal. Application of sulphur @ 20 

kg/ha is found beneficial if the soils are deficient in sulphur. 

Irrigation 

During kharif season, irrigation is not required but good drainage is essential. For 

summer season crop, 4-6 irrigations are required at an interval of 10-15 days depending upon  

weather conditions and soil type. Flowering and pod filling stages are critical stages for 

irrigation. 

Interculturing and Weeding  

One or two hand weeding and interculturing should be carried out upto 40 DAS to 

check weeds. Application of Pendimethalin @ 1.0 kg/ha as pre-emergence in 500 litres of 

water controls the weeds in this crop. 

Cropping system 

Black gram is grown as either mixed or intercropped with other kharif crops sorghum, 

maize, pearl millet, pigeonpea and cotton.  

Plant protection 

Pests: Jassids, Aphids, Whitefly and Pod borer 

Diseases : Yellow mosaic, Powdery mildew and leaf spots 

Yellow mosaic is transmitted by whiteflies,hence spray systemic insecticide for 

controlling it.  

Harvesting 

The crop is harvested when most of the pods turned into black colour. Harvesting is 

done by cutting the whole plants and allowed to dry on threshing floor for few days. After 

complete drying, threshing is done manually or by trampling under bullock feet. Cleaned 

seeds are stored having 8-10 % moisture.  

Yield:  800-1000 kg/ha 
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Varieties 

Sr. 

No. 

Variety Maturity 

days 

Remarks 

1 T 9 75-80 Entire state for kharif and summer season and 

synchronous maturity, photo-insensitive, yield 800-

1000 kg/ha cultivation, hairs on stem, branch, leaves 

and pods 

2 TPU 4 70-75 More height, bold seed and synchronous maturity, 

yield 1200 to 1500 kg/ha, Medium plant height, no 

hairs on stem, branch, leaves and pods 

3 Pusa-1 80-85 Resistant to yellow mosaic, photo-insensitive, yield 

1200 to 1500 kg/ha 

4  Guj. Urd 1 70 Released during 2004. Seeds are greenish black. Yield 

1100-1200 kg/ha, 14 % higher yield over T-9, hairs on 

stem and pods only.  

            

      Research stations :      Main :  Sardar Krushinagar  

                                  Sub :   Vadodara and Navsari 

 

**********  
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11      C L U S T E R B E A N 

Botanical name : Cyamopsis  tetragonoloba 

Family :  Leguminoseae (Fabaceae) 

Origin :  It is assumed to have developed from the African species Cyamopsis senegalensis. 

It was further domesticated in India and Pakistan, where it has been cultivated for 

many centuries. 
 

Area and distribution 

               It is grown in the countries of India, Pakistan, USA, South Africa, Sudan, Brazil, 

Malawi and Australia. In India, it is grown in Rajasthan, Gujarat, Haryana, Punjab and 

western U. P. Among the different states, Rajasthan is the major producer of guar. In Gujarat, 

it was cultivated in an area of 2.07 lakh hectares with production of 1.29 lakh tonnes grains, 

productivity is being 623 kg/ha (2012-13). 

Economic importance 

* Increase soil fertility 

* Green nutritious fodder for animals 

* Green pods can be used as vegetables                  

* N–Fixation (25-30 kg/ha) is done by guar  

* It is also used as green manure (40-50 kg N/ha) 

* Seed contains protein 18 % and about 30-33 % gum in the endosperm 

* Widely used in food, pharmaceuticals and oil industries 

Climatic requirement 

 Clusterbean is a tropical plant. It tolerates high moisture stress. It is most suited to 

arid and semi arid regions of India where rainfall is scanty and uncertain. 

Soil 

 It grows on a wide range of soil types and comes up well even on poor sandy soils 

with low fertility. Sandy loam, medium black and light soil are most suitable to crop but can 

not with stand against water logged conditions. 

Field preparation 

 Minimum land preparation is requird for the crop. Two cross ploughings with a desi 

plough or cross harrowing with a tractor is sufficient for sowing the crop. 

Time of  sowing : Last week of July 
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Method of sowing :  The seeds are sown in open furrows for better retention of moisture 

from showers. 

Seed rate : 15 kg seed/ ha  

Spacing : 45 cm x 10-15 cm  

Manures and fertilizers 

 Apply 10 t FYM / ha at the time of field preparation. It responds to phosphorus 

applicatin and thus requires 25 kg N + 50 kg P2O5/ha (RDF). The fertilizers are applied as 

basal at the time of sowing. 

Irrigation  

 Normally kharif crop does not require any irrigation and the field is to be kept well 

drained. If dry spell occurs at flowering and grain development stages, irrigations are 

required.  

Plant protection 

Bacterial blight, Root rot or Wilt and Leaf spot 

The bacterial blight is a seed borne disease and most serious for this crop. 

Harvesting 

 When pods are turned into yellowish colour, the crop should be harvested. Threshing 

should be done in threshing yard and seeds are separated and cleaned. 

Varieties 

 GG 2 ( early maturing variety, pink seed) and GG 1  

Research station 

 Main :   Main Pulse Research Station, Sardarkrushinagar  

Yield : 900 to 1000 kg /ha  

*********** 

 

 

 

 

 

 

  



62 

 

12    G R O U N D N U T  (P E A N U T) 

Botanical name: Arachis hypogea L.  Arachis hypogea is derived from two Greek words 

"Arachis" meaning to legume and "hypogea" meaning below ground, 

referring to the formation of pods in the soil.  

Family  Leguminoseae (Fabaceae) 

Origin: Botanical survey has indicated that Brazil in South America is the most 

likely center of origin of this plant.  In India, Jesuit Father 

(Missionaries) introduced it in first half of the 16th century.  It was 

introduced in Gujarat by Shri Padmabhai Patel of Pipaliya village 

(Rajkot) in 1910 from Tamil Nadu.  

                                    It is also known as peanut, earthnut, monkey nut, manilla nut, pinda,     

                                    goober and kingpin of oilseeds, unpredictable legume and energy     

                                    capsule.                                                               

                  Area and distribution 

World production of groundnut reached a record of about 21 million tonnes. The most 

important groundnut producing countries in the world are India, China, USA, West Africa, 

Sudan, and Nigeria etc. India ranks first in the world in area  (8.5 million hectares contributes 

about 40 % of the total world’s area) and production (8.4 million tonnes contributes about 33  

% of the total world's production). The average productivity of India is only about 988 kg/ha  

as against 2995 kg/ha in USA, 2688 kg/ha in China, 1379 kg/ha in Brazil, 1360 kg/ha in 

Indonesia and 1145 kg/ha in Nigeria. 
 

Among all oilseed crops, groundnut accounts for more than 40-50 % in area and 60 to 

70 % in production in the country. Among oilseed crops, groundnut has first place in the 

country. In India, it is grown in an area of about 85 lakh hectares with the total production of 

84 lakh tonnes. Its cultivation in India is mainly confined to the States of Gujarat, Andhra 

Pradesh, Tamil Nadu, Karnataka, Maharashtra, Madhya Pradesh, Uttar Pradesh, Rajasthan, 

Punjab and Orissa. About 80 % of the total area and 84 % of the total production in the 

country are confined to first five States.  The highest productivity of groundnut  (1604 kg/ha) 

is in State of Tamil Nadu, while in Gujarat the productivity is about 1190 kg/ha.  
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Table shows the position of the States with respect to area, production and productivity 

Area Production Productivity 

Gujarat Gujarat Tamil Nadu 

Andhra Pradesh Tamil Nadu Gujarat 

Karnataka Andhra Pradesh Punjab 

Maharashtra Karnataka Andhra Pradesh 

Tamil Nadu Maharashtra Uttar Pradesh 
 

 In Gujarat, groundnut is grown in an about 20 lakh hectares area with total production 

of about 26 lakh tonnes annually. In Gujarat State, groundnut is grown mainly in the districts 

of Junagadh, Amreli, Rajkot, Bhavnagar, Jamnagar and Sabarkantha etc. Saurashtra is the 

heart of the Gujarat and India for groundnut production.  

Economic importance 

Groundnut kernel contains about 47-49 % oil and 20 % protein. Its kernel as a whole 

is highly digestible. The kernels are eaten as either roasted or fried and salted. The biological 

value of the groundnut protein is among the highest of the vegetable protein and equals that 

of casein. Groundnut oil is famous for use in human diet and Gujarati peoples like it more in 

preparation of their foods as compared to other edible oils. Groundnut oil is primarily used in 

the manufacturing of vegetable ghee. Groundnut is a good source of all B vitamins except 

B12.  They are a rich source of thiamin, riboflavin, nicotinic acid and vitamin E. 1 g kernel 

supplies 5-8 food calories. 

The oil cake obtained after the extraction of the oil is a valuable organic manure and 

animal feed. It contains 7-8 % N, 1.5 % P2O5 and 1.5 % K2O. It is a good rotation crop being 

legume as it build up the soil fertility by fixing atmospheric nitrogen through root nodules 

which adds about 12 to 40 kg N/ha and   also act as a efficient cover crop for land exposed to 

soil erosion. The per capita consumption of edible oils in India is about 5 kg/annum, which is 

far less than the world average of about 13 kg and one fourth of 20 kg/capita consumption in 

developed countries. Plant haulm used as valuable foods. Shell is used for fuel, thus it is four 

fold crop i.e. food, fodder, feed and bio-fertilizer.  

Groundnut is classified according to Waldron or Growth habits. 

(1) The erect or bunch type: include Arachis hypogea sub species fastigiata short duration 

(95-105), early manuring, and high yielding and almost free from dormancy, high 

germination percentage (90-95). 
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(2) The spreading or trailing type: include Arachis hypogea sub species procumbens. Lal. 

Long duration (110-120 days), late maturity, high yielding ability and have dormancy (60-

75%), low germination per cent (85-90). 

 

Characteristics of main axis and laterals 

Main and 

laterals 

Erect Bunch Spreading Semi-

spreading 

Trailing 

Main axis Short and erect Long and 

erect 

Very short and 

erect 

Intermediate 

between 

bunch and 

spreading 

Medium length 

and erect 

Laterals Erect, slightly 

oblique to main 

axis but almost 

parallel to it. 

Oblique to 

main axis 

Spread 

horizontally 

along the 

ground usually 

an inch above 

ground except 

the tips. 

Prostrate up 

to a few 

internodes 

and then 

begin to 

ascend in a 

bow shaped 

pattern. 

Trail along the 

ground they 

are flat on the 

ground up to 

the extreme 

tip. 

 

The groundnut as such can be classified as erect or bunch, spreading, semi-spreading 

and trailing types. 

 

Climatic requirement 

Groundnut is a tropical plant requires a long and warm growing season. It grows well 

in areas receiving 50 to 125 cm of well-distributed rainfall during growing season, abundance 

of sunshine and relatively warm temperature. Soil temperature is an important factor and its 

effects are critical on seed germination, emergence of seedlings, early plant growth, rate of 

flowering, and pod development. When soil temperature goes below 19 ºC, emergence of 

seedlings is low. The optimum temperature for vegetative growth of groundnut is ranging in 

between 26 to 30 ºC depending on the cultivar. Reproduction growth is maximum at 24-27 

ºC. The maximum rate of growth of pods between 30 to 34 ºC as it requires about a month of 

warm and dry weather. Light influences both photosynthesis and respiration in groundnut. 

The opening of flowers and number of flowers both depend on light. 
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In India, groundnut is generally sown in four seasons 

Kharif:  About 85 % of the total groundnut in India is sown in the kharif season under 

rainfed conditions. 

Rabi: Groundnut is grown in rabi season on a limited area where winter is not severe 

and night temperature do not go below 15 ºC. This crop is usually cultivated in 

rice fallow field and utilizes the residual moisture after harvest of rice or with 

minimal irrigation (5-9). Rabi groundnut is raised on coastal regions, river 

deltas of Krishna, Godavari and Kaveri aand other irrigated areas in part of 

Tamil Nadu, Andhra Pradesh and Karnataka. 

Summer:    Summer cultivation of groundnut is mainly taken in the states of Tamil Nadu, 

Andhra Pradesh, Karnataka, Gujarat and Maharashtra states (9-12 irrigations). 

Spring: Spring cultivation of groundnut is taken in the states of Uttar Pradesh, Punjab 

and West Bengal etc. 

Soil :         

Groundnut does well in the well drained, light textured, loose, friable and sandy and 

sandy loam soils which helps in easy penetration of pegs and their development and also 

harvesting. Clay or heavy soils are not suitable for this crop as they interfere in penetration of 

pegs and make harvesting quite difficult. Groundnut is sensitive to soil salinity. It gives good 

yields in the soil having the pH between 6.0 to 7.5, well supplies with calcium and a 

moderate amount of organic matter.  

Field preparation  

                   Although the groundnut is a deep rooted crop, but looking to its underground pod 

forming habit, deep ploughing should be avoided, because it encourages development of pods 

in deeper layers of soil which makes harvesting difficult. Adequate rains at sowing are 

necessary for proper germination and good plant growth and well-distributed rainfall during 

the crop period ensures normal vegetative growth, increased flowering and proper 

development of pods. One ploughing with soil turning plough followed by two harrowing 

would be sufficient to achieve a good surface tilth up to 12-18 cm depth.                 

Seeds and sowing 

Bold and filled pods should be selected and shelled by using either hand or power 

operated decorticator just before sowing. Form the shelled seeds, small, shriveled, damaged 

and broken seeds should be removed and only bold ones should be used for sowing.  
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Seed treatment 

For control of seed borne diseases, treatment of groundnut seeds with Thiram (3 g/kg 

of seeds), Mancozeb (3 g/kg of seeds) or carbendazim (2 g/kg of seeds) is recommended. 

Thereafter, seeds should be inoculated with proper strain of Rhizobium culture particularly in 

those fields where groundnut is to be grown first time. Seed are treated with chlorphyriphos 

20 EC @ 25 ml/kg of kernels for control of white grubs. To break the seed dormancy of 

spreading type varieties, give the seed treatment of etharel. 

 Some times rodents and crows are noticed to take away the seed from the field; 

therefore, use of repellent like Pinetar and Kerosene for seed treatment are recommended to 

keep the intruders away but the care should be taken to avoid any injury to the kernels. 

Sowing 

Usually groundnut sowing is undertaken with the onset of monsoon.  But where 

irrigation facilities are available, pre-monsoon sowing should be done in the last week of 

May or in the first week of June with pre-sowing irrigation, which increased the yield by 46 

% in Gujarat and in Punjab, shifting of sowing date from normal time of first week of July to 

20th June increase the pod yield of about 19 %. Early sowing helps in best utilization of 

monsoon by the crop because germination of all seeds will take place before rains start and 

the field is also vacated in time for the sowing of the winter (rabi) crop. Rabi crop is sown 

from September to December depending upon vacate of the rice fields. The summer crop is 

sown in the last week of January (second fortnight of December to first week of February 

depending upon the temperature prevails in the regions) to first week of February. The spring 

crop is sown from the second fortnight of February to first week of March after harvest of 

toria and potato crops. 

Sowing method 

Seeds should be sown about 5 cm deep with the help of country seed drill or they are 

sown behind the country plough. Dibbling of seeds by keeping 60 cm distance in row to row 

and 10 cm distance in plant to plant for spreading type and 45 cm x 10 cm in bunch type 

helps in saving the seed requirement and also increased the yield as the sufficient space is 

provided around the plant for its better growth and development.  

 Groundnut is generally sown in flat beds with 30 cm x 10 cm spacing. In Saurashtra 

region of Gujarat, set furrow system of groundnut cultivation is still practice by the farmers.  

In set furrow system, farmers use same furrows (90 cm) year after year for groundnut 

cultivation. 
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 In cross method of sowing, total seed lot is divided in to two parts, first half of the 

seed lot is sown in one direction by adopting recommended row to row spacing and second 

half lot is used for perpendicular sowing just to first direction by adopting same row spacing. 

This method of sowing helps in maintaining optimum plant population and found 

advantageous where groundnut cultivation is succeeds by rice cultivation.  

 In paired row sowing method, two pairs of rows are spaced at 45-60 cm with a 

spacing of 22.5-30 cm within the pair. This method also gives about 20 % higher yield than 

line-sown crop. 

  Broad bed and furrow method is useful in high rainfall area having deep vertisol 

where drainage of excess water is a problem. In this method, stored moisture in the furrows 

are utilized effectively by the crop and gives about 15 % higher yield than flat bed method. 

Spacing 

Spreading varieties:  60 cm x 10 cm 

Bunch type varieties: 45 cm x 10 cm 

Selection of seeds 

 Quality of seeds is of prime importance for establishing the optimum plant stand. 

Pods for seed purposes should be stored unshelled in a cool, dry and well-ventilated place. 

For seed purposes, pods should be shelled by hand 1 week before sowing time. Hand shelling 

insures little damage to seeds. Pods shelled long before sowing time are liable to suffer from 

loss of viability and storage damages. Discard shriveled, small and diseases kernels. Only 

bold seeds should be used for sowing to get good stand. 

Seed rate 

Seed rate is always depends on the spacing, type of seeds and germination percentage. 

Use of optimum seed rate is the key factor for maintaining recommended plant population  
 

Spreading type varieties:  80-100 kg/ha according to the size of kernels  

Bunch type varieties:  100-125 kg/ha according to the size of kernels  

Manures and fertilizers 

Manures                                 10 t/ha well decomposed FYM or compost/ha  

Fertilizers 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

12.5 25.0 50.0 + As basal application 

               +  In Potash deficient soil  
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The pod formation and development of groundnut is greatly influenced by fertilizer 

application. Lime application accuse better nodulation. 

The entire quantity of phosphorus should be applied about 4-5 cm in the side of the 

seed and 4-5 cm below the seed level before sowing.  N may be applied preferably in the 

form of ammonium sulphate as it contains sulphur, which is directly involved in biosynthesis 

of oil. Phosphorus fertilizer is very much important as it promotes root growth and 

development of rhizobium and helps the crop to tide over moisture stress. Single super 

phosphate is the best source of phosphorus as it contains 16  % phosphorus besides 19.5 % 

calcium and 12.5% sulphur.  Gypsum is the cheapest source of calcium  (24  %) and sulphur 

(18.6 %). Well powdered gypsum may be applied to the crop @ 125 kg/ha when it is in peak 

flowering stage on the soil surface as close to the base of the plant as possible because 

calcium is picked up by the peg and the developing pod.  Calcium too has pronounced effect 

on proper development of pods and kernels. Groundnut being a legume and oilseed crop has 

greater requirement for sulphur and phosphorus. P is a constituent of enzymes, 

phospholipides and protein, while S is a constituent of S containing amino acids and helps in 

fatty acid synthesis. Calcium is another important mineral for groundnut production. 

Groundnut has unique characteristics of absorbing about 75 % of S and Ca through 

gynophores and developing pods. 

 Due to ever increasing cost of chemical fertilizers, greater emphasis has been given on 

the use alternate and renewable source of fertilizers. Rhizobium inoculation is found 

beneficial in the areas where groundnut is introduced first time. It has been reported that 15-

30 % and 15-50 % yields can be increased in summer and kharif cultivation of groundnut by 

inoculating the seeds. 

Yellow leaf deficiency (Fe deficiency) is corrected by spraying of 1 % FeSO4 + 0.01 

% Citric acid (15 g FeSO4 + 1.5 g Citric acid in 10 liters of water). Yellowing of veins (Zn 

deficiency) is corrected by spraying of 0.2 % ZnSO4 or basal application of ZnSO4 once in 

three years @ 50 kg/ha. Unfilled pods (boron deficiency) are corrected by 0.1  % borex. 

Irrigation 

Groundnut being a rainy season crop, it does not require irrigation unless the dry spell 

period prolonged and irrigation facilities are available. If dry spell occurs, irrigation may 

become necessary during critical stages. Flowering, peg formation and pod development 

stages are critical for irrigation in groundnut. Life saving irrigation during the critical stages 

of the crop growth results in an increase in pod yield to the extent of 63 % in Gujarat, shelling 

is increased by 5 %. However, lack of soil moisture at these stages was found to be most 
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crucial factor holding up groundnut production. Hard soils are irrigated before harvest to 

facilitate easy harvest.  

It is recommended to spray 4 % kaolin on groundnut plants when dry spell occur. 

Aftercare operations 

1) Interculturing and weeding  

Weeds result in severe competition with the crop and cause a considerable reduction 

in yield to the extent of 25 to 50 % based on nature of weed infestation in the field. Weed 

problem is very severe in the initial stage due to slow growth of the crop. The critical period 

of weed competition was found to be from 28 to 42 days after sowing.  The Crop should be 

kept absolutely weed free up to 60 days of sowing by following 2-3 interculturing operations 

followed by hand weeding but care should be taken that soil should not be disturbed at 

pegging and pod formation stage. The earthing up should also be taken up simultaneously  

with interculturing operations. Basic idea of earthing up is to promote easy penetration of 

pegs in soil as soil also to provide more area to spread.  

For efficient weed control following herbicides could be sprayed in groundnut. 

Name of herbicides Doses Remarks 

Pendimethalin      1 kg /ha As pre emergence 

Oxyflourfen 240 g /ha - do- 

Imazethapyr  75 g /ha As post emergence 

Quizalofopethyle or 

Fenoxaprop-p-ethyl 

100 g /ha - do-  

              

 Application of MH (Maleic hydrazide) near maturity results in inducing dormancy in 

the pods for about 20-30 days which checks the germination of matured pods even if they get 

water. Thus it helps in easy harvesting of the crop. If the soil has dried the field may be 

irrigated and the crop can be harvested by the help of plough harrow or cultivator.  

Application of growth hormone like planofix or vardhak at the time of flowering have been 

found to reduce excessive vegetative growth and flowering period which ultimately increases  

the number of effective pods/plant, test weight and the yield/unit area. The most ideal time 

for hormonal application in groundnut is 40 to80 days after sowing and the best concentration 

is 20 ppm. 
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Plant protection measures 

Pests :  Aphids, Jassid, Thrips, Whiteflies, Leaf miner, White grub, Army warm and   

             Heliothis etc.  

            Diseases : Tikka, Stem rot, Rust, Leaf spots 

Intercropping 

 In Gujarat following inter cropping systems are possible. 

Groundnut + Castor (3:1 ratio) 

Groundnut + Pigeon pea (3:1 ratio) 

Groundnut + sunflower (3:1 ratio) 

Groundnut + Sesamum (6:1 ratio) 

Other crop rotations are 

 Maize (summer)- groundnut- gram or sarson 

 Groundnut – onion or garlic 

Green gram  - Groundnut – wheat 

 Maize - groundnut – pea 

Lobia - groundnut –wheat 

Harvesting 

The prominent symptoms of maturity are yellowing of foliage, spotting of leaves and 

dropping of old leaves. The pod is mature when it becomes hard and tough and when there is 

dark tint on the inner side of the cells. Harvesting before maturity lowers the yield due to 

shrinkage of seeds when they dried.. Delaying in harvesting germinate the seeds in the filed it 

self due to dormancy in bunch type of varieties. In spreading varieties, more pods remains in 

soil due to broken of roots, which reduce yield and increase labour cost for picking up the 

pods from the soil. 

In case of bunch type of groundnut, the plants are harvested by pulling. Harvesting of 

spreading type of groundnut is done by local plough or with the help of blade harrow.  Leave 

the harvested crop in small heaps for two to three days for curing and drying.  After drying, 

collect the crop at one place and detach the pods either by hand or by using pucker or thresher 

for separating the pods from the plants. The dried fodder, which is also known as haulm, is 

used in cattle feed.  

Drying and storage of pods 

The pods for storage must contain moisture less than 9  % and kernels 8 % as the 

higher moisture level in the produce are congenial for the production of aflatoxin caused for 

lever cancer of our body.  
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Yield 

1500 to 2000 kg/ha (spreading type), 1000 to 1500 kg/ha (bunch type). Ratio of the 

kernels to pods is 70:30 (kernels and shell).  

Varieties 

Important characteristics of the improved groundnut varieties in Gujarat State are given 

below in Table.  

Sr. 

No. 

Name of 

variety 

Year 

of 

release 

Area 

recommended 

for cultivation 

Pod 

yield 

kg/ha 

Oil 

% 

Days to 

maturity 

Shelling 

% 
Remarks 

1 2 3 4 5 6 7 8 9 

1 GG-2 1986 Gujarat 1336 49.6 98 72.8 Early maturing and 

high yielding 

2 GG-11 1987 Gujarat 1430 48.6 110-114 72.6 Suitable for pre- 

monsoon sowing 

3 GG-12 1991 Gujarat 1437 49.6 112-115 71.2 Early maturing and 

suitable for rainfed 

conditions 

4 GG-20  1991 All Gujarat 

except North 

Gujarat 

1960 50.7 109 73.4 High yield and  oil 

Suitable for HPS 

5 GG-13 1994 Gujarat 1511 49.6 120 69.2 Suitable for pre -

monsoon sowing& 

High yield 

6 GG-5 1996 Saurashtra 1270 49.2 100 73.7 Bold seeded 

7 GJG- 

HPS-1 

2008 Saurashtra& 

South Gujarat 

2125 47.9 110-120 67.6 High yield and 

Suitable for HPS 

and confectionary 

uses 

8 GJG-9 2010 Gujarat 1632 48.1 103 72.5 High yielding 

9 GJG-22 2011 Saurashtra& 

South Gujarat 

1770 51.6 118 72.5 High yielding 

tolerant to collar rot 

 

                                In addition to the above varieties, TAG 24 (Trombay Akola Groundnut 24), TG 26, 

TG 37 –A and TPG 41 (Trombay Parbhani Groundnut 41) are also recommended.               
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S U M M E R   G R O U N D N U T  

            Summer groundnut cultivation is presently confined to six states in the country. In 

order to the importance, they are Andhra Pradesh, Tamil Nadu, Gujarat, Maharashtra, 

Karnataka and Orissa.  

            The area under irrigated summer groundnut accounts for about 16 % of the total area 

and contributes to about 28  % of the total production. The yield level of summer groundnut 

is almost double than those of kharif groundnut.  The average productivity of summer 

groundnut in the Gujarat was around 2287 kg/ha as against 502 kg/ha in kharif season. 

Summer cultivation in Gujarat was about in 0.66 lakh hectare with the production of 1.51 

lakh tonnes. (2012-13). Since the irrigated crop is not subjected to vagaries of monsoon rains 

and is less exposed to pest and disease complexes, there is an immense possibility of   

increasing productivity and stabilizing   production   of groundnut. Weeds infestation is also 

less in summer season as compared to kharif and they are easily controlled, as the rain is not 

interfering in the intercultural operations. Besides these, the crop is highly responsive to 

irrigation and gives maximum water use efficiency.  

Time of sowing 

                              Third week of January to first week of February is most suitable period for sowing of 

summer groundnut. Early sowing affects the germination due to low temperature results in 

lower yield and delay in sowing damaged the pods as it is matured at the time of onset of 

monsoon. The time of sowing for summer groundnut is depend upon the soil and atmospheric 

temperature. The minimum temperature in the top layer of soil should not be less than 18 ˚C. 

If it is goes below 18 ˚C, emergence of groundnut seedlings is slowed down resulting in poor 

plant stand and ultimately gives lower yield.  

Soil 

The crop does well in the well-drained, sandy loam soils. Groundnut is sensitive to 

soil salinity.  

Varieties 

Sr. 

No. 

Name 

of 

variety 

Year of 

release 

Area 

recommended 

for cultivation 

Pod 

yield 

kg/ha 

Oil 

% 

Days to 

maturity 

Shelling 

% 

Remarks 

1 2 3 4 5 6 7 8 9 

1 GG-2 1984 Gujarat 1947 49.0 120 70.5 High 

yielding 

2 GG-4 1993 Gujarat 2007 50.8 119 74.4 - do - 

3 GG-6 1999 Gujarat 2782 50.3 119 73.0 - do - 

4 GJG-31 2010 Gujarat 3483 49.2 117 70.6 - do - 
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Life period 

                              Summer   groundnut varieties require 110-120 days for maturity, which matures 

within 90-100 days in kharif season.  The reason for delay in maturity during summer season 

is due to the fact that in summer it requires 10 to 15 days for its germination as compared to 

4-5 days for germination in kharif season.  

Seed rate 

100 kg/ha healthy kernels should be used for sowing for getting appropriate plant 

population because plant population is one of the limiting factors for groundnut production.  

Seed rate is depends upon the size of the kernels. The farmers are using less seed rate because 

of its high cost.  

Seed treatment 

As per kharif season crop  

Spacing 

The spacing should be 30.0 cm between the rows and 10 cm between the plants. Cross 

sowing can also be used but there was no any remarkable difference in yield was observed in 

cross and line sowing crop of groundnut. 

Fertilizers requirement 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

25 50 50 + As basal  

                + In Potash deficient soil  

                     

Well powdered gypsum @ 300 kg/ha should be applied at the time of peg formation 

(when it is in peak flowering stage  (40 DAS) on the soil surface as close to the base of the 

plants as possible) as it contains 24 % calcium and 18.6 % sulphur, which help in oil 

synthesis.  

Weed control 

Two hand weedings or interculturing twice or thrice between the rows till the crop permit (up 

to flowering only) should be carried out for controlling the weeds. In   scarcity and 

unavailability of labour, herbicides should be sprayed as per kharif crop.  

Irrigation 

Generally 8-9 irrigations are required for the crop season. After the crop is 

established, it is necessary to withheld the irrigation for about 25 days and create stress which 

will encourage early flush of heavy flowering, root development, nodulation and checks 

excessive vegetative growth.  
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 Furrow method is the most effective with maximum water use efficiency of 3.71 

kg/ha-mm and also saves about 2-3 irrigations as compared to border strip and check basin 

irrigation methods. 

Harvesting 

The bunch variety matures in about 110-120 days.  Harvesting before maturity lowers 

the yield. Hard soils are irrigated before harvest to facilitate easy uprooting of the plants. 

Generally in bunch variety, harvesting is done by hand pulling of the whole plants a day after 

light irrigation. The fresh and matured pods are picked up manually in the field itself and 

dried in the threshing yard depending upon the weather conditions otherwise the plants are  

allowed to dry it along with the pods in the field and then carted at the threshing yard and 

pods are separated with the help of thresher. The pods are allowed for drying in the threshing 

yard till they contain 9 % moisture for good storage. The dry haulm (fodder) is used as cattle 

feed.  

Research Stations 

• ICRISAT (International Crop Research Institute for Semi-Arid Tropics), Patancheru, 

Hyderabad (AP) 

• ICAR- Directorate Groundnut Research,  Junagadh, Gujarat 

• Research Stations in Guj. : Main : Junagadh  

                                                Sub  : Talod, Anand and Vyara 

 

***********  
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13      C A S T O R 

Botanical name:  Ricinus communis L. 

Family:   Euphorbiaceae 

Origin: According to available literature, castor is indigenous to 

Eastern Africa and most probably originated in Ethiopia. It is 

also possible that castor is originated in the tropical belt of both 

India and Africa. In India, castor is known from very early days 

and is referred to in Sanskrit literature.                    

Area and distribution 

 Castor is grown under varied conditions of climate including tropical, sub tropical and 

temperate. However, its cultivation is largely confined to the countries lying between 52’ N 

to 40’ S latitude. The major countries growing castor are India, China, Brazil, USSR and 

Thailand, Africa,Philippines and Pakistan.  

                    India ranks first in the world in respect of acreage (10.4 lakh hectares) and 

production (17.33 lakh metric tonnes) in the world(2014-15). It contributes about 66 % of the 

world’s acreage and 83 % of total output. Following Brazil, India occupies the next 

prestigious market position in the world’s castor market and each year exports substantial 

part of its total produce to earn foreign exchange. The major castor growing states in the 

country are Gujarat, Andhra Pradesh, Tamil Nadu, Orissa and Rajasthan. It is also grown in 

the states of Uttar Pradesh, Mahrashtra, Karnataka, Madhya Pradesh and Bihar.  

                    The Gujarat state ranks first position in the country with respect to area and 

production and productivity among all major castor growing states in the country because 

majority of farmers are adopting hybrid varieties and cultivating this crop as irrigated crop (In 

river belt and dry farming areas, it is taken as rainfed crop). In Gujarat, it is grown in an area 

of about 7.15 lakh hectares with an annual production of about 14.56 lakh tonnes of castor 

seeds (2014-15).The most important castor growing districts in Gujarat are Mehsana, 

Sabarkantha, Banaskantha, Kutch, Ahmedabad, Kheda, Vadodara, Rajkor, Jamnagar and 

Gandhinagar. In other districts except Valsad, Dangs and Navsari districts, it is cultivated in 

more or less area. Gujarat developed the hybrid variety first in the world. 

Economic importance 

Castor is an important industrial non-edible oilseed crop. Castor seed contain 45-47 % 

non-edible oil, which is used as domestic, medicinal and industrial purposes. Castor oil is 

used as a lubricant in all moving parts of the machinery and particularly high speed engines 
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and aero planes. Hydrogenated castor oil is used in polishes, varnishes, transparent paper, 

linoleum, plasticizers, ointments, waxes, printing ink, cosmetics, hairdressing, soaps etc. In 

dyeing industries and disinfectants, it is used for the preparation of Turkey red". Castor oil is 

also used as purgative. It is used in many veterinary uses. It is also used for medicinal and 

lighting purposes. It is use externally as an emollient and also used as soothing medium when 

dropped into the eyes of animals after removal of foreign bodies. Oil received from small  

seeded variety is of very good quality and specially used as a medicine, while oil received 

from bold seeded variety is used for lightening and lubrication etc.  

                  Because of its deep root system, drought hardiness and quick growth, it finds a place of 

prestige in the cropping systems of dryland agriculture in semi-arid zones of India. The castor 

cake is valuable manure for field crops but due to the presence of poison "Ricin", it is not 

feed to the cattle. It is useful as a trap crop because root contain  "ricin" (poisonous alkaloids) 

which kills nematodes entered into roots. It is used as windbreak crop for sugarcane, papaya 

and banana crops. In eri silk-producing areas, leaves are fed to eri worms. The plant stalks are 

used for fuel purpose or as that ching material or for preparing paper pulp. 

Castor plant is also grown on the border of the nursery for natural insect control. The 

prodenia (leaf eating cater pillar) may lay the eggs on the lower side of the leaves of the 

castor, which can be destroyed by picking the leaves, and buried into the soil. This crop is 

also helpful as a trap crop as roots of plants trap the nematods. 

Dry leaves of castor contain 24 % crude protein along with "ricin alkaloid which is 

poisonous but green mature leaves can be fed to the cattle with proper care i.e after washing 

them into the water.  

Castor seed and castor cake are highly poisonous to man and animal because it 

contains a toxic alkaloid ricinine and ricin. But the castor cake is a good source of organic 

manure as it contains 4.5  % N, 1.75 % P2O5 and 1.5  % K2O and also control white ants and 

nematodes.  

Climatic requirement  

Castor requires a moderately high temperature 20 to 27 ˚C with low humidity 

throughout the growing season. It grows best in areas where there are clear warm sunny days.  

Prolonged cloudy weather with high temperature at the time of flowering resulted in poor 

seed setting, which is known as sex reversion.High temperature above 41 ºC at flowering 

time even for as short period results in blasting of flowers.  

                    The plant is considered to be very resistant to drought but even than about 80-100 

mm evenly distributed rainfall is required for optimum growth. Heavy rainfall at flowering 
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reduces the yield. Castor plant is very susceptible to frost but some annual cutivars can grew  

even an altitudes of 1200 to 2100 m, e.g. Nilgiris, if sown in March- April, perennial varieties 

are grown at still higher altitude for shade in coffee estates.  

Soil 

                             Castor can be successfully grown on any type of soils except clays as the castor crop is 

highly susceptible to water logged conditions. It is generally grown on red loam soils in 

peninsular Indian and on light alluvial soils in northern states. Inferior soils not fit for 

valuable commercial and food crops are often used for raising castor crop. The crop cannot 

tolerate alkalinity of soil but withstand slight to moderate acidity of soil. Its cultivation 

should however be confined to upland areas as this crop is highly susceptible to water logged 

conditions. 

Field preparation 

Castor being a deep-rooted crop requires well-prepared seedbed (deep rooting 

medium). Deep ploughing in summer is necessary to break up any compact layer in the soil 

so that roots can penetrate deep in the soil to obtain moisture from deep layer of the soil 

during dry periods. Deep ploughing will also increase water-holding capacity of the soil. Disc 

harrowing should be done followed by ploughing to break clods, level the seedbed and 

destroy weeds. The seedbed should be moist to a depth of 15-20 cm. 

Sowing time 

1. For rainfed crop - onset of the monsoon i.e.Second fortnight of July 

2. For irrigated crop -  July end to 15th August 

                             -   For GCH 5 : 15th August to first fortnight of September 

                                                    : 15th  October (As a Rabi crop) 

Seed rate 

1. For irrigated crop - 5 to 6 kg/ha ( For dibbling method ) 

2. For rainfed crop   - 10 to 12 kg/ha 

Seed treatment 

Seeds should be treated with 1g Bavistin or 3 g Thiram/kg of seeds for controlling 

seed and soil borne diseases. 

Spacing 

For  irrigated crop    :  90-150 cm x  60-75 cm 

For unirrigated crop : 90-120 cm x 45-60 cm   

The seeds may be sown at 8 cm depth behind the plough or by seed drill for rainfed crop.Gap 

filling should be done within 10-12 days and keep one plant per dibble for irrigated crop.  
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Manures and fertilizers 

Manures 

Well powdered FYM @ 10 t/ha or Castor cake @ 1 t/ha 

Fertilizers 

For rainfed crop 

   N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

40 40 00  

20 40 00 As basal application 

20 00 00 At flowering stage i.e. 45 DAS 

For Irrigated castor  

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

120 25 00  

40 25 00 As basal application 

40 00 00 40- 50  DAS 

40 00 00 70-80  DAS 

 

 For GCH 7 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

180 37.5 00  

45 37.5 00 As basal application 

45 00 00 35-40  DAS 

45 00 00 65-70  DAS 

45 00 00 95--100 DAS 

 

Integrated Nutrient Management( INM ) 

75 % N through fertilizer + 25 % N through FYM or Castor cake or Green manuring   

or 

75 % N through fertilizer + 25 % N through FYM + Azospirillum seed inoculation 

(50 g culture/ kg seed)  

In sulphur deficient soil, 20 kg S /ha should be applied through gypsum @125 kg/ha. 
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Irrigation 

                   Castor is mostly raised under rainfed conditions. However, it has been observed that it 

responds very well to irrigation. Castor being a deep-rooted crop can extract water from 

considerable depth in the soil. Irrigations may thus be relatively heavy and less frequent. For 

higher yields, wherever, possible 2-3 heavy irrigations may be given. In case of soil moisture 

deficiency at flowering stage, essentially one irrigation be provided. In heavy rainfall areas, 

proper drainage is most essential.  

Under irrigated conditions, 3-4 irrigations at an interval of 15 to 20 days should be 

given after cessation of monsoon.  
 

Advantages of Drip Irrigation system 

Sr. 

No. 

Name of zone Water saving Higher castor yield as compared 

to surface irrigation method 

1 North Guj. 24 % 36 % 

2 South Saurashtra 29 % 43 % 

 

Interculturing and weeding  

Conditions during kharif season are conducive to rapid and luxurious growth of 

weeds. Weeds compete with the plants in the early stage of growth. Weed competition period 

is found initial 45 Days. To control the weeds, 2 hand weedings, one at 30 days of crop 

growth and the other after 60 days of crop growth should be given. Two interculturings 

should be carried out before flowering stage.  

 Under poucity of labourers, farmers of  north Guj. and south Saurashtra are advised 

to apply pendimethalin 0.9 kg/ha as pre-emergence to control the weeds.  
 

Relay cropping 

             The farmers of north Guj. Agro-climatic zone are advised to adopt relay cropping 

systems of castor in greengram for minimizing the risk. Greengram should be sown in paired 

row(30-60-30 cm) and castor should be sown in between two pairs as a relay crop before 

harvest /picking of the greengram.   

           The farmers of middle Gujarat are recommended to adopt soybean-castor relay 

cropping system for getting castor equivalent higher yield and net return. Soybean NRC 37 is 

to be sown 45 cm apart in first fortnight of July and castor GCH 7 in second fortnight of 

August wherein, skip one row for sowing of castor after two rows of soybean.  
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Crop rotation 

 To save the crop from fusarium wilt, crop rotation is non-monetary input and take it 

after three years. 

Plant protection measures 

Pests 

Semi looper, Capsule borer, Jassids, Thrips and Whiteflies 

Diseases 

Bacterial leaf spot, Wilt, Root rot and Blight 

Nipping of axillary buds 

 If all axillary buds on the main shoot are nipped soon after emergence of the primary 

spike and thus a single main spike is allowed to develop, not only the duration of the crop is 

reduced but also yields are increased substantially (This practices are followed for local 

varieties only).  

Harvesting 

It takes 145-280 days to mature. Harvesting is done when capsules turn yellowish and 

approximate 15 to 20% capsule dried.  However, all the capsules do not mature at the same 

time. The central spike on the main rachies mature first and then after the spikes on the side 

branches start maturing. Therefore, generally two to three pickings may be needed for 

harvesting the entire crop.  The spikes should be dried in the sun light for four to five days 

and then threshed by beating the dried capsules with wooden sticks or trampling under the 

bullock feet or with the help of electrical thresher.  The main spike is ready for harvest at 90 

to 100 days and remaining spikes should be harvested at an interval of 15 days   according   

to their maturity.  Shattering   should   be eliminated. Harvesting of pre-maturing spikes lead 

to poor yield and   ultimately oil yield with poor quality. Harvested capsules should   allow 

drying under sun light for 5 to 6 days before threshing. 
 

Yield 

1500 kg/ha (Rainfed crop) 

3500 kg/ha (Irrigated crop)  

Research Stations 

AICRP on Castor : Sardar Krushinagar, Junagadh and Anand 
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Varieties 

Varieties Year of 

Release 

Parents Av. yield 

(kg/ha) 

Remarks 

GAUC 1 
1973-74 VI  9 1242 Unirrigated, Double bloom, Greenish 

stem 

GAUCH 1 1973-74 VP 1 x VI  9 1518 Irrigated and Unirrigated,Greenish 

stem,Triple bloom 

GCH 2  1984 VP 1 x JI 35 1747 Irrigated and Unirrigated,Resistant to  

root rot, Triple bloom 

GCH 4  1986 VP 1 x 48-1 1985 Irrigated, Triple bloom,Pinkish stem, 

GC 2 1994 1-21 x VI  9 1707 Irrigated and Unirrigated,Pinkish 

stem,Triple bloom 

GCH 5 1995 Gita x SH 72 2826 Pinkish stem,Double bloom,Suitable 

for late sowing, Irrigated and 

Unirrigated  

GCH 6 1999 JP 65 x JI 96 2325 Pinkish stem, Resistant to  root rot, 

Unirrigated 

GCH 7 2006 SKP 84 x 

SKI 215 

3000 Irrigated, Pinkish stem,Triple bloom, 

Resistant to root rot and nematod 

GC 3 2007 (JP 65 x JI 

96) x 48-1 

2050 Irrigated and Unirrigated, Pinkish 

stem,Triple bloom,Resistant to wilt  

GCH 8 

 

2018 
 

JP 96 x  

DCS 89 

 

3680 

Notified as new hybrid variety, 

developed by SDAU  

Oil content : 49.7% , 16.1% higher 

yield than GCH 7, Resistant to 

Fusarium wilt and  

moderately resistant to Macrophomina 

root rot 

GCH 9 2017 Identified as new hybrid variety, developed by JAU 
 

NAU and AAU developed varieties GNCH 1 and GC 101, respectively.  

            The bloom or waxy coating found on the stem and certain parts of the castor plants is 

a natural protection to the plants both from pests and diseases and drought. 
 

*********** 
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14      S E S A M U M   ( T I L OR S E S A M E ) 

Botanical name:  Sesam indicum L. 

Family:   Pedaliaceae 

Origin: Sesamum originated in South-Western Africa; from there it 

might have come into India through Malayan and Indonesian 

regions probably before the Aryans came into this country. 

Sesamum has been under cultivation in India since ancient 

times. It can be called one of the earliest domesticated plants. 

Some people believes that sesamum in wild form (black) was 

found in India as its use is religious functions in mentioned in 

Sanskrit. 
 

Sesamum commonly known as til is one of the important edible oilseeds and 

cultivated in India. It is grown in different seasons and regions of the country. The crop is 

also grown more than one season in the same region. The crop is also grown as kharif crop. 

In central and western regions comprising parts of Madhya Pradesh, Andhra Pradesh, Gujarat 

and Maharashtra, it is grown in September – January. Sesamum has also gained popularity as 

a summer crop (January – May) after potato or late rice in West Bengal, Bihar and orissa. 

However, in South India, the crop is taken in all three seasons. 

a) Kharif: July – August to November - December under rainfed conditions. 

b) Rabi: Between November and January – February 

c) Summer: Irrigated crop between March and June 

Classification 

 Different variety classifications have been worked out separating varieties on the 

basis of the following characters. 

1) Maturity period:  

a) Early: varieties possessing less number of flowers and branches. 

b) Late: Varieties possessing more number of flowers and branches. 

2) Seed colour: 

a) White seeds:   Possessing less number of flowers and braches 

b) Black seeds:  Possessing more number of flowers and branches. 

3) Number of carpels in the capsules 

a) Bicarpellatum:  Possessing 2 carpels in the capsule. 

b) Quadricarpellatum: Possessing 4 carpels in the casule. 
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Area and distribution 

             The most important Sesamum growing countries in the world are India, China, Sudan, 

Burma and Mexico. India occupies the first place both in regard to acreage (23.9 lakh 

hectares) and production (4.9 lakh tonnes).  

It is grown in the country since antiquity. India is the major producer of this crop in 

the world and occupies well over 36 % of the total acreage and contributes about 25 % of the 

total output. In India, its cultivation is largely confined to the States of Uttar Pradesh, 

Rajasthan, Madhya Pradesh, Andhra Pradesh, Orissa, Gujarat, Tamil Nadu and Karnataka. 

Uttar Pradesh comes first in India with respect to both acreage and production.  

In Gujarat, sesamum was cultivated in about 1.26 lakh hectares area with an annual 

production of about 0.42 lakh MT of seeds with the productivity of 335 kg/ha (2012-13). 

The major sesamum growing districts in Gujarat are Amreli, Bhavnagar and Kutch, 

However, Sesamum is grown in almost all the districts except Valsad and Dangs as a kharif 

and semi-rabi crop. Now sesamum cultivation is also done during summer season as irrigated 

crop in south Gujarat. Gujarat til1 is suitable for summer cultivation.  

Economic importance 

Sesamum is usually rich in oil (50 %) and protein  (18-20 %). Nearly 78 % of the 

sesamum seed produced in India is used for oil extraction, 21.5 % for sowing purpose and 

rest is used in confections and in religious Hindu ceremonies. Nearly 73 % of the oil is used 

for edible purposes, 8.8 % for hydrogenation, 4.2 % for industrial purpose in the manufacture 

of paints, pharmaceuticals and insecticides.  

Seeds are eaten fried and mixed with sugar and in several forms in sweet. Oil is 

important cooking oil in south India. Oil is reach in saturated, mono and poly unsaturated 

fatty acids.  It is really the poor man's substitute for "ghee". It is also used as perfumed oil. 

Lower grade oil is used in soap making industries.  It finds also a number of medicinal uses.  

The oil cake is an edible cake. It is eaten mixed with sugar by poor peoples.  It is also used as 

a cattle feed especially for milch animals. It is also used as manure as the til cake contain 6.0 

-6.2  % N, 2.0-2.2 % P2O5 and 1.0-1.2 % K2O. Sesamum seeds are mixed with gur and 

crushed in bullock drawn locally made mill and crushed material is used to feed the bullocks 

in rural areas. 100 gram of seeds provides 592 calories. 

Climatic requirements 

Sesamum is basically a crop of warm regions of the tropics and sub-tropics. It grows 

in plains as well as up to an elevation of 1230 m. It requires fairly hot conditions during 

growth for maximum yield. A temperature of 25 to 27 ºC encourages rapid germination, 
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initial growth and flower formation. Low temperatures at flowering can result in the 

production of sterile pollen or pre-mature flower dropping. Sesamum is extremely susceptible 

to water logging and heavy continuous rains. About 500-650 mm rainfall is optimum for its 

cultivation. Sesamum is susceptible to hail damage at all the stages of the crop growth.  Frost 

is also harmful to the crop but in semi rabi season it is beneficial for better growth. It is 

cultivated in kharif season in north India and in south India; it is cultivated both in kharif and 

rabi seasons. Sesamum is highly sensitive to seasonal variation in terms of day length and 

temperature. Therefore, varieties recommended for commercial cultivation are location and 

season specific. 

Soil 

                   Sesamum continues to be raised traditionally under rainfed conditions and on 

marginal and sub marginal soils with little care. Well-drained light to medium textured soils 

is preferred. Under irrigated conditions, the crop can effectively be grown under medium 

textured soils. Very sandy, alkaline and acidic water logged soils are not suitable for its 

cultivation. Soils with a neutral reaction are preferred but good results have obtained on both 

slightly acidic and slightly alkaline soils. The crop will grow well in soils having pH reaction 

in the range of 5.5 to 8.0.  It can also be grown on loam to heavy clay soils, which are well 

drained. This crop should be grown in the soils where wilt disease not occurred in past.  

Field preparation 

Seeds of sesamum are very small in size; therefore, the seedbed should be fine, firm 

and compact for good germination of the seeds. Usually one ploughing brings the field in 

good condition for sowing. Field should be prepared in the first fortnight of May.  

Sowing time 

Kharif:        Onset of the monsoon  (Last week of June or First week of July) 

Semi-rabi:  5th August to 10-15th September 

Rabi:          October to November in south India. 

Summer:    Last week of to January to first week of february 

Sowing method 

The crop is generally broadcasted. To obtain higher yields and to facilitate 

interculturing operations, line sowing is recommended. The seeds of sesamum are very small 

in size, so these should be mixed with dry soil or sand or well powdered FYM for uniform 

sowing (distribution). There should be enough moisture in the soil at the time of sowing. The 

depth of sowing should not be more than 2-3 cm.  
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Seed rate 

2.0 to 2.5 kg/ha (drilled crop).  

Spacing 

45 cm  x 10- 15 cm 

Seed treatment  

Treat the seeds with Thiram or Captan @ 2-3 g/kg of seeds for the control of leaf spot 

disease.  

Thinning 

         This is an important low cost input, which should be done scrupulously. When plant 

attains about 12 to 15 cm height, thinning should be done by keeping only one plant at 

recommended plant to plant distance i.e. 10 to 15 cm intra-row spacing.Excess populations 

will results in poor capsule setting and low population will affect yield. So there should be 

optimum population. Early thinning will facilitate good establishment and proper use of 

fertilizers. 

Manures and fertilizers 

Manures  :  Well decomposed FYM @ 10 t/ha  

Fertilizers 

Kharif crop 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

50 25 0  

25 25 0 As basal drilled in furrows before sowing 

25 0 0 After one month of sowing when moisture is 

sufficient 
 

Semi-rabi crop 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

25 25 0  

25 25 0 As basal drilled in furrows before sowing 
 

Irrigation 

                    Usually kharif and semi-rabi crop is grown as rainfed.  But the crop is very 

susceptible to drought in various physiological growth stages. If dry spell prolonged   and 

irrigation facilities are available, irrigation should be given to the crop. The crop requires 

about 50 cm of water during the entire growth period. First irrigation should be given to the 

crop at 25 to 40 days of sowing. Second and third irrigations should be given at flowering 

(45-50 DAS) and pod development stages (65-70 DAS). If it considered essential to irrigate 

at or just after, maximum flowering in order that capsules may develop fully. Give light 

irrigation on a calm and during windless evening to avoid lodging. 
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Interculturing and weeding 

During kharif season, the sesamum is usually heavily infested with weeds. The slow 

initial growth of sesamum seedlings makes them poor competition with more vigorous 

weeds. Therefore, in weed-infested fields, weeding at the early stage of the crop growth is 

quite essential. First weeding should be done when the plants are 15-20 cm tall or about 20-

25 days after sowing. Second weeding should be done after 40 to 45 days of sowing. Two to 

three interculturings should be done as and when required.The earthing up should also be 

taken up simultaneously with interculturing operation to support the plants 40 to 45 DAS.  

Plant protection measures 

Insects : Leaf roller, Gall fly 

Diseases : Phyllody, Leaf spot disease 

Harvesting 

The plants leaves and capsules show the symptoms of yellow colour at maturity. The 

whole plant is cut with the help of sickle and plants are tied into small bundles. Stack the 

bundles erect on the field or on the threshing yard up to five to seven days for drying. The 

dried bundles are shaking to separate out the seeds on the floor of the threshing yard or on the 

carpet spread on the field.  This procedure is followed for three to four times till the seeds are 

separated from all the capsules.  If the harvesting is delayed, seed shattering from the dried 

capsules may occur and ultimately resulted in the yield loss. The dried stalks are used for fuel 

purpose.  

Mixed cropping and crop rotation 

 Kharif sesamum is usually grown both as pure and mixed crop. In northern India, 

sesamum in generally grown mixed with pigeon pea, sorghum, pearl millet, groundnut, cotton 

and maize crops. It can be also grown as inter crop with groundnut (2:6), black gram (1:3) 

and pigeon pea (3:1). Inter cropping with black gram or maize or pigeon pea or moth bean or 

green gram reduces the disease incidence of the crop. 

Varieties 

Variety Maturity days Area recommended for sowing 

Gujarat til 1 

(1979) 

85 Entire State, For kharif (White seeds) and 

summer season, 630 kg/ha yield 

Gujarat til 2 

(1994) 

 790 kg/ha yield 

Purva til 1 120 Semi-rabi (Brown seeds) 
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Gujarat til 3, Gujarat til 4, Gujarat til 5 and Gujarat til 10 (Black seeds) were also 

recommended for cultivation.  

Yield 

         300 to 400 kg/ha 

Research Stations 

• Main Oilseeds Research Station, Amreli 

• Sub Research Stations - Sardarkrushinagar, Junagadh,Talod 

 

 ***********  
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15 S O Y B E A N 

Botanical Name:  Glycine Max Merril. 

Family:   Leguminoseae (Fabaceae) 

Origin:                         North-East China 

Soybean is reported to have originated in Eastern Asia or China. There is no available 

record of introduction of soybean into India. However, it has been traditionally grown in 

Northern hills and several other scattered pockets in the country and has become an essential 

part of the daily diet in these regions. 

Area and distribution 

  Soybean is one of the important crops of the world cultivated over an area of 71.85 

million hectares with a production of 154.32 million tonnes. The important soybean growing 

countries are USA, China, Brazil, Mexico and Russia.  The USA alone has about 50 per cent 

of the world production. In India, it is grown in an area of 7.67 million hectares with 

production and productivity of 7.83 million tones and 1039 kh/ha, respectively. 

Production of soybean in India is restricted mainly to Madhya Pradesh, Uttar Pradesh, 

Maharashtra and Gujarat. It is also grown on a small acreage in Himachal Pradesh, Punjab 

and Delhi. It is mainly cultivated in the districts of Pnchmahal,Dahod and Baroda. In Gujarat, 

it was grown in an area of 0.47 lakh hectares with the productivity of 779 kg/ha (2012-13).  

Economic importance 

Soybean seed contains about 18-22 % oil and 40-42 % high quality protein (as against 

7.0 % in rice, 12 % in wheat, 10 % in maize, 20-25  % in other), which is rich in the valuable 

amino acid - Lysine  (5%). In addition, it contains a good amount of minerals, salts and 

vitamins  (Thiamine and Riboflavin) and its sprouting grains contain a considerable amount 

of Vitamin C. Bread, Chapati, Milk, Pastries, Sweets etc. can be prepared with soybean. 

Wheat flour fortified with soybean flour makes good quality and   more nutritious  "Chapati".  

Soybean oil is used for manufacturing Vanaspathi Ghee and several other industrial products 

such as soymilk, soya flour, cake, biscuits, varnish and paint and different antibiotics.  It is 

used for making high protein food for children. 

Soybean builds up the soil fertility by fixing large amount of atmospheric nitrogen 

through the root nodules. It can be used as fodder and its forage and cake are excellent 

nutritive feeds for livestock and poultry. It also enriches soil by fixing atmospheric N. 

Approximately 85 % of soybean produced is utilized for oil extraction,10 % for seed and 5 % 

for food purpose. 
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      Soybean being a richest, cheapest and easiest source of best quality protein and fats 

and having a vast multiplicity of uses as food and industrial products and hence it is called as 

wonder crop. 

Climatic requirement 

Soybean grows well in warm and moist climate. A temperature of 30 º C appears to be 

the optimum. The minimum temperature for effective growth is about 10 ºC. A lower 

temperature tends to delay the flowering. Day length is the key factor for this crop as they are 

short day plant and are sensitive to photoperiods. The day length less than 14 hours is 

favourable for early flowering and maturity. Rainfall at maturity deteriorates grain quality. 

Soil 

  Soybean can be grown on all type of soils having good drainage capacity. However, it 

grows well in well-drained loams or medium deep black soils. Saline/acidic or water logged 

soils are not suitable for this crop as it is sensitive to water logging. 

Field preparation 

Land should be well levelled and free from crop stubbles. In general, the preparation 

of the land for soybean should be the same as it is for groundnut.  One or two deep ploughing 

with moldboard plough followed by two harrowing and planking should be carried out. 

Seeds and sowing 

Seeds should be treated with fungicide like Thiram or Captan @ 2-3 g/kg of seeds, 

which reduce the seedling rot and thereby   seed rate.  For efficient biological   fixation   of 

atmospheric nitrogen, it is essential that soybean seeds should be inoculated with suitable 

strain of Rhizobium japonicum culture before sowing (Prepare a Gur solution by mixing 

about 116 g Gur in 930 ml of water and then boiled it for 10 to 15 minutes and cool it up to 

normal temperature and then add 250 g Rhizobium culture in this solution and mixed it 

thoroughly. It is enough for 25 kg soybean seeds).  Moist the seed with water and mixed the 

above solution uniformly with 25 kg seed and then dry them under shade and use for sowing 

purpose. 

Sowing time 

Being a rainy season crop, sowing should be done with the onset of monsoon. If 

monsoon is delayed, sowing should be done up to the end of July. 

Method of sowing 

Sowing should be done with the help of seed drill or behind the plough.  The depth of 

sowing should not be more than 3-4 cm under optimum moisture conditions. If seed is placed 
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deeper or there is crust formation just after sowing, the seed germination may be delayed and 

may result in a poor crop stand. 

Seed rate:  60 kg/ha 

Spacing:  45 cm x 5-8 cm 

Manures and fertilizers 

Manures 

Well decomposed farmyard manure @ 10 t/ ha should be incorporated in the soil at 

the time of field preparation. 

Fertilizers:  30 - 60 - 0 kg NPK/ha as basal application.If soil is deficient in sulphur, apply                       

gypum @500 kg/ha before sowing.   

Irrigation  

This crop does not require any irrigation. However, if there is a long dry spell at the 

time of flowering and pod filling, irrigation should be given. 

Interculturing and weeding 

Two manual weeding and interculturing 20 and 40 days after sowing are sufficient for 

control of weeds. This is done with the help of khurpi, spade, hand hoe etc. Herbicide like 

pendimethalin 0.5 kg/ha as pre emergence should be applied. 

  Pre-emergence application of pendimethalin @ 0.75 kg/ ha + HW at 30 DAS or post  

emergence  application of quizalofop @ 50 g/ ha (in 500 lit. water / ha) + HW at 30  DAS or 

interculturing and hand weeding at 20 & 40 days after sowing should be carried out for 

effective weed management in soybean.  

            Crops like cotton, pearl millet, maize and pigeonpea are grown as inter crop.  In 

Saurashtra areas, following inter cropping patterns are followed. 

1) Pigeon pea or spreading groundnut grown at 60 cm + one line of soybean. 

2)  Pigeon pea or spreading groundnut grown at 90 cm + two lines of soybean 

3)  Hybrid pearl millet or hybrid sorghum sown at 60 cm + one line of soybean 

4) Hybrid pearl millet or hybrid sorghum grown at 90 cm + two lines of soybean 

5)  Cotton grown at 180 cm apart + two lines of soybean 

6)  Hybrid castor grown at 90 cm apart + one line of soybean  
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Plant protection 

Pests:  Leaf minor, Hairy cater pillar, Aphids, Whiteflies, Leaf roller 

Diseases: Pod blight, Seedling rot, Leaf spots 

Harvesting 

At maturity, plants shade the leaves and leaves are turn into yellow colour. The 

harvesting period ranges from 90 to 120 days depending on the varieties. When all pods are 

matured, plants are cut by the sickle and dried for two to three days under sunlight and 

threshing should be done by beating the pods with stick or by trampling under bullock feet. 

Delay in harvesting after maturity results in shattering of seeds from the pods. The grains 

should be fully dried in sun until moisture reaches 10 –12 %. 

 

Yield : 800 kg/ha (as mixed crop), 1500 - 2000 kg /ha (as sole crop)     

Varieties : 

Variety Maturity days Area recommended for sowing 

Gujarat Soybean 1 90 Area receiving low rainfall, 1590 kg/ha 

yield, released in 1983 

Gujarat Soybean 2 120 2240 kg/ha yield, Released in 1983, Area 

receiving heavy rainfall 

Gujarat Soybean 3 - 1350 kg/ha yield, released in 1999 

Shilajeet 105 Bold seeds 

Clark 90-95 Yellow and black haulm 

          

Varieties viz., JS 335, NRC 37 and NRC 47 are also under cultivation.  

Research Stations : ICAR- Directorate Soybean Research, Indore (MP) 

                                  Amreli and Devgadhbaria in Gujarat   

 

*********** 
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D FIBRE CROPS 

16 C O T T O N 

Botanical name :  

Gossypium arboreum L. :  It is a desi cotton/ Asian cotton (n=13). 

Gossypium herbaceum L. :  This species is known as desi cotton/ Asian cotton (n=13). 

Gossypium hirsutum L. :  It is known as American cotton (n=26) 

Gossypium barbadense L. :  This species is perennial type cotton. It is  a Egyptian cotton   

                                              (n=26) 

Family :   Malvaceae 

Origin :   India is believed to be the home of cotton because the art of making cloth 

from cotton was first developed in India. 
 

Area and distribution 

Cotton is one of the most important commercial crops playing key role in economic, 

political and social affairs of the world chiefly as fibre crop. Cotton is cultivated in about 60 

countries of the world but 10 countries viz., Russia, USA, China, India, Brazil, Pakistan, 

Turkey, Egypt, Mexico and Sudan account for about 85 % of the total production.  It is 

cultivated in an area of about 32.9 million hectares with a total production of 41.1 million 

tones of seed cotton. 

In India, cotton is cultivated under rainfed (65%) as well as irrigated conditions  in the 

states of Maharashtra, Gujarat, Karnataka, Madya Pradesh, Punjab, Rajasthan, Haryana, 

Tamil Nadu and Uttar Pradesh. Gujarat is the largest producer of cotton in India followed by 

Punjab and Maharashtra. 

 The increase in total hectares of cotton planting in India is a reflection of acceptance 

of Bt cotton (9.4 million hectares) hybrids by cotton farmers through out country and second 

in total seed cotton production. 

Introduction of Bt cotton took place in 2002. Gossypium hirsutum L. represents more 

than 90 % of the hybrid cotton production in India and all the current Bt cotton hybrids are 

Gossypium hirsutum L.  

             Bt is a short form of ubiquitous soil bacterium Bacillus thuringiensis which is an 

aerobic bacterium characterised by gram positive and spore forming that forms parasporal 

crystals during stationary phase of its growth cycle.This bacteria was first discovered by 

bacteriologists in 1901 and subsequently in 1915 a German scientist isolsted the crystal toxin 

in Thuringen region of Germany.The synthesized crystalline proteins called “endotoxins” are 
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highly toxic to certain insects. They kill the insect by acting on the epithelium tissues of 

midgut of caterpillars.The worm feeding on the leaves of a Bt cotton plants becomes lethargic 

and sleepy,thereby causing less damage to the plant. Bt gene was isolated and transferred 

from a bacterium Bacillus thuringiensis to American cotton.  

In Gujarat, cotton is cultivated in about 27.61 lakh hectares with an annual production 

of about 97.80 lakh bales of cotton (lint) ( 1bale = 170 kg lint) (2015-16).In Gujarat, it is 

widely cultivated in almost all districts except part of Dangs and Valsad districts. Bt.cotton  

is cultivated in more than 80 % of total area sown in Gujarat.Remaining about 20 % area is 

under Desi cotton. 

Economic importance 

Cotton is one of the most important fiber crops playing a key role in the history of 

mankind and civilization. Due to its importance in agricultural as well as industrial economy, 

it is also called as "white gold". Cotton is grown chiefly for its fibers, which are used in 

manufacturing of cloth for the mankind. It is also used for several other purposes like making 

threads, for mixing in other fibers and for extraction of oil from cottonseed.  The oil content 

in the cottonseed ranges from 15-25 % depending on the varieties. Cotton seed cake after 

extraction of oil is a good organic manure and contains about 6 % N, 3 % P2O5 and 2 % K2O. 

Cottonseed and cotton meal are good concentrated feed for cattle. It is also considered as a 

“cash” crop since past. 

By-products: 

Cottonseed constitutes about 65 % of the kapas by weight and contains about 19-20 % 

oil, while the oil content in kernels varies from 31 –34 % depending upon the species. 

Cottonseed oil is rich in essential fatty acid such as myristic, palmitoleic, steric, oleic and 

linoleic. Among this linoleic acid, most important fatty acid is present to the extent of 51 %. 

The deficiency of this fatty acid lead to the narrowing of the arteries causing reduced blood 

supply to the heart. Presently, refined cottonseed oil is widely used for edible purposes as 

well as hydrogenated oils. The coefficient of digestibility of the oil is 97 % and is nutritive 

value is about 9 K calories per gram. The keeping quality of the oil is comparable to those of 

groundnut and safflower oils.  

The cottonseed meal is the production after extraction of oil. It is mainly a protein 

fraction of the seed and has around 50 % protein content. The quality of any protein is 

determined by amino acid composition. Cottonseed protein contains about 70 % of the 

essential amino acids, evincing its nutritive value. This protein is however deficit in 

methionine, tryptophan and lysine. CIRCOT, Matunga (Mumbai - Cotton Technological 
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Research Labouratory) has successfully developed quality parameters such as fibre length, 

fibre strength, number of counts, number of hank, and ginning % at laboratory scale as well 

as method for the protein enrichment of cottonseed meal cake.  

 Cotton linters are those short fibres, which are left on the seed after the removal of 

long fibres for textile purpose. As the cotton linters are the main source of the purest 

cellulose. They constitute a very important industrial row material for various cellulose based 

chemical industries. 

Cottonseed hull is another by-product of cotton, which is very poorly exploited 

commercially. Hull is the seed coat, which constitute about 37 % of the weight of the 

cottonseed. Hulls contain about 35-47% of alpha cellulose, 19-27 % pentosans, 15-20 % 

lignin and 5 % ash, protein and fat etc. Presently hulls are used as roughage in live stock 

rations but this meal can be profitably exploited for the production of a versatile chemical 

furfural, activated charcoal, particleboards etc. CIRCOT developed a technique for 

production of furfural from cottonseed hulls. It has also developed techniques for use of hulls 

in production of particleboards. The average yield of furfural from the cottonseed hull is 

about 12 %. Cotton hulls also can be used to grow edible mushroom crop. 

Presently most of cotton stalk available in the country are burnt off after the harvest of 

the crop. Cotton plant stalk contains 79 % holocellulose, 27 % lignin and 7 % ash. In 

comparison with other crop residues, cotton stalks is closer to hard wood in respect of fibrous 

structure evincing good potential for the manufacture of particle boards, pulp and paper, hard 

boards, corrugated boards and boxes, microrystalline cellulose, cellulose derivatives as a 

cellulose substance for growing mushroom etc. Two types of pulps, Soda and Kraft can be 

prepared from cotton plant stalks. 

Climatic conditions 

  Cotton is warm season crop. It requires a mean annual temperature of over 16 ˚C and 

the annual rainfall of at least 1200 mm distributed throughout the growing season. A daily 

minimum temperature of 16 ˚C is required for germination and 21 to 27 ˚C for proper 

vegetative growth. It can tolerate temperatures as high as 43 ˚C but does not do well if the 

temperature falls below 21 ˚C. During fruiting phase, the day temperature ranging from 27 to 

32 ˚C and cool nights are needed. 

If heavy showers of rains occurred or heavy irrigation is applied during the fruiting 

period resulted in shedding of the flowers and young balls. Abundant sunshine during the 

period of ball formation and harvesting is essential to obtained good quality produce. Cotton 
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plants cannot withstand against frost and hence its cultivation is restricted to an altitude of 

1000 meters only. 

Soil requirements 

Cotton can be successfully grown on black to medium black soils of middle and North 

Gujarat regions preferably black cotton soils of "Kanam" tract of Bharuch district. Cotton 

needs a fertile soil with good moisture holding capacity. Good drainage and aeration are also 

essential, as the crop not withstand against excessive moisture and water logging conditions. 

It is grown on all types of soils, such as sandy loam, loam and clay loam soils. 

Field preparation 

Cotton being a deep-rooted crop requires well-prepared seedbed. The field after the 

harvest of the preceeding crop should be ploughed 15-20 cm deep with mould board plough.  

Black soils require frequent harrowing as these soils are cracked when dried. While other 

soils are prepared by giving one ploughing followed by one harrowing. 

Time of sowing 

          Where irrigation facilities exist, advance planting of cotton should be done between 

second fortnight of May and first week of June by giving one pre-sowing irrigation. In 

rainfed condition,cotton should be sown with onset of  monsoon.  

Method of sowing   

Dibbling in case of Bt.Cotton/ Desi cotton (Irrigated) 

With the help of seed drill in rainfed condition 

Spacing 

Spacing depends on soil type, cotton varieties and  irrigated or unirrigated condition. 

Bt cotton   : 120 cm x 45 cm /120 cm x 60 cm 

Desi Cotton  : 120 cm x 30 cm / 90 cm x 15 cm / 30 cm x 15 cm                 

Seed rate 

 Bt cotton   :  2.0 to 2.5  kg/ha 

 Desi cotton :  8.0 to 10.0  kg/ha ( Irrigated) 

                    : 10.0 to 15.0 kg/ha (Uniirigated) 

Seed treatment 

Acid delinting of cottonseed : Mix 1 kg of commercial grade sulphuric acid (H2SO4) 

with 10 kg desi cottonseed in earthen /plastic container by stirring it vigorously for 2-3 

minutes with thick wooden or glass rod. As soon as the fuzz gets dissolved, add 10 litres of 

water, stir well and drain out water through the perforated plastic basket. Repeat these 
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washings three times to make the seed free from acid residue. Dip the washed seed for about 

1 minute in sodium bicarbonate solution (50 g Sodium bicarbonate in 20 litres of water) to 

neutralize the acid residue on the cottonseed. Give 1 more washing with water and remove 

light damaged and rotten in viable seeds floating on the surface. Dry the healthy fuzz free 

seed in the shade by spreading a thin layer. In case of undelinted cotton seed is used for 

sowing, rub it with earth, cow dung or ash to remove its fuzz and ensure its uniform 

distribution. Treat the seed with recommended fungicides like Thiram @ 3 g/kg of seeds 

before sowing.  

 Treated cottonseed of Bt.varieties are available in market, hence, they have  no 

requirement of seed treatment.       

Manures    : Well decomposed FYM @ 10 t / ha 

Fertilizers  :  

Bt cotton     : 240 kg N/ha in 4 equal splits as a basal, at 30, 60 and 90 days (Middle Guj.) 

                   : 240 kg N/ha in 5 equal splits at monthly interval (South Guj.) 

                   : 240 kg N/ha in 5 equal splits at 30, 60,75,90 and 105 days  (North Guj.)   

                     (Note : (1) Application of 40 kg P2O5 / ha  in phosphorus deficient soil 

                                                   (2) Application of 120 kg K2O / ha or 3 sprays of 3% KNO3 at square 

                                        formation, flowering and boll development  stage in potash                                                              

                                        deficient soil.) 

Desi cotton : Rainfed- 20 kg N/ha as basal and 20 kg N/ha as top dressing at 30-40 DAS 

                      Irrigated-75 kg N/ha; Basal:37.5 kg N and two equal split of N at 30 and 60days 

Gap filling and thinning 

Gap filling is done immediately after germinating of seeds. Gap filling should be done 

with water soaked seeds for quick germination and dibble the seeds at gaps. Thinning is 

carried out by uprooting the excess plants, which are found weak and disease infested or 

damaged. 

Irrigation 

After last effective rainfall, in black soils having good moisture   retentive capacity, 

irrigations should be given at 20-25 days interval. Similarly, in sandy soils, irrigations should 

be given at 10-12 days interval. 

If irrigation is given during square (flower bud) formation and heavy flowering stage, 

the excessive shedding of flower buds and young bolls may occur resulted into low yield. To 

avoid this loss, irrigation should not be given during these growth stages. 
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     If crop is irrigated by alternate furrow method , it saves about 25-30 % irrigation 

water as per soil type.  

                        The farmers of south Gujarat growing irrigated hybrid cotton are advised to adopt drip 

technology under constraints of irrigation water to bring about 0.74 ha additional area under 

irrigation. The system should be operated at a distance of 1.2 m with dripper (4 lph) spaced at 

0.45 m and operated for 60 to 70 minutes on alternate day. 

             Drip irrigation system should be followed in cotton for increasing WUE in any 

Agroclimatic zones. 

             Intercultivation and weeding 

Cotton is highly vulnerable to weed competition especially in the initial stage of 

growth (90 days of its growth). Hence, control of weeds either by manual or by herbicides is 

essential to get high yields. Dry hoeing with hand hoe or spade 5-6 weeks after sowing or 

before first irrigation is very effective in controlling weeds. It should be repeated afterwards 

if necessary. Interculturing in cotton crop is necessary to create mulch, aeration of the topsoil, 

and better intake of water and control of weeds.  

                  Plant protection measures 

Pests: Aphids, Jassids, Thrips, White flies, Red mites, Pink boll worm, Spotted boll 

worm, American boll warm, Army worm, Mealy bug  

                        Bt.cotton offers a promising solution to the serious problems of Pink boll 

worm, Spotted boll worm and American boll warm (Boll worm complex).  

Diseases: Root rot, Fusarium wilt, Anthracnose, Bacterial blight, Leaf spot, Boll rot, 

little leaf 

Harvesting 

Cotton is harvested in three to four pickings by hand as the bolls mature. Picking 

should be done when bolls begin to fully burst and kapas begins to hang down. The kapas 

thus picked should be spread in the sun to dry for two - four hours on a clean surface. Soon 

after the last picking, pull out the cotton sticks along with the roots from the field and bury 

the remaining plant debris with a soil turning plough as a sanitary measures against pests and 

diseases. 

Mixed cropping and crop rotation 

 A common practice in cotton cultivation is mixed cropping with maize, sorghum, 

sesamum, pulses or vegetables as practiced in many parts of central India. Inter cropping with 

ragi, other millets or groundnut is also quite common in parts of Tamil Nadu, Karnataka and 

Andhra Pradesh. 
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 Inter cropping and mixed cropping under rainfed conditions serve both as an 

insurance against crop failure and as prevention against soil erosion.  

The commonest crop rotations for cotton in the irrigated areas of Punjab, Haryana, 

northern Rajasthan and Uttar Pradesh are cotton – wheat, cotton – sorghum and cotton – 

wheat – toria. The growing of berseem and cluster bean has been found to have beneficial 

effect on the succeeding cotton crop. In central and western India, cotton – sorghum, cotton – 

pearl millet, cotton – wheat, cotton – gram and cotton – sesamum are the useful rotations 

followed. Cotton following groundnut has been found to give 15-20 % higher yield than 

following wheat or sorghum. The raising of cotton crop after a legume in a rotation and 

preceded by a grain crop has been found to give a better yield. 

Yield 

Bt       : 2500 kg/ha seed cotton 

Deshi : 1200 to 1500 kg/ha seed cotton, 233 kg lint/ha 

Varieties  

 Bt cotton :   G. cot. Hy. 6(BG II)(2012),  G. cot. Hy. 8(BG II) (2012),  G. cot. Hy. 10 (BG II) 

(2016),  G. cot. Hy. 12(BG II) (2016) : All these varieties  released by NAU 

GTHH 49 (BG II) (2014) : Released by SDAU 

Desi cotton : V 797,G.Cot 13, G.cot 21, Anand Desi Cotton 1  

 

Research Stations 

Central CICR, Nagpur, AICCIP (1966), CIRCOT (Central Institute for Research in 

Cotton Technology, Matunga (Mumbai) 

Main:  Main Cotton Research Station, Surat 

Regional: Bharuch, Anand, Thasra, Talod, Amreli, Viramgam, Junagadh 

Sub: Navsari, Hansot, Achhalia, Devgadhbaria, Khedbrahma, Bhachau, Khapat, 

Dhandhuka. 

Gujarat Cotton Hybrid 4 was released in the year 1971 as first commercial hybrid. 

Gujarat cotton 101  (1977) was the first budded cotton in the world as perennial variety.  

Important hints for irrigated cotton 

• Land should be prepared suitable to irrigation.  

• Appropriate variety should be selected. If land is irrigated partially, early variety of 

Desi type should be selected   and   where irrigation facilities   are   fully available, 

Bt.varieties should be selected. 
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• Avoid excess or stress condition. Irrigate the crop at proper time. Excess and 

improper time of irrigation damage the crop conditions. 

• Cotton should be harvested up to the economic period, if the uneconomic period for 

harvesting is extended may cause for spread of insect and pest for next season. 

• Grow multiple cropping patterns for more economic return.  

• Avoid excess use of infrastructure facilities. 

• Careful consideration of marketing. 

Important hints for rainfed cultivation of cotton 

• Adopt soil and water conservation techniques. 

• Crop rotation should be followed. 

• Preparatory tillage and planning should be considered. 

• Selection of proper variety. 

• Adopt recommended practices for different operations. 

• Adopt mixed cropping to reduce hazards against low production. 

• Careful consideration of marketing. 

 

************ 
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17 J U T E 

Botanical name: Corchorus olitorius L. (Native Africa) 

                          Corchorus capsularia (Native Indo Burma) 

Family              : Tiliaceae 

Origin              : Africa and Indo Burma 

Area and Production 

      Jute is mainly grown in India and Bangladesh. About 70 per cent of the total world 

acreage is in these two countries. Besides above countries, jute is also grown to some extent 

in China, Thialand, Brazil, Peru, Burma, Nepal and Vietnam. 

     Jute production was 10.56 million bales of 180  kg each in  India during 2013-14. It is 

mainly grown in west Bengal, Assam, northern Bihar, south-eastern Orissa, Meghalaya, 

Tripura and eastern Uttar Pradesh. Among these states, west Bengal is the highest jute 

producing state in India.   

Economic importance 

      Jute is an important fiber crop next to cotton. It is one of the major foreign exchange 

earning crop. It is exported as manufactured goods and as raw fiber.The  fiber is used 

extensively in the manufacture  of  gunny cloth,  gunny bags and other packaging materials 

for storing  and transporting  grains,  pulses,  spices,  cement,  sugar,  cotton, fertilizers, wool, 

etc. all over the world. Jute is also used in making ropes, carpets, rugs and wines. Different 

types of cloth in different qualities are made out of fiber for the purpose of upholstery, for 

linoleum, for tapestries etc. 

      The jute stalks stripped of fiber are used an fuel and also for making gum powder  

charcoal. Since recently, the paper industry has been using it as a raw material for coarser 

paper and hard-board. 

Climatic requirements 

      Jute  thrives  best  under a warm  and  humid  climate  with temperature ranging from 

24 to 370 C. 

Soil 

      Jute  can be grown on all kinds of soils from clay to  sandy loam  having  pH  6.0 to 

7.5. Sandy soils  and  heavy  clays  are unsuitable for jute cultivation. 

Field preparation 

    Field is prepared by giving 3 to 4 ploughings followed by  1 to 2 harrowings and 

planking to crush the clods. 
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Time of sowing  -  April 

Method of sowing 

      By broadcasting or drill method at 30 to 45 cm spacing. 

Seed rate : 5 to 10 kg/ha 

Seed treatment 

Before sowing, seed should be treated with Agrosan or Ceresan @ 5 g per kg of 

seeds. 

Spacing : 30 to 45 cm when sown by seed drill 

Manures and fertilizers 

Well decomposed FYM @ 10 tonnes/ha should be applied at the time of field preparation. 

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

       N         P2O5      K2O     Remarks 

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

      40           40       00        kg/ha 

      20           40       00        Basal at sowing time 

      20           00       00        4-5 weeks after sowing 

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

Irrigation 

      One pre-sowing irrigation and three post-sowing  irrigations before onset of monsoon 

are needed. 

Weeding : Two to three weedings are necessary. 

Harvesting 

      Jute  crop  may be harvested for fiber purpose at  any  time before  flowering  between 

120 and 150 days after  sowing. Early harvesting gives finer fiber of good quality, whereas,  

late harvesting  gives a larger yield but a coarser fiber. The ideal stage of harvest is when the 

plants are in small pod stage  viz., 135-140 days after sowing. 

      Harvesting is done by cutting the plants close to the ground level with  sharp sickles. 

The harvested plants are  tied  into separate  bundles of 18-20 centimeter diameter and left  

standing in the field for 2 to 3 days for shedding of leaves. 

Retting 

      Retting is  a process by which the fibres in the  bark  get lossened  and separated from 

the woody stalk. It is a microbial process affected by various aerobic and anaerobic micro-

flora. 
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      Retting  is best done in a shallow canal with  slow  running clear water, where such 

facilities are not available, tanks witha depth of about two metres are quite suitable. The 

harvested  jute bundles  should be kept standing in 30-60 centimetres deep  water for three to 

four days before entire bundle is steeped. Later  on bundles  of jute should be placed side by 

side usually in two  to three layers and together. They are covered with acquatic  weeds. The  

float  is  than  weighed down with  seasoned  logs  or  with concrete  blocks  or are kept 

submerged  atleast  10  centimetres below the surface of water. Retting is best dined at 340 C. 

At the end  of  the  eighth day onwards, the reeds  (stems)  are  to  be examined. If  fiber slips 

out easily from the wood  on  pressure from the thumb and fingers, retting is considered 

complete. Over retting results in dazed weak fiber. 

Extraction 

 Fiber should be extracted from the retted stalks gently, keeping the stalks in water. 

Beating stalks for fiber with wood sticks should be avoided as it spoils the fiber quality. 

Extraction should be done from each reed (stem) separately. It gives cleaner jute fiber. The 

extracted fiber should be dried in mild sun over a bamboo frame or clear surface of any sub-

stratum for two to three days. 

 

************ 
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E Forage Crops 

Importance of forage 

India is basically an agricultural country and about 70 per cent of its people live in 

villages. Their livelihood is dependent mainly on agriculture and animal husbandry. Feeds 

and fodders account for nearly 70 to 80% of the total cost of milk production on different 

farms. For full exploitation of the milk production potential of especially the crossbred and 

exotic breeds of cattle, it is imperative that nutritious lush green forage is made available at 

the rate of 35 to 40 kg per day per adult animal round the year. It is estimated that milk 

production can be increased to the extent of 300 % even in the indigenous breeds of cattle in 

India, if these could be adequately fed and managed. Therefore, every attempt should be 

made to grow high quality green forage legumes, cereals, grasses and trees to food milch 

animals in a proper manner.  

 Varying physical and topographical features and agro climate conditions of our 

country also pose problems of soil erosion, aridity, semi aridity, salinity, alkalinity and 

acidity combined with erratic monsoons. Intensive forage production in the marginal lands, 

grazing lands and in other areas that generally remain fallow can help us to overcome these 

problems and also improve the structure and fertility of the soil in these lands. The 

introduction of forage legumes in crop rotations can add greatly to soil fertility through 

fixation of freely available atmospheric nitrogen and thereby reduce expenditure on 

nitrogenous fertilizers for the succeeding crops. Hence, forage crops and trees need to be 

grown not only for higher milk production but also for maintaining the entire ecological 

balance and for properly harnessing the natural resources of our sub continent to increase the 

overall agricultural production to our advantage. 

 Fortunately, our country has varied climatic conditions and vast natural resources, 

placing us in a very advantageous position of growing a variety of forage crops to meet the 

requirement of different regions all the year round. Realizing the importance of forage and 

their impact on the overall economy in general and on the economics of milk production in 

particular, a good amount of research work has been conducted in our country. A number of 

varieties of cultivated forages have been developed which can give higher forage yields to 

encourage forage oriented cropping patterns on the farms for producing more milk at a lower 

cost. The efficiency of milk production is adversely affected by inadequate feeding practices, 

during the dry period and also in the late pregnancy of the milch animals as a result of forage 

shortage on he farms. 
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 It has been possible to obtain economical and higher production of more than 2500 to 

3000 kg in the case of purebred exotic cows, 1600 to 3000 kg in the case of crossbred and 

1200 to 1600 kg in the case of improved indigenous cows and buffaloes under field 

conditions in our country by improving 35 to 40 kg of green, nutritious and palatable forage 

along with balanced cattle feed @ 38-40% of milk production per animal as against an 

average lactation yield of about 300 kg  
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18 F O D D E R  S O R G H U M   O R   J O W A R 

Botanical name: Sorghum vulgare  [Pers] 

Origin: East Central Africa, In India, it has been grown from pre-historic times 

Family:  Gramineae 

Sorghum vulgare is one of the most important fodder crops of low rainfall areas of 

India. It can withstand heat and drought to a much greater extent than maize. Its other 

advantage is that it can give 2 to 3 ratoon crops and sometimes even four as in the case of M. 

P. Chari and Pioneer hybrid X-988.  It can also tolerate water logging for short periods better 

than maize.  

Area and distribution 

The other countries where it is grown are Southern Europe, USSR, Australia, China, 

Pakistan and India.  

In India, it is grown in Maharashtra, Madhya Pradesh, Andhra Pradesh, Karnataka, 

Gujarat, Tamil Nadu, Rajasthan, Uttar Pradesh, Haryana and Punjab.  

Climatic requirement 

It is tropical crop ideally suited to moderate rainfall areas receiving 350 to 400 mm 

which bring the crop to flowering stage although it can tolerate a rainfall upto 600 mm.  

Mean temperature from 20 to 25 ˚C is favourable (congenial) for its growth.  In winter, 15 ˚C 

and in summer about 35 ˚C temperatures are not seriously affected the growth of the crop. 

However, frost proved extremely harmful to its growth and increases the hazard of prussic 

acid poisoning due to its quicker release from the glucosidal toxicities The young plant 

contain a glucocide called dhurrin which break down into prussic or hydrocynic acid in the 

stomach of the animal. Young plants up to 30 days growth and new shoots near the soil 

surface are known to contain higher content of the acid. The ratoon crop is also toxic to the 

animals in the young stage. The crop should preferably be harvested after flowering but never 

before 50 days from sowing because concentration of hydrocynic acid is below the poisonous 

limit at this stage which is not harmful to the animal.  

Young plants which have wilted in the field for want of water, cause instataneous 

death of animals due to very high content of the glucocide in the leaves.  

The concentration of HCN (hydro cynic acid) is so high in one month of sorghum 

crop that a cow dies by consuming just 4 to 5 kg of such sorghum. The safe limit of HCN 

(Glucocide) is less than 20 g/100 g on dry matter basis.  

Soil : Well-drained sandy loams, Goradu and medium black soils are preferable.  
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Field preparation 

The soil should be prepared by two ploughings followed by harrowing and planking. 

The crop itself being shallow rooted does not require deep ploughing.  

Sowing time 

Kharif -  June-July just after receiving first monsoon rain. In summer season,  

February-March is most suitable.  

            The farmers of Bhal and Coastal region are advised to sow sorghum variety 

SSG-59-3 upto 30th October to obtain higher green and dry fodder yields and higher 

net return under conserved moisture condition in rabi season. 

Method of sowing 

Drilling is the most common method. Seed can also be sown by iron funnel with a 

tube fixed behind a Desi plough to a depth not more than 3 to 4 cm. During the rainy season, 

seeds can be broadcasted at a little higher seed rate and mixed in soil with Desi ploughs or 

harrows.  

Seed rate 

60 kg for improved varieties 

30 kg/ha for hybrids 

Seed treatment 

Seeds should be treated with 200 mess sulphur @ 4 to 5 g/kg of seeds for preventing 

measures against the grain smut disease. Andogonus Azotobacter culture @ 5 g or 5 ml is 

mixed with boiled gur when it is cooled down and then it is used for seed treatment.  Keep 

double rate of culture when seeds are treated with sulphur.  

Spacing : Drilling at 25 to 30 cm apart. 

Manures and fertilizers 

Apply well-decomposed FYM @10 t/ha and mixed thoroughly in the soil.  

For single cut management system 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

50 40 0  

25 40 0 Basal application 

25 0 0 30-35 DAS 
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For two cutting system 

N kg/ha P2O5 kg/ha K2O kg/ha Stage of application 

75 40 0  

25 40 0 Basal application 

25 0 0 30    DAS 

25 0 0 Just after harvest of first crop 

 

Irrigation 

Kharif sorghum does not require irrigation but for summer sorghum, apply irrigations 

at an interval of 10 to 15 days. Single cut system crop requires 4 to 5 irrigations whereas in 

two cutting system, the crop requires 7 to 8 irrigations.  

Interculturing and Weeding 

One interculturing operation is required after 15 to 20 DAS. Hand weeding is done 

after 30 to 35 DAS.  

Interecropping : Sowing of kharif  forage sorghum with cowpea as an intercrop in 2:1 row 

ratio secure higher forage yield with good quality and higher return under rainfed condition. 

Plant protection 

Insects  : Stem borer, Shoot fly 

Disease : Grain smut 

Harvesting     :       

Forage sorghum varieties are harvested at the time of 50% flowering stage, their 

forage is not harmful to the animals because at that stage (i.e. at 50 days after sowing) the 

concentration of HCN is below the poisonous limit, which is not harmful to the animal. At 

milking stage, HCN content is higher so, it is harmful to the small calf of cow and buffalo are 

not recommended to feed.  

Maximum nutrients could be obtained by harvesting the crop at the time of flowering 

stage. The crude fiber content will be increased, while delaying the cutting will decrease the 

digestibility of nutrients and crude protein.  

In two cutting system, first cutting should be done at 55-60 days of sowing and 

subsequent cuts would be harvested after 40- 45 days of the previous cut. As there is a 

possibility of adverse effect of fungicide/pesticide on animal, the spraying of the same is not 

advisable at least one month before harvest.  
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Yield : In single cut system, green forage yield 350-400 q/ha. In two cut system, green forage 

yield 650 q/ha. In multi cut system, green forage yield 800 to1000 q/ha. 

Varieties 

           For single cut  : S 1049, C 10 -2, GFS 3 (IA 5026), GFS 4,GFS 5, GAFS11, GAFS12 

           For multi cuts :  M.P.Chari, SSG 59-3,Pioneer hybrid,GFSH 1(AS 16),Harasona, 

                                      Safed moti, COFS 29      

Research Stations 

Main : Main Forage Research Station - Anand and Surat. 

Sub :   Sub research station – Dhari (Amareli),Navsari,                                                            

                         Sardarkrushinagar  

 

*********** 
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19 Cowpea 

Botanical Name:  Vigna sinensis (Linn) Walp 

Origin:     Central Africa  

Family:   Leguminoseae (Fabaceae) 

Cowpea is the most important leguminous fodder crop. It is second important crop 

after lucerne due to its quick growing habit, high yielding ability and high protein content. It 

is mainly cultivated in Kharif and summer seasons.    

Cowpea is indigenous to Africa and India. It is grown in warm tropical and sub 

tropical Asia, Africa, South America, Australia and southern countries of Europe. In India, it 

is mainly grown in central and northern regions. Cowpea is best suited for moderately humid 

areas of the tropics and sub tropics. It is usually grown between 300 N and S and up to 1500 

m elevation. The plants cannot withstands frosts, excessive heat and prolonged water logging. 

The optimum temperature for its growth is 27 0C and the minimum is 15 0C so it can be 

grown in the eastern and southern regions in the winter season also. The bacteria present on 

the cowpea roots add nitrogen in the soil resulted in increase in soil fertility. Cowpea crop is 

grown as a sole crop or mix crop along with cereals and grasses. 
 

Improved Varieties 

Sr. 

No. 

Variety Maturity 

(50% 

flowering 

days) 

Recom- 

mended 

area 

 

Special feature and GFY production 

1 GFC 1 70 Entire 

country 

A selection from local collection from Chharodi  

area from Gujarat released in  1980 for Kharif 

season. Plant height 125 cm, trailing habit, dark 

green pods seed of brown to buff colour 16-20 % 

protein, leafiness 42%, fairly resistant to diseases 

and yielding 250-300 q/ha green fodder. 

2 GFC 2 65  Entire 

country 

A selection from the local  collection from 

Chharodi area  of Gujarat, released in 1980 for 

summer season,  plant height 140 cm with  

trailing growth habit, leafiness  is 46% pods of 

dark green  colour, brown seeds, protein content  

14-19% and green  fodder yield of 270-350 q/ha. 
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3 GFC 3 70 Entire 

country 

A selection from the local collection from 

Chharodi area of Gujarat, released in 1980 for 

Kharif season. plant height 196 cm, tralling 

growth habit, 53% leafiness with dark green pods, 

light brown seeds, 17.5 to 19.5% protein content 

and green fodder yield of 270-330 q/ha. 

4 GFC 4 70 Entire 

country 

A selection from local collection from Chharodi 

area Gujarat, released in 1980 for summer season. 

Plant height 197 cm. trailing growth habits, 56% 

leafiness, pods and leaves dark green. Seeds of 

buff colour, protein content 17.5 to 19.5% 

resistant to disease and green fodder yield of 290-

350 q/ha. 

5 EC 4216 55-60 Entire 

country 

Errect, early, bold-seed suitable for monsoon & 

summer sowing and green fodder yield is 280-300 

q/ha.  
 

Package of practices 

1. Soil: Cowpea can grow in a wide range of soils from heavy to sandy loam with a pH 

range from 5.0 to 6.5. Saline, alkali or water logged soils should be avoided. 

2. Preparation of land: Two times ploughing and harrowing are necessary to bring the 

land in proper conditions. 

3. Sowing: For monsoon crop, the crop should be grown in the month of June-July with 

on set of rain. For summer cultivation, the sowing should be done in the month of 

February- March. The crop should be sown at 30 cm distant between two rows using a 

seed rate of 40 kg/ha. 

4. Manures and Fertilizers: Farmyard may be applied at the rate of 10 t/ha at the time of 

land preparation. Apply of 20 kg nitrogen and 40 kg phosphorus fertilizer per hectare as 

a basal dose. 

5. Irrigation: Generally, crop does not require irrigation during monsoon season. 

However, one life saving irrigation is given at the time of long spell of rains. In summer 

season, the crop is irrigated at an interval of 10 to 15 days. 
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6. After care: Two to three times interculturing if necessary and one hand weeding 

should be carried out. 

7. Plant protection  

Pests: Leaf eating caterpillar, Aphids and Jassids 

Diseases: Cowpea mosaic 

8. Harvesting: Generally, cowpea is harvested in 70 to 75 days. Crop should be harvested 

at the time of 50% flowering stage or the initiation of pod formation. Delayed 

harvesting will decrease crude protein and increase crude fiber content. So harvest the 

crop at proper time. For obtaining two cuts of  cowpea, first cut is to be harvested at 50-

55 days and second cut at 50% flowering or harvest at 40-45 days after first cut. In two 

cutting management, harvest first cut by keeping 15 cm. stem height from the ground 

level. Any insecticide should not be sprayed one month before the harvesting of green 

forage.  

9. Yield: Green forage yield of 275 to 300 q/ha obtain in one cut. Cowpea variety GFC 3 

had produced significantly higher GF (350 q/ha) and DM (59.0 q/ha) yield than EC 

4216 in total of two cuts. It had also produced the highest CPY (10.37 q/ha) and CP 

content (17.0%).Cowpea varieties GFC 2 and GFC 4 were also at par with this variety.  

10. Mix cropping / inter cropping and crop rotation: Cowpea could successfully be 

grown by mixing with cereal fodder crops like maize, sorghum and pearl millet and 

grasses like hybrid Napier & guinea grass. Generally, mix cropping gives more 

yields.In pasture land, the crop can be intercropped with grasses, cenchrus grass & 

sehima grass. This crop is also suitable for crop rotation due its short duration. 

 

************  
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20 N A P I E R   H Y B R I D 

Botanical name  :  Pennisetum purpureum Schumach  

Origin                 :  Napier or elephant grass is native of Rhodesia in south Africa.  The 

name “Napier grass" is given in honour of Col. Napier, who first drew the attention of the 

Rhodesian Department of Agriculture in 1909 to the fodder value of this grass. It was 

introduced in India in 1920 from south Africa.  

Family:   Gramineae ( Poaceae)   

Napier grass is also called Elephant grass due to its tallness and vigorous vegetative 

growth. It is perennial grass, which provides nutritious and palatable green fodder year round. 

It contains about 8.2% protein, 5 to 7% crude protein, 34% crude fiber, and 10.5% ash with 

both calcium and phosphorus in proper balance. For hay making, this grass is too coarse, but 

it can be used for silage making.  

Area and distribution 

It is widely distributed in tropical and subtropical regions of Asia, Africa, southern 

Europe and America.  

In India, it is grown mainly in Punjab, Haryana, Uttar Pradesh, Bihar, Madhya 

Pradesh, Orissa, Gujarat, West Bengal and Assam.  

Climatic requirement 

Warm and humid weather, as prevails in the monsoon season, is most congenial for 

the vigorous growth of this grass. Although, it grows best under moist conditions, it is 

remarkably drought resistant and once established, can tide over warm and dry summer 

period. The grass remains dormant during the winter season. The mean optimum temperature 

varies from 24 ˚C to 28 ˚C. Frost and severe cold conditions retard its growth. 

Soil 

Napier grass flourish well on well drained, sandy loam and medium soils. It can 

survive in waterlogged soils.  

Field preparation 

The field should be prepared well. After harvesting of previous Kharif crop, deep 

ploughing should be done by mould board plough followed either by tractor drawn cultivator 

or harrowing twice followed by planking.  

Sowing time 

Napier grass should be planted with pre-monsoon showers in the months of June-July. 

In summer season, February – April is most suitable.  
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Method of sowing 

Hybrid Napier can be propagated by stem cutting and rooted slips, as the hybrid seeds 

are sterile.  

Seed rate 

Spacing  Requirement of three budded stem cutting or root 

slips/ha 

60 cm x 60 cm 27,777 

90 cm x 90 cm 12,345 

100 cm x 100 cm 10,000 

    100 cm x 50 cm                                        20,000 

 

Preparation of stem cutting 

1) Three budded sets may be inserted into the soil in a slanting manner at an angle of 450 

to the ground. Two buds should remain inside the soil and one above ground (exposing 

to the atmosphere).  

2)    Planting stem is cut like sugarcane. Furrows are opened with a small ridger or a Desi 

plough and three budded sets are placed end to end in these furrows. Planking is done 

to cover the sets and irrigation is applied, if moisture in the soil is insufficient for 

sprouting of the bud   planting rooted slips.  

 Break up the old clumps and separate the tillers alongwith their roots. Each slip should 

have one or two tillers about 10 to 12 cm in height along with the roots and inserted 

into the soil by digging a hole with a weeding hook (khurpi). This is the best method 

particularly in the summer season when the stems in the first two methods are likely to 

dry up in the hot Desiccating winds.  Rooted slips should be preferred for planting in 

summer season under irrigation for   easy establishment.  

Crop mixture 

For getting higher yield, planting distance of 100-150 cm x 50 cm should be kept, 

when it is grown as mixed crop with cowpea or guar in the kharif season and with lucerne in 

the winter season.  

Sole crop should be planted at 1.0 x 1.0 m distance to facilitate the interculturing 

operations by bullock drawn implements, which helps to reduce the cost of weeding 

operation.  

The stumps of hybrid Napier become old and the tillering capacity diminishes 

consequently, hence fresh planting is taken up after two years.  
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Intercropping:  

Adopt the cropping system of hybrid Napier (APBN-1) with cowpea ( EC-4216) as 

inter crop in kharif and Lucerne (GAUL-1) in rabi for obtaining higher net return (CBR-1: 

2.05). It gives higher forage production round the year for two to three years cycle under 

irrigated condition.   

Manures and fertilizers 

            Crop should be fertilized with 50 kg N/ha + 50 kg P2O5 / ha as basal and75 kg N/ha  

after each cut to obtain higher green forage, dry matter, crude protein yields and  net return. 

Irrigation 

  In Kharif season, if dry spell occur, irrigation should be given depending upon soil 

texture and atmospheric conditions prevails. The field should be kept well drained during the 

rainy season, as the crop cannot withstand wet conditions for more than a few days. In 

summer season, irrigations be given at 10 days interval.  

Interculturing and weeding 

In each season, interculturing should be done twice or thrice as and when found 

necessary. Weeding may be done as and when required.  

Harvesting or cutting management 

The first cut is generally taken after 2 months from planting and subsequent cuts can 

be taken at regular interval of 45 days for green forage yield. At this stage, the crop is 

nutritious, succulent and palatable and attains a height of about one and half metre. This crop 

should not be cut before 35 days, because younger crop contains high amounts of oxalates, 

which is toxic (harmful) to the animals. Cutting should be done by leaving a stubble height of 

25 to 30 cm from the ground level so as to avoid damage to the young growing buds near the 

base of the plant. If cutting is delayed, it becomes coarser and unpalatable.  

The oxalate content in Napier grass varies from 3 to 6%.  It depletes body calcium 

and damages the kidneys of the animals.  

Therefore, feeding fodder by harvesting it at pre boot stage and mixing it with forage 

legumes and cereals minimizing the toxic effect.  

 

Yield :  First year     : 1500- 2000 q/ha  

               Second year : 1500 q/ha 

              Third year    : 1000 q/ha 
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Varieties 

APBN 1, BNH 10 and CO 3 
 

Research Stations 

National:  Indian Grassland and Forage Research Institute, Jhansi (UP) 

State: Main Forage Research Station, Anand and Sub: Dhari (Amreli) 

 

*********** 
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21 F O D D E R  M A I Z E    

Botanical name  Zea mays L. 

Origin:   Mexico or Central America 

Family:   Gramineae 

Among the cereals, maize is the most nutritional, succulent and palatable fodder crop 

grown during the summer and rainy seasons. It can be safely fed at any stage of growth 

without any danger from prussic or oxalic acids or ergot disease poisoning as in the case of 

pearl millet. It is the most favoured crop for conservation (preservation) in the form of silage 

in silo pit of silo tower.  

Area and distribution 

It is grown is USA, China, USSR, Rumania, Yugoslavia, Brazil, Mexico, Argentina 

and India.  

The important states in which this crop is grown in India are Jammu and Kashmir, 

Himachal Pradesh, Punjab, Haryana, Uttar Pradesh, Madhya Pradesh, Bihar, Maharashtra, 

Karnataka, Andhra Pradesh and Tamil Nadu.  

Climatic requirement 

Maize can be grown from sea level to the elevation of about 4000 metres. It can 

tolerate minimum temperature of about 10 ˚C and maximum of 45 ˚C. The optimal mean 

temperature appears to be 20 ˚C. Too dry or too wet conditions are also harmful. A rainfall of 

600 to 1000 mm during the season meets the requirements of the crop.  

Soil 

Very fertile, well drained having good amount of organic matter, loamy and friable 

soils are the best. It can also do best on black soils with good drainage. This crop is 

susceptible to both drought and water logging  

Field preparation 

To create a fine and firm seedbed, field should be prepared with two ploughing 

followed by one deep harrowing and planking.  

Time of sowing 

In rainy season, the crop is sown just after onset of monsoon. If irrigation facilities are 

available, the crop can be grown throughout the year except during the extreme cold days (i.e. 

December-January). First or second week of March is most optimum time for summer 

sowing.  

Method of sowing: Sowing is done by drilling. 
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Seed rate: 60 kg/ha 

Spacing: 30 cm between the rows  

Manures and fertilizers 

  Maize is a heavy feeder and responds well to high levels of manuring. For green 

fodder purpose, 80 kg N and 30 kg P2O5/ha is optimum, which increase the protein content 

and total quantity of green fodder.  

 Half of the total nitrogen and entire quantity of phosphorus (subjected to soils are 

deficient in phosphorus) should be applied at the time of sowing. Remaining half quantity of 

nitrogen should be applied at one month of sowing.  

Irrigation 

  Kharif crop does not require irrigation. In the summer and Rabi seasons, irrigation 

should be given every 10 to 15 days according to the soil and atmospheric conditions.  

Plant protection : Stem borer 

Harvesting 

Different varieties generally become ready for harvest in about 60 to 75 days after 

sowing. Harvesting of fodder maize can be done at any time during its life period because 

maize is free from toxic substances. Crop can be harvested from the tasseling stage to milking 

stage. 

Varieties 

Varieties Maturity days Area of cultivation 

Ganga 5 60-65 Sabarkantha and Banaskantha 

Ganga Safed 2 60-70 Panchmahals and Baroda 

Farm Sameri 50-60 Panchmahals 

Vijay and Moti(Composite) 65-70 Kheda and Baroda 

African tall 65-70 Entire Gujarat 

Vikram -                    - 

Guj.Maize 1, Guj.Maize 2, 

Guj.Maize 3, Guj.Maize 4 and 

Guj.Maize 6 

-                    -        

 

Research Stations 

Main : Main Forage Research Station, Anand. 

Sub :   Sub Research Station – Dhari (Amareli), Navsari,                  

Yield: Green forage 400-500 q/ha 

************ 
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22          B I D I   T O B A C C O 

Botanical name:  Nicotiana Tabacum L. 

Family:   Solanaceae 

Origin:   south America 

Tobacco is originated in South America. The Portuguese introduces it in India during 

17th century. The Red Indian cultivated it when Christopher Columbus discovered it in 

America in 1492. He and his men landing in the little Island of Tobagas were greatly 

surprised to find the native smoking tobacco.  In addition to smoking tobacco, the native 

ground the leaves into a fine powder or snuff and inhales it through a hollow cane tube called 

a Tobago. The name tobacco is derived from the word Tobago. The French Ambassador in 

Portugal Lean Nicota saw tobacco in Lisbon and he introduces this part in France. The 

scientific name Nicotiana and the word nicotine are derived from his name.  

Tobacco is a herbaceous primarily grown foe its leaves. It belongs to solanaceae 

family. Nicotiana rustica sometimes found to behave like perennial. Tobacco plant generally 

forms a shallow branched root system. It has central taproot from which numerous short 

lateral root extend. The majority of the root system is confined to upper 60-90 cm of the soil. 

It has simple cylindrical stem. The height of the plant and length of the internodes vary in 

different types. Of the two species, Nicitiana rustica is shorter and more robust and densely 

growing plant than Nicitiana tabacum. The size of the leaves may vary from 15 cm to 100 cm 

or even more in length. They may be narrow long and drown out like a whip, elliptical or 

broadly ovate with marked variation even in the same plant. The leaf angle varies from an 

upright to horizontal with dropping at the base, in the center of at any point of the leaf. The 

leaf base may be sessile or petiolate differing in the development of wings having a breadth 

of 5-6 cm. IN general the texture of leaves of Nicotiana tabacum is finer than that of 

Nicotiana rustica, which is more or less leathery and tough. The Nicotine content in leaves in 

Nicotiana tabacum ranges from 0.5 to 5.5 %, while in Nicotiana rustica it varies from 3.5 to 

8.0 %. Tobacco has a terminal raceme panicle, which may be compact to very lax with a 

short or long peduncle. The inflorescence in main axis always flowers first and the side 

branches there after in order from top towards bottom. Flowers of tobacco plant are complete 

and perfect. The flowers are pink, yellow, purplish or white. The shape varies from funnel to 

flute. The development of green colour differs in its intensity both inside the corolla tube. 

The corolla may be wheel shaped with acute apices to pentagonal shape and obtuse tips. 

Clayx is usually tabular but in some types it is globular and inflated. The flowers bear 5 
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anthers, which are fused to corolla tube. The pistil is compound and matures into a capsule 

type fruit. The capsule varies in size, shape and nature of apex, blunt or conical. The shape 

may be elliptical, avoid or conical. The seeds are spherical or broadly elliptical with variation 

in degree of ridging on the seed coat. The colour varies from dark brown to light brown. 

Area and distribution 

The important tobacco growing countries in the world are Brazil,China, USA, France, 

Bulgaria, Canada, Rhodesia, Pakistan, Turkey and India.  

India ranks third after China and USA in respect of tobacco production.  In India, 

tobacco is cultivated in about 4.5 lakh hectares, which is about only 0.3 % of the total 

cropped area of the country. India produces about 6.4 lakh tonnes total production annually.  

India grows different types of tobaccos viz., VFC, bidi, chewing, cigar, cigar wrapper, 

barley, cheroot and snuff tobaccos.  India grows both Nicotiana tabacum (desi type) and 

Nicotiana rustica tobaccos of which Nicotiana rustica (vilayati or Kalkatti) requires cold 

climate and hence it is grown in rabi season only.  

Tobacco is grown in almost all states in India but the principal tobacco growing states 

in the country are Andhra Pradesh, Gujarat, Karnataka, Tamil Nadu, Orissa, West Bengal, 

Bihar, Maharashtra and Uttar Pradesh. In other states, it is grown in very small area. More 

than 50 % of the total tobacco area and production in the country is confined to the states of 

Andhra Pradesh and Gujarat.  

Among tobacco growing states, Gujarat ranks first with respect to the productivity 

and total production covering 24 % area and 40 % production of the total tobacco in the 

country, while Andhra Pradesh ranks first with respect to area. In Gujarat, different types of 

tobaccos grown are bidi, chewing (Lal and Kala chopadia), Hookah (Gadaku) and rustica. 

Before last decade, Virginia flue cured tobacco was also grown in Mehsana district but due to 

chloride problem, it is presently not cultivated in the district. Gujarat is the leading state in 

bidi tobacco cultivation and it covers about 80 % of the total area and production of bidi 

tobacco in India. Other states growing bidi tobacco are Karnataka and Maharashtra. It is also 

cultivated in small pocket of Kurnool district of Andhra Pradesh. In Gujarat, tobacco is 

grown in an area of about 1.10 lakh hectares with an annual production of about 1.80 lakh 

tonnes. Among different types of tobaccos grown in Gujarat, bidi tobacco contributes lion’s 

share about 90 %. Rustica tobacco is grown in area of about 80,000 hectares. The   cultivation   

of tobacco in Gujarat is largely concentrated in the districts of Kheda (Charotar area) and 

Vadodara, besides small area in Panchmahals, Ahmedabad and Mehsana and Banaskantha 

districts. Bidi tobacco cultivation is largely centered in Kheda, Vadodara and Panchmahals 
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districts, while hookah in Ahmedabad, chewing in Kheda   and rustica in Kheda, Mehsana 

and Banaskantha (Dhanera) districts. Kheda district alone contributes sizeable area and 

production of bidi tobacco in Gujarat.  
 

The types of tobacco cultivated in various states of India are as under 

1.  Assam:  Wrapper, Hookah, Chewing and Cheroot 

2. Andhra Pradesh: Cigarette (Virginia and Natu), Bidi, Cheroot and Barley 

3. Gujarat:  Bidi, Chewing, Rustica and Hookah 

4. Karnataka:  Virginia, Bidi and Barley 

5.  Bihar:   Hookah and Chewing (Rustica), snuff 

6. Tamil Nadu:  Cigar, Chewing, snuff and Cheroot 

7. West Bengal:  Wrapper, Hookah, Cigar and Chewing (Motihari) 

8. Orissa:   Natu, Bidi, Hookah and Chewing 

9. Uttar Pradesh:  Virginia, Hookah and Chewing 

10. Punjab:  Chewing 

11.  Maharashtra:  Chewing, Bidi 

Classification 

a) According to species 

 Classification of Indian tobacco was done by Howards in 1910, who described 20 

types in rustica and 51 types in tabacum of which are described as petiolate and 64 are 

sessile. Later on Show and Kashiram (1931) added 19 types to those of Howards. 

Morphological characters were used as a basic for the classification of this spp. Only 2 

species are cultivated extensively in India. The morphological characters of both the species 

are given below. 

1) Nicotiana tabacum (Desi type): Usually the plants of this type are taller attaining the 

height of 150-250 cm. The leaves are large (long) but rather narrow. They may sessile 

or petiolate. Pedicle may or may not be. The colour of the flowers is reddish, pinkish 

and white. It is supposed to have desired as an amphidiploids of a cross between 

Nicotiana sylvestris and a member of the section tomentosae. It is extensively used for 

chewing and smoking purposes. It is also used in manufacturing of the cigarette, 

cigar, cheroot, bidi, snuff purposes. Nicotine 0.5 to 5.5 %. 

2) Nicotiana rustica (Vilayati or Kalkatti): The plants of this species are stocky, more 

bushy in nature and shorter in height, usually not more than 90-102 cm in height. The 

leaves are large and broad and ovate in shape and always possess a petiole (small 
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roundish and wrinkled type). Always with pedicle. Flowers occur in cluster and are of 

dull greenish-yellow colour. It is suppose to have been derived as amphidiploids from 

a cross between Nicotiana undulata and Nicotiana paniculata. It is expensively used 

for hookah, chewing and snuff purposes. Its cultivation is limited to Gujarat, West 

Bengal, Bihar, Uttar Pradesh, Assam, and Punjab etc. Nicotine 3.5 to 7.5 %.  

b) Commercial or according to utility 

1) Cigarette or Virginia flue cured (VFC) (CFV and Natu tobaccos) 

2) Bidi tobacco 

3) Chewing tobacco 

4) Cigar tobacco 

5) Wrapper tobacco 

6) Hookah tobacco 

7) Snuff tobacco 

8) Cheroot tobacco 

c) According to curing of tobacco 

1) Flue curing 

2) Air curing or shade curing 

3) Sun curing 

4) Smoke or fire curing 

5) Pit curing 

d) According to aroma 

1) Aromatic tobacco 

2) Non-aromatic tobacco 

Economic importance 

Tobacco is one of the important cash crops in India though it is cultivated in an area 

of about 0.3 % of the total cropped area of the country as it earns sizeable amount of excise 

revenue (about Rs. 5000 crores). It is interesting to note that tobacco stands first among 

agricultural commodities and second only next to petro-products among all the commodities 

in Indian earning. Besides, being a labour intensive crop, it provides employment to a large 

number of peoples in   its industries (about 56 lakh peoples) like cultivation, processing, 

curing, grading, manufacturing, cottage industries, marketing and rail and road transport. 

Tobacco is mainly grown for its leaves, which are used in smoking purpose like bidi, cigar, 

cheroot, cigarette, hookah, snuff or chewing. It is a rich man’s solace and poor man’s 

comforts. An industrial product of tobacco is nicotine sulphate is used as insecticides. 
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Debarked stems and stubbles are used for fuel purpose.  Though tobacco has the significant 

important in Indian economy, it is considered as a health hazardous crop for human being 

(smoking or chewing of tobacco is injurious to health) and alternate uses of tobacco are being 

intensively investigated to make the tobacco use safe. In recent advances, manufacturing of 

edible tobacco leaf protein concentrate (LPC) is also possible from the leaves by growing 

dense crop. Tobacco oil can be used in cosmetics and varnishes industries. Perforated biddies 

are also developed. India is the third largest exporter of tobacco in the world next only to 

USA and Turkey. Nearly 80 % of the tobacco produced in the country is locally consumed 

and rest is exported. Tobacco seed contain 35-38 % nicotine, free oil. It is used in making 

soap and colours. Its cake is used as a cattle feed. Cake contain 3% N, 30-35% crude protein 

and 20-27 % carbohydrates.  

Climatic requirement 

Tobacco is a tropical crop in origin but it is raised in subtropical and temperate 

regions of the world. It is raised from 60º N latitude in Sweden to 40º S latitude in New 

Zealand, China, India and USA. Tobacco needs 50-100 cm rainfall, which should be well 

distributed through out the growing season. Areas having a rainfall more than 125 cm are not 

suitable for cultivation of this crop, whereas, a rainfall of less than 75 cm results in 

production of leathery leaves having very high nicotine content in them. The leaves remain 

smaller and possess very poor burning quality.  The crop needs about 28 ºC as an optimum 

temperature for germination but it may germinate at a temperature ranging between 15 ˚C to 

35 ˚C. The crop cannot withstand frost and starts withering or wilting at a temperature above 

35 ˚C. Tobacco can successfully grown in areas where temperatures remain 21 to 31 ˚C (70 

to 90 ºF) at least about 4 to 5 months period.  But the areas where low temperature prevails 

during growing season are not suitable for tobacco cultivation. Water logging at any stage of 

growth is deadly harmful because the plants cannot withstand water logging. While hailstorm 

causes a serious injury to the leaves any time during growing period. Relative humidity is one 

of the deciding factors for yield quality and curing of leaves it is observed that relative 

humidity of 85-95 % is an optimum humidity for the crop because at this level of humidity 

the leaves are easily used and they do not become very brittle. Windstorm at any stage of 

growth after seedling establishment is very harmful because the leaves split and reduce the 

quality specially when the plants have large exposed leaf surface.  

Soil 

Tobacco in general needs open aerated well-drained light textured rich in P2O5, K2O 

and Fe but poor in organic matter contents. Tobacco does best on well-drained, fertile sandy 
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loam type of soils. It can also be grown on soils having pH values ranging from 5.5 to 6.5. 

But the soils like black or heavy clay are not suitable for this crop because of poor drainage 

capacity. Tobacco cannot successfully be grown in waterlogged soil, as it is a wet sensitive 

crop. Sodic soils are not suitable for tobacco cultivation because plants absorbed lot of 

chloride ions which results in a poor burning quality of leaves and a mild acidic soil reaction 

is always better for production of superior quality leaves.  

Field preparation 

During summer, field should be prepared by giving one or two deep ploughings to a 

depth of about 25 cm by tractor drawn plough. Deep ploughing in summer helps to control 

nematodes and weeds due to natural soil solarization. Deep ploughing also increase the yield 

of tobacco about 10 % as compared to normal tillage operation.  After onset of the monsoon, 

the tillage operation should be carried out by tractor drawn cultivator followed by harrowing 

and planking for sowing of green manure crop or to kill the weeds and conserve the soil 

moisture.  

Green manuring  

Preferably sannhemp crop is taken as a green manure crop, sannhemp seeds  @ 100 

kg seeds/ha should be sown either by broadcasting or with the help of seed drill in rows 15 

cm apart with the onset of the monsoon or if monsoon is delayed, it should be sown by giving 

irrigation in second fortnight of June. Drill sowing facilitates interculturing operation for   

weed control.  

The crop should be buried in the soil at least three weeks prior to transplanting of 

tobacco with mould board plough or disc harrow or it should be buried in the soil at about 45 

days after sowing  (before flowering). If there is no rain at the time of incorporating the 

sannhemp in the soil, irrigation should be given for enhancing the decomposition of green  

matter. If green manuring is not possible/feasible, apply 12.5 tonnes (25 cart load) well 

decomposed FYM/ha.  

The field should be prepared after decomposition of green manure crop by giving 

cross cultivation of tractor drawn cultivator followed by one or two harrowings and planking 

to level the field for transplanting of seedlings.  

Bidi tobacco nursery 

      Raising of healthy vigorous seedlings is an important phase of tobacco culture. 

Success in nursery raising demands (1) proper location of the nursery (2) proper preparation 

and manuring of the seed beds (3) adequate irrigation facilities and (4) timely control of 

insect-pest and diseases. These aspects of nursery raising are discussed below in brief.  
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In selecting the site of the nursery, consideration is to be given to surface and 

underground drainage and assured supply of irrigation water. The nursery site should be on a 

higher level than the surroundings and away from the tree shade. The nursery beds may be of 

any length but should not be more than 1.2 m width.  Surface drainage is ordinarily provided 

by channels in between the seedbeds and these while draining away excess rain water also 

serve as pathways for inspection and weeding of the nursery. It is advantageous to have deep 

ploughing in summer and rabbing the nursery plot with about one foot layer of wheat straw,   

bajra husk,cotton stalks etc. during pre-nursery season or tarping should be done in the 

nursery area with clear plastic film for two months from 15th April. It will help in control of 

nematodes, weeds etc. For manuring of tobacco nursery, application of 180 kg N/ha is 

recommended. Out of which, 45 kg N from FYM or poultry manure, 90 kg N from castor 

cake both to be applied a week before the sowing and 45 kg N in form of ammonium sulphate 

or urea as top dressing in two installments. Two %  (2%) solution of the above fertilizer (AS.) 

should be given and there after seedlings should be washed out with pure water to protect the 

seedlings from adverse effect (burning effect).  Seeding in the nursery should be started in the 

first week of July and completed latest by 15th July so that transplantable seedlings become 

available during second fortnight of August.  Five kg seeds/ha is optimum for sowing one-

hectare nursery area.  For control of damping-off disease, spraying of Bordeaux mixture 

(6:3:100) @ 3 litres/m2 is carried out as and when required or one drenching of metalaxyl MZ 

(Ridomil MZ) 30 g in 200 l water/100 m2 before sowing of seeds and 2-3 post emergence 

drenching of the same from 20-25 days of sowing were also found effective.  Use of 

Bordeaux mixture has been found to be quite effective, economical and safe to control 

damping-off disease. For control of tobacco leaf eating cater pillar, spraying with the solution 

of Quinalphos 0.05 % (Ekalux 25 EC 20 ml in 10 l water) or Chlorpyriphos 0.04 % (Durban 

20 EC 20 ml in 10 l water) is recommended. In heavy infection, fenvalerate 20 EC 5 ml in 10 

l water should be sprayed. To control leaf spot disease, Bavistin 50 WP 5 g in 10 l water 

should be sprayed. White flies which are worked as vector for transmitting (spreading) leaf 

curl virus should be controlled by spraying   systemic insecticides like Dimethoate (Rogor 30 

EC) or Methayl S dematone  (Metasystox 25 EC) 15 ml in 10 l water twice at 10 days 

interval and 2 sprays in field also at 10-12 days intervals. To control earthworm and rove 

beetle, aldrex 30 EC 20 ml in 10 l water should be applied 2-3 litres/m2 area. The seedlings 

normally become ready for transplanting after 30 to 40 days of sowing. 
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Time of transplanting 

      Second fortnight of August is the optimum time of transplanting of tobacco seedling. 

However, it can be done latest by 3rd week of September. Transplanting should be done 

during drizzling rain and in late evening or late afternoon hours.  However, in a cloudy day, it 

can be done at any time of a day. This type of weather conditions is very favourable for 

establishment of the seedlings.  

Method of sowing (Transplanting) 

      The field is line marked with the help of iron or wooden marker at 90 cm apart. The 

furrows are opened with the help of plough as per the line marked in the field. There after 

cross marking at 75 cm distance is done at the right angle to the opened furrows.Seedlings are 

transplanted at cross mark at the hedge of the furrow to avoid seeding rot and uprooting of 

the seedlings due to heavy flow of rainwater. If there is no rain, the line-marked field is 

irrigated in furrows in the morning hours and cross marking is done for transplanting of the 

seedlings in the late evening time. Healthy disease free seedlings of 8-10 cm height should be 

used for transplanting. If rain is not occur after   transplanting, light irrigation at 5-6 days   

may conveniently be given in furrows for good establishment of the seedlings.  

Spacing   

Seedlings of hybrid tobacco and variety GABT 11 should be transplanted at 105 cm x 

90 cm.   

Seed rate 

5 kg/ha (50 gram for one are or guntha) for raising one hectare nursery.  

Gap filling 

Gap filling should be done after 10 days of transplanting.  

Manures and fertilizers 

180 kg N per hectare is recommended for the crop. 

1. If green manuring is done or FYM applied 12.5 t/ha (25 C.L.)  

• 90 % of the recommended dose of N  (160 kg N/ha) should be applied as basal in 

form of ammonium sulphate at the time of field preparation in fachara  khed.  

• Remaining 10 % N (20 kg N/ha) should be applied as top dressing 10-15 days after 

transplanting in form of ammonium sulphate or urea by ring method and mixed in 

the soil.  

2. If green manuring is not done or not applied FYM 
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a)  90  % of the recommended dose of N (160 kg N/ha) should be applied as basal 

dose in the following manner 

• 25 % N (40 kg N/ha) should be applied in form of castor cake or  poultry manure. 

Use of poultry manure is beneficial for controlling the root knot nematodes.  

• 75  % N (120 kg N/ha) should be applied in form of ammonium sulphate  

b) Rest 10 % N (20 kg N/ha) should be applied as top dressing in form of 

ammonium sulphate or urea 10-15 days after transplanting by ring method and 

mixed in the soil.  

NB.  The efficiency of urea is 92 % in comparison of ammonium sulphate.  If urea is 

applied as basal at the time of field preparation, there is a possibility of leaching 

down in the sub surface. In shortage of ammonium sulphate, urea can be used as 

substitute about 25 %, but frequent use of urea alone is not advisable as it 

deteriorate the quality of the produce.  

Interculturing and Weeding 

              About 20 days after transplanting, when the plants get established their young 

rootlets require very fine and pulverized sub surface soil for their rapid growth and further 

expansion. Besides, inter-cultivation helps in mulching, removal of weeds, proper aeration 

etc. Cross interculturing should be done 4-5 times and hand weeding is done as and when 

required. For getting higher yield and economic return   eight times interculturing at eight 

days interval should be done. 

Topping and desuckering 

Topping is done at flower bud initiation in individual plant and this operation may not 

occur at the same time. Hence, it should be carried out even at the time of desuckering 

operation. Topping is carried out by leaving 20-24 leaves(excluding sand leaves).  

             Removing the flower bud to switch over the plant from a seed producing  

(reproductive) to a leaf producing (vegetative) phase known as topping.To maximise leaf 

production and encourage leaf ripening, it is necessary to remove the flowers.Topping 

increases the size and weight of leaves, increasing the overall yield per hectare. 

             New shoots rapidly appear after topping.These are known as “suckers”.Suckers are 

controlled by manually breaking them off and through the application of “suckercides”. The 

process known as desuckering. Suckercides have a two – fold action of killing the sucker 

buds and inhibiting subsequent sucker development.           



127 

 

After the topping operation, suckers, which are emerged out from the leaf axils, are 

regularly removed at an interval of week. In later stage of the crop, suckers are also emerged 

out from the stem near the ground surface, which are also removed. Removal of suckers from 

leaf axils and ground surface near the stem is called desuckering operation. Generally 

desuckering operation is carried out about 5-6 times during the crop growth period. The main  

object of topping and desuckering operations is to divert energy the nutrients of the plant 

from flower head to leaves which affects the yield and quality of various types of tobaccos. 

Topping and desuckering is necessary in bidi, chewing and rustica tobaccos for better quality 

(increase the thickness of the leaves, nicotine content etc.).  

Irrigation 

         This crop does not require any irrigation, when there is well distribution and 

adequate rains are received.  If the moisture stress conditions occur due to prolong dry spell, 

irrigation become necessary.  Three to four irrigations should be given at an interval of 20 

days. Irrigation should not be given at the time of incidence of orobanche during December. 

Crop rotation 

Tobacco is generally not grown as mixed crop. In Bihar, chewing tobacco is inter 

cropped with onion, garlic or radish in rabi season and maize in summer season. It is a 

common practice with the tobacco farmers to raise tobacco as a mono crop year after year in 

the same field without following any crop rotation which leads to soil sickness, build up pest 

and disease problem and consequent reduction in tobacco yield. Therefore, it is advisable to 

grow tobacco in rotation. In Gujarat, the crop rotation is given below. 

Bidi tobacco - Summer bajra - First year 

Hybrid cotton  - Fallow in summer - Second year 

Bidi tobacco - Summer bajra - Third year 

Plant protection 

Pests 

Rove beetle, Tobacco leaf eating cater pillar, Tobacco stem borer, Tobacco capsule borer, 

White fly  

Diseases 

Damping-off, Black shank, Leaf spot, Leaf curl, Mosaic, Root-knot, Anthracnose  

Orobanche 

The tobacco crop is very often infested by orobanche, a total root parasite. This weed 

is found to infest the field at the topping stage or at the later stage of crop growth. Orobanche  
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is found to be attached with the tobacco roots and they grew up through the soil round the 

tobacco plants. It is advisable to collect them by hand pulling and destroy them before seed 

formation. These parasitic weeds absorb all plant nutrients from tobacco plant. The hand 

pulled orobanche plants should not be fed to the animals as it again comes in the field 

through FYM. 

Harvesting 

The harvesting is done when spangles are developed on the leaves and normal green 

colour changes to yellowish green or slightly yellowish and leaves becomes thick, spotted 

and sticky to touch.  If such leaves are pressed under thumb, a cracking sound is produced.  

Method of harvesting 

There are three methods of harvesting, 1) Leaf by leaf method, 2) Stalk cut method, 3) 

Priming (Gugharo method) 

1)  Leaf by leaf method 

Leaf by leaf method is very popular among the farmers and it is considered to the best 

from quality viewpoint.  

Bottom three to four leaves (sand leaves) mature first and also harvested first and kept 

separately which is known as galia.  

In this method, the well developed spangles and matured leaves are hand picked and 

kept in inverse position in the field for 3 to 4 days for drying. The dried leaves are transported 

to farmyard where the lamina is stripped off; this portion is called bhuka and kept aside 

separately. The undried portion of lamina is kept for further drying in the farmyard.  After 

complete drying, bits of lamina (dry pieces of leaves) and vein lets  (small pieces of vein) are 

separated and kept separately, this portion is called geran. Finally after complete drying, the 

midribs are separated. The debarking is done on the green stem with sickle and bark is kept 

for drying, after drying, it is mixed with midribs, this is called rago or lakada portion.  

Separate heaps of bhuka, geran, galia and rago or lakada portion is prepared. To bring 

uniformity, turning of the heaps is must.  The produced is prepared in the four following 

manner and sold separately.  

 

Name of produce Particular % 

Bhuka Only pure lamina 60 

Geran Small pieces of leaves and vein lets  10 

Galia Sand leaves 10 

Rago or lakada protion Midribs and bark 20 

 

  



129 

 

2)  Stalk cut method 

In stalk cut method, the whole mature plant is cut and dried in inverted manner in the 

field. After drying, the dried leaves are separated and all above four heaps are prepared 

separately as discussed above.  

3)  Priming (Gugharo) 

In this method, the matured leaf is stripped off from bottom to top in between the 

thumb and fingers and the stripped leaves are dried in the field in such a way that the upper 

side of the leaves should be towards ground side.  The dried leaves are collected separately. 

The midribs are separately separated and dried.  The geran is separated from the dried 

midribs, which includes small pieces of vein lets. The plant is cut and debarking is done.  All 

above four heaps are prepared separately for marketing.  

Flue curing (Virginia tobacco) 

 The flue-cured tobacco is raised with low nitrogen and harvested by priming method. 

The harvested leaves are strung on sticks, which are then stacked into a flue-curing barn. The 

barn is artificially heated. The green leaves should be loaded in the upper half of the barn and 

the lighter ones in the lower half, the curing process consists of 3 stages namely 1) yellowing 

2) fixing colour and three drying. During yellowing, leaf is kept at a low temperature (32-35 

C) and high humidity for about 30-40 hours till it attains a bright lemon yellow colour. After 

yellowing, the temperature is raised gradually and humidity of barn is lowered by operating 

the ventilation. Great care is required in raising the temperature during this stage. It is raised 

by not more than 1-2% every hour. With rapid rise in temperature when the leaf is still wet, 

results in a bluish-black discolouration called scalding. It takes about 16-24 hours. Drying is 

the last stage in flue curing process, which may last from 28-42 hours. The ventilators are 

closed and temperature is again gradually raised to 160 F to dry the veins and midribs of 

leaves. This completes the process. Now ventilators are opened to cool down the barn. The 

leaves are left in barn over night for absorbing moisture and to come to normal condition for 

handling and storage.   

Leaf quality 

The price of the entire produce is fixed on the basis of lamina quality which is 

governed by physical characteristics like leaf colour, luster, thickness of the leaf, spangling 

and smoking quality like nicotine, reducing sugar, aroma, strength, leaf burn, ash colour etc.  
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Varieties 

Sr. 

No. 

Types Varieties 

1 Bidi tobacco ( Irrigated areas) A 2, A 119, GT 5, GT 9, MRGTH 1, ABT 10 

(Nematodes resistance) and GABT 11 

2 Bidi tobacco (Unirrigated areas) GT 4 and GT 7 

3  Rustica tobacco  (Rabi) GC 1, GC 2, GC 3 and DCT 4 

 

Yield : 1500-2000 kg/ha 

Research Stations 

• Central Tobacco Research Institute, Rajahmundry 

• AICRP on Tobacco, Rajahmunadry (AP) 

•  Main - Bidi Tobacco Research Station, Anand 

           - Rustica Tobacco  Research Station, Ladol 

 

*********** 
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Rustica Tobacco 

Botanical name :  Nicotiana rustica L. 

Family :  Solanaceae 

Origin :  South America 

          Rustica tobacco is grown in Kheda and Anand district of middle Gujarat and 

Banaskhantha, Sabarkhantha, Mehsana and Gandhinagar district of north Gujarat in an area 

about 80,000 ha as a rabi crop under irrigated conditions. 

Nursery 

Soil 

 Upland loamy soil with proper drainage near irrigation source with optimum sunlight 

and away from shady trees. 

Land preparation 

 Deep plough during summer and frequently cultivate the land during kharif season. 

Manuring 

 145 kg N ha  

Basal:  

 95 kg N ha of which 70 kg N from castor cake and 25 Kg N from either ammonium 

sulphate or urea. 

Top dressing: 

 50 Kg N/ha as a top dressing from 0.5% solution of Ammonium sulphate or urea 15 

days after germination of  seeds.  

Layout : Prepare the beds according to the slope of soil with 0.5 m wide drainage channel. 

Sowing time   :  Second fortnight of September 

Seed rate       : 8 kg seed is required for raising one hectare nursery.  

Sowing Method: Broadcasting 

Irrigation     : Water the seed beds with water cane immediately after sowing, thereafter once 

or twice in a day. Remove the cover gradually after germination. 

Plant Protection: 

Pest: Leaf eating Caterpiller, Stem borer, Whitefly      Disease: Damping off      

Field crop 
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Field preparation 

 After kharif crops like pearlmillet or paddy, apply irrigation and then at proper vapsa 

condition land should be prepared for the cultivation. If kharif crops are not taken, green 

manure the field with sunnhemp @ 100 kg seeds per hectare in the last week of June and 

buried it in the soil after 40 days of sowing. 

Nutrient management : 10 t FYM/ha + 200 kg N/ha 

 For Middle Gujarat: 

Basal:   90% N as a basal (75 % N from Ammonium Sulphate and  25 % N from Urea) 

Top dressing: 10% N/ha 10 to 15 days after transplanting 

 For North Gujarat: 

Basal: 90 kg N/ha of which 50 kg N/ha through castor cake 40 kg N/ha in from of Urea or 

Ammonium Sulphate 

Top dressing: Apply 20, 30, 30 and 30 kg N at 15, 30, 50 and 70 days after transplanting, 

respectively. 

Transplanting:  

The transplanting should be done in the last week of October to first week of November. 

Spacing          : 60 cm X 45 cm or 60 cm X 60 cm 

Interculturing and weeding:  As and when required 

Irrigation: 

 For Middle Gujarat        

 Total nine irrigations out of these first three irrigations should be given up to 45 days 

at 15 days interval and remaining six irrigations should be given at 10 days interval. 

For North Gujarat  

 Total six irrigations, the first irrigation should be given 25 days after transplanting and 

then after 18 to 20 days interval. 

Topping : 15-20 leaves depending on varieties                    

Desuckering :  Suckers are to be removed manually every week. 

Plant protection Disease: Leaf curl 

Crop rotation 

Middle Gujarat: Pearl millet or paddy-rustica tobacco 

North Gujarat : Cluster bean/sesamum/groundnut- rustica tobacco 
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Harvesting 

          Generally rustica tobacco matures after 125 to 135 days of planting. Culcutti tobaccos 

are harvested by two methods. 

     (1) Leaf by leaf method 

     (2) Whole plant or stalk cut method 

*********** 
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23 S U N N  H E M P   or  B O M B A Y  H E M P or B A N A R A S H E M P 

Botanical name    : Crotolaria  juncea  L. 

Family     : Leguminoceae 

Origin      : India and Burma 

Area and distribution 

 In the world, it is grown in the countries of USSR, Romania, India, China, Hungary, 

Poland, turkey, brazil, Chili and Bangladesh. 

 In India, it is cultivated in the States of Uttar Pradesh, Madhya Pradesh, Maharashtra, 

Rajashthan and Orissa. Uttar Pradesh stands first followed by Madhya Pradesh in production 

of sunnhemp. In India, it is cultivatd in an area o about 1.4 lakh hectares with an annual 

production of about 50,000 tonnes of fibres. 

Economic importance 

 Sunnhemp is grown for (1) green manuring (2) fibre (3) fodder and (4) seed purposes. 

Sunnhemp is one of the importance fibre crops of India. It plays importance role in 

the National economy both as raw material for industries and also as a foreign exchange 

earner through export. White fibres are used for manufacture of tissue paper and paper for 

currency as it contain high percentage of cellulose and low amount of lignin. The farmers 

themselves make use of the fibre for making ropes. It is used for making cordage of all kinds, 

twines, nets, mattings etc. It is also usd for making rug, sack etc. It is grown for green 

manuring which adds about 40-60 kg N ha into the soil. It is also a source of cellulose for 

rayon and artificial silk. It is also considered as the king of green manuring crops. 

Climatic requirement 

 It requires warm and humid climate for proper growth with 1000-2000 mm of rainfall. 

Soil 

 Well fertile sandy loam soil is most suited for its cultivation. Water logged soil is not 

suitable for this crop. 

Land preparation 

 One or two deep ploughing with mould board plough and 2 to 3 harrowings followed 

planking should be carried out. 

Seed rate  

 For fibre fodder and green manuring purpose – 80 to 100 kg ha 

For seed purpose – 25 to 40 kg / ha 
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Sowing time  

June – July 

Method of sowing 

Line sowing by seed drill at 3 to 4 cm depth for seed crop. 

Spacing :  30 x 7-10 cm for seed crop and broadcasting for green manuring purpose. 

Fertilizers :  Only 50 kg P2O5 / ha as basal 

Interculturing and weeding 

The line-sown crop should be intercultured and weeding should be carried out as and 

when required to keep the crop weed free. Interculturing helps in conservation of soil 

moisture also. 

Harvesting 

For fibre crop, the crop is harvested at the pod formation stage for good quality fibres, 

colour and luster. Too early or too late harvesting spoils the fibre quality. Harvesting of the 

fibre crop is done by cutting the whole plant close to the ground with the help of sickle. The 

leafy top portion of the plants may be chopped off and used either as fodder or may be 

plougher down in to the soil to add organic matter. After shedding of the dried leaves, the 

plants are tied into bundles of convenient size having 50 to 100 plants in each bundle. 

Steeping, retting and extracting is followed as per jute crop. For extracting fibres the bundles 

are tied on drying and submerged in water for 5-6 days for retting and then the fibres are 

peeled off. 

Extraction 

 Fibre is extracted single plant wise by breaking the lower ends of the plant and then 

stripping upward from the bottom. After extraction, the peeled fibres should be washed 

thoroughly in clear water to remove the dirt and other adhering plant materials. After drying 

the fibres, it is graded and bundled into small “Moras” for marketing. 

Yield : 8 to 10 q/ha. 

Varieties : K 12, M 19, M 35, ST 35, Nalanda sanni   

Steeping and retting 

 The bundles are brought to the nearest ponds, pools or streams and arranged side by 

side to form a platform in water for steeping. In some States, bundles are covered with  

hyacinth, grass etc. and the “Jak “ is weighed down 10-15 centimeters below the surface of 

water by stone blocks, concrete slabs or  seasoned  logs, Substances rich in tannin like freshly 

cut logs or clods should not be used as weighing materials because it will turn the colour of 
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the fibres into dark. Care should also be taken to see that while weighing down the “Jak”, the 

bundles do not touch the bottom of the retting tank. Retting in slow running water is better 

than retting in stagnant water. This process is complete when the fibre is loose enough for 

extraction and is complete separated frm the sticks. This can be determined by examining one 

or two plants from the bundles after two or three days of retting. The period of retting may 

very from 3 to 15 days depending upon the temperature of retting water and the month of 

harvesting. In September, retting takes place generally within three to seven days, while in 

December, this period may range from 12-15 days. The optimum temperature for retting is 21 

to 27o C.  

Yield of green material (NPK addition in soil) and fibre 

 The yield of green material for green manuring crop is about 10 to 15 tons/ha with 

deposition of 60-70 kg N, 30-35 kg phosphorus and 30-35 kg potash per hectare. Sunnhemp 

contained 2-4 per cent fibre on the basis of the weight of green stem or 8 to 12 percent in 

terms of dry weight. The yield of fibre from a good crop of sunnhemp is about 8-10 quintals 

of fibres per hectare.  

 

*********** 
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24            DHANCHA / DHENCHA / BAGHADHAINCHA / JAYANTI 

Botanical Name : Sesbania aculeata 

                           : Sesbania rostrata 

Area and distribution 

                It is mainly grown in West Bengal, Assam, northern Bihar, south – eastern Orissa, 

Meghalaya,Tripura and eastern U.P. areas of India. 

Economic important 

                Sesbania aculeata is a quick growing succulent green manure crop.It can be grown 

under adverse conditions of drought, water logging and salinity etc.It adds about 75-80 kg N 

/ha into the soil. It is used to reclaim saline or alkaline soils. 

                Sesbania rostrata is also a green crop, which has nodules both on the stem and 

root. It thrives well under water logged condition.It adds about 150-180 kg N /ha into the soil. 

Climatic requirement : It requires high rainfall with high temperature. 

 Soil : Alluvial or clayey or loamy or sandy loam soil is most suited for its cultivation. 

Field preparation 

                 Field is prepared by giving 3 to 4 ploughings followed by 1 to 2 harrowings and 

planking to crush the clods. 

Time of sowing : April or onset of monsoon 

Method of sowing : By broadcasting or drill method at 30 to 45 cm spacing 

Seed rate :  For Sesbania aculeata – 20-25 kg/ha 

                 :  For Sesbania rostrata – 30-40 kg/ha 

Seed treatment  

                  Before sowing, seed should be treated with Agrosan or Ceresan @ 5g /kg 

seeds.To get early,uniform germination and vigorous seedlings, seeds have to be scarified 

with concentrated sulphuric acid for 15 minutes and then washed thoroughly with fresh water 

and sown immediately. 

Spacing : 30 to 45 cm 

Manures and fertilizers 

                   Well decomposed FYM @ 10 t/ ha should be applied at the time of field 

preparation. 

Fertilizer management : 20 kg N /ha + 60 kg P2O5 / ha – As basal 

                                        :  20 kg N /ha -  4 -5 weeks after sowing 
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Irrigation :  It is grown normally under rainfed conditions.One to two irrigations are 

required for irrigated crop. 

Interculturing and weeding  

The line sown crop should be intercultured for weed control. It also helps in 

conservation of soil moisture. Weeding should be carried out as and when required to keep 

the crop weed free. 

Harvesting :  Crop can be incorporated at about 8 to 10 weeks after sowing for green manure 

                       purpose. 

Yield :           10-20 t/ ha 

 

***********                           

 

 

 


