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Cereals 
The word ‘cereal’ is derived from ‘cereas’, the Roman Goddess of grain. A cereal crop is 

a grass grown for its edible grain which is rich in starch. Cereals are the most important food 
crops. Wheat and barley are the prominent cereals grown especially in rabi only. Cereals are the 
staple food in the diet of most population. The grains contain 58-72 % carbohydrate, 8-13 % 
protein, 2-5 % fat and 2-10 % indigestible fiber. They also contain about 310-350 Kcal/100 g of 
grain. 

 
W H E A T 

 
Botanical name:Triticum aestivum L.,  Triticum duram desf. 
Family:Gramineae 
Origin: South Western Asia 

 

 
 

Wheat is locally known as Gehun/Kanak. In India, it is second important staple food crop 
after rice, which contributes nearly one-third of the total food grains production. The  area  under  
wheat  is  increasing since last three  decades  but  its production  has been increased by four fold  
due  to  improved  varieties,  increase  in  irrigation  and  fertilizers  use  with  modern production 
technologies. Throughout the country only spring type wheat varieties are grown, though these are 
raised in winter. 

Durum wheat is grown in central and south India under rain fed conditions with the 
production of 11-12 percent.  It is used in suji, rawa (medo), ladu, semya, macaroni (sev) and 
bhakhari making. Durum is the important species for rainfed condition. In Gujarat, cultivation of 
dry wheat is mainly concentrated in Bhal area comprising the parts of Ahmedabad, Bhavnagar, 
Kheda and Surendranagar districts and it is also grown in Vagra, Jambusar and Amod talukas of 
Bharuch district and in Ghed area of Porbandar district. The dry wheat cultivated in an area of 
about 0.95 lakh hectare with an annual production of 0.48 lakh tonnes. The land of Bhal area is 
leveled and low lying black and shallow soils. During monsoon season, the fields remain 
submerged with rainwater that caused salt accumulation in upper layer of soil and hence soils 
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become sticky.  Under such circumstances, most of the fields remain fallow during kharif season. 
Frequent harrowing is carried out for removing weeds and conserving maximum moisture in the 
soil during fallow conditions of the land. 
Classification  
  In the past there were 4 species, viz;Triticum aestivum , T. durum , T. dicoccum  and T. 
sphaerococcum under cultivation in India. T. sphaerococcum has now practically gone out of 
cultivation because of its low productivity and high susceptibility to diseases.  
(a) Triticum aestivum (Irrigated) 
  Also known as common bread or chapati wheat. It is the most important  species,  

occupying  more  than 90 %  of the total  wheat area  in the country. It is good for making 
chapati and bakery products. Mexican dwarf wheat developed by incorporating dwarfing gene 
Norin 10 was introduced in India by Dr. N.E. Borlaug. (GW 496, GW 503, GW 366, GW 173, 
GW 190 and Lok 1). 

(b) Triticum durum (Unirrigated)  
Known as macaroni or durum wheat mainly confined to cultivate in rainfed conditionsin 

central and southern India.  Its cultivation was  most  common under  rain  fed  conditions  
only,  on  account  of  high  susceptibility  to  rusts. It is good for making Suji, Rawa, ladu, 
Macroni (sev) and bhakhari. In Gujarat, it is grown in Bhal region. The seeds are bold and 
light. This wheat is also known as Bhalia (GW 1 and A 206). 

(c)Triticum dicoccum 
Also known as Emmer wheat which is grown in some pockets of Maharashtra, Karnataka, 

Andhra Pradesh, Tamil Nadu and Gujarat (Sabarkantha, Banaskantha, Mehsana, Ahmedabad 
and Kutch). In Gujarat, it is grown only in few hundred hectares on the sea shore belt of 
Saurashtra starting from Porbandar to Jamkhambhalia. It  has a very  high degree of heat 
tolerance  and can be sown as late as December and January without  much  fear  of  heat  
damage  during  grain  filling,  even  in  the  southern  zone.  It is good for South Indian dish 
“Uppama". 

Geographical distribution: 
  The  major  wheat  producing  countries  in  the  world  are  China,  India,  United  States, 
Russia  and  France.  In the world, wheat is cultivated in an area of about 239 million hectares 
with a total production of 425.5 million tonnes of grains. 
  Based on climatic conditions and disease prevalence, particularly rust, the country is 
broadly divided into 5 main wheat zones viz; north-western plains, north-eastern plains, central, 
peninsular, northern hill and a small southern hill region. In  India,  the  major  wheat  growing  
states  are  Uttar Pradesh, Madhya Pradesh, Punjab, Haryana, Rajasthan, Bihar, Maharashtra, and 
Gujaratduring the year 2015-16, it was cultivated in an area of 302.27 lakh hectares with a 
production of 935 lakh tonnes of grains with the average productivity of 3093 kg/ha. 

In Gujarat, during the year 2015-16, it was cultivated in an area of 8.51 lakh hectares with 
a production of 24.84 lakh tonnes of grains with the average productivity of 2919 kg/ha. Irrigated 
wheat is mostly grown in Mehsana, Banaskantha, Sabarkantha, Kheda and Saurashtra region, 
while unirrigated wheat is grown in Bhal region consisting of some parts of Ahmedabad, 
Bhavnagar and Surendranagar districts. 
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Economic importance 
A turning point came in the history of wheat in 1965 with introduction of dwarf, photo 

insensitive, high yielding Mexican wheat breeding materials developed by Dr. N. E. Borlaug. In 
1970, triple dwarf varieties were released in India. Wheat grain flour is used in form of chapati, 
puri, bread, cake, halwa etc. It provides 20 per cent of total calories for human race. Wheat grain 
contains 10-12 per cent protein, which is more than other cereals. Wheat provide characteristic 
substance gluten, which is very essential  for bakers, because gluten  provides the structural frame 
work for the spongy, cellular texture of bread and other baked products. Flours of other cereals are 
lacking gluten and hence, not good for bread making. Wheat straw is also a good source of feed 
as well as bedding material for livestock. Straw is also used in paper industries and for making 
temporary huts and roof. The husk and other portion of grain and straw are valuable feed for 
livestock. The ripe unthreshed earheads are used to make decorative items. 
Soil requirements 

Wheat does best on well-drained fertile, clay loam, loam to medium black soils. However, 
good crop can be raised in sandy loam soils and black soils also. Heavy soils with poor drainage 
are not suitable because wheat is sensitive to water logging. Durum wheat is considered more 
suitable in heavy and black soils, whereas aestivum wheat is grown in all types of soils. The 
durum types when grown in light soils tend to express high yellow berry problem, resulting in 
poor quality grains. Soil should be neutral in reaction 
Climatic requirements 

Wheat crop has wide adaptability. It can be grown not only in the tropical and sub-
tropical zone but also in the temperate zone.  Dry and cool weather is most suitable for this crop.  
The optimum temperature required for ideal germination of the wheat crop ranges from 20 to 
25ºC. Rains received immediately after sowing, hamper germination and encourage seedling 
blight, while high humidity and low temperature is conducive for rust attack.  

The high temperatures at both ends of the crop season determine the duration available for 
wheat cultivation, which ranges from100 days in down south to more than 145 days in north 
western plains and 180 days in the hills. Very hot temperature during the grain ripening period 
result in grain shriveling.  
Cultural practices 

(i) Land Preparation:The Wheat crop requires a well pulverized but compact seed bed for 
good uniform germination. In case of irrigated wheat, pre-sowing irrigation should be given 
after harvesting of the kharif crop and field should be prepared at Vapsa conditions by 
carrying out  one deep ploughing with soil turning plough followed by two harrowings and 
planking is desirable. Stubbles, rootlets, weeds etc. are removed from the field. Recently 
zero-tillage and minimum tillage sowing practices using a specially designed zero-till 
seeding-cum-fertilizer drill have been recommended to save the time required to prepare 
proper seedbed under the rice-wheat crop rotation. 

Dry wheat requires friable seedbed for better germination and good growth of the 
crop. After complete drying of accumulated rainwater from the fields and when soil comes 
at vapsa conditions, the land is prepared by giving two to   three harrowing.  Harrowing 
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should be done in Swati Nakshtra or in second fortnight of October. This operation helps in 
removing weeds and conserving more moisture in the soil. 

(ii) Time of sowing and varieties: Time of sowing is one of the important aspects for 
obtaining good yield of wheat. Normally wheat is sown when the average daily 
temperatures fall to around 22-23°C, which happens only in November in most wheat-
growing areas.  

       Irrigated wheat: 
Sr.No. Time of sowing Varieties 

recommended 
Year of 
release 

1 Early sowing (1st week of Nov.) J 1-7, Raj 1555, GW 
89 

1985 

  GJW 463 2015-16 
2 Timely sowing (10-15 Nov.) 

 
 
 
 
 

 

Kalyansona  
Lok 1 1978 
WH 147 1978 
Raj 1555 1985 
GW 496 1989 
GW 503 1989 
GW 190 1993 
GW 273 1997 
GW 322 2002 
GW 366 2006 
GDW 1255 2011 
GW 451 2015 

3 
Timely sown irrigated areas of 
Gujarat state and early sown irrigated 
areas of Saurashtra 

GJW 463 2015 

4 Late sowing  
(25 Nov. to 15 Dec.) 

Lok 1 1979 
GW 40 1979 
GW 120 1985 
GW 173 1983 
GW 405 1985 
Sonalika  
GW 11 2010 

In middle Gujarat, wheat (GW 496) should be sown during November when mean 
air temperature approaches 24.5 ± 1.20 C with six irrigations i.e. at pre-sowing, crown root 
initiation, tillering, booting, flowering and milking stage. 

          Unirrigated wheat: Second fortnight of October to first fortnight of November is the 
optimum time of sowing which depend on moisture conserved in soil and soil temperature. 

Sr.No. Variety Seed rate Yield (q/ha) Release year 
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(kg/ha) 
1 A 206 50 11.00 1954 
2 GW1 60 13.00 1978 
3 GW-2 50 12.50 1980 
4 GW1139 

 (irrigated duram) 
150 44.00 1999 

5 Raj1555  
(irrigated duram) 

150 30.00 1985 

6 GDW 1255   47.61 2011 
7 Gujarat Anand 

Durum Wheat 3 
  15.08 (under rainfed 

condition) 
26.63 ( under restricted 

irrigation condition) 

2017 

(iii) Method of sowing: 
      Irrigated wheat: Recently, for wheat sowing seed drill is used. Depth of sowing is a 

critical for dwarf wheat, because Coleoptile is short in length and hence, dwarf wheat 
should not be sown 4 to 5 cm deeper in the soil, otherwise emergence become poor.  

      Unirrigated wheat: By drill method, seeds should be drilled about 5 to7 cm deep in moist 
soil layer. 

(iv) Spacing: 
  Irrigated wheat: Generally, sowing is done at 22.5 cm row spacing in sandy or Goradu 

soils. Wheat sown at 22.5 cm apart in cross manner also gives good germination, reduced 
weed growth and higher yield.   

         Unirrigated wheat: Seeds should be sown in rows 30 cm apart. 
(v) Seed rate: 
   Irrigated wheat: Normally seed rate is depends on the size or weight of seeds. The size 

of seed is medium if test weight (1000 grain) is 38 to 44 g than 100 kg seed/ha is 
recommended.  For bold seeded varieties if test weight is 45 g or more than 125 kg seed/ha 
is enough.  For late-sown and mild saline soil condition, 25% higher seed rate i.e. 125-150 
kg seed/ha is recommended.   

        Unirrigated wheat:60 kg/ha 
(vi) Seed treatment: Seeds should be treated with fungicides like captan or thiram @ 3.0 g 

per kg of seed for controlling soil borne diseases like root rot and seeding rot. In areas 
having light, sandy and goradu soils where termite is a serious problem the seeds should be 
treated with Bifenthril (200 ml) or Fipronil (600 ml) for 100 kg seeds in 5 lit of water) 
treatment should be given and treated seeds should be dried overnight period and used for 
sowing in next day morning.  

(vii) Manures and fertilizers: 
       Irrigated wheat:Well decomposed FYM @ 10 t /ha should be applied and incorporated 

in the soil at the time of field preparation. 
 
 



 

8 
 

N kg/ha P2O5 
kg/ha 

Stage of 
application 

60 60 Basal 
60 0 20-25 DAS 

120 60  
In sandy and well-drained soils, nitrogen can be applied in two splits, half (30 kg 

N) at first irrigation and second half at second irrigation. 
In intensive cropping, taking more than one crop in the same field may result in 

deficiency of zinc. To overcome this deficiency, 25 kg ZnSO4/ha should be applied at every 
three years interval.  

In salt affected soils, gypsum @ 1.25 tonnes/ha should be applied at every two to 
three years interval to improve the soil structure. 

In middle Gujarat, 120 kg N/ha (60 kg as basal and 60 kg at tillering stage) and 30 
kg P2O5/ha (as basal) should be applied. 

In north Gujarat,  30kg P2O5/ha along should be applied with PSB @  30g /kg seed 
as a seed treatment + inoculation of  20kg VAM culture and also  20kg ZnSO4/ha should be 
applied in soil, besides recommended dose of nitrogen. 

      Unirrigated wheat:20 + 15 + 0, NPK kg/ha 
 Total quantity of N and P should be applied as basal in the soil.  N is not applied as top 

dressing for dry wheat. In Bhal area, it is recommended to apply gypsum as soil 
amendment @ 1.0 tonne/ha at about 10 cm deep in soil once in four years before onset of 
monsoon. F.Y.M. can also be used for this purpose.    

(viii) Irrigations: 
    Irrigated wheat: Irrigation should be given at the following critical growth stages. 

Additional irrigations are also given according to soil and climatic conditions. Generally 5-
6 irrigations are applied to wheat crop.  In   North and Middle Gujarat, wheat crop requires 
8 irrigations. 

The information on critical growth stages and their effect on yield are given below, if 
irrigation is not applied at the critical stage. 

Sr. 
N
o 

Critical growth 
stage 

DAS Reduction in yield if irrigation is 
not given (%) 

1 CRI 18-21 35 
2 Tillering 35-40 20 
3 Jointing 50-55 20 
4 Boot stage 65 25 
5 Milk stage 75-80 17 
6 Dough stage 90-95 10 
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Under limited water supply conditions follow the irrigation schedule as given below: 
1. If one irrigation is possible than it should be given at 21 DAS (CRI). 
2. If  two irrigations are possible,  they  should  be  given,  first  at  21  DAS  (CRI) and  

second at 65-70 DAS (Flowering stage). 
3. If three irrigations are possible, they should be given at CRI, Jointing and Flowering stages. 
4. If four irrigations are possible, they should be given at CRI, Tillering, Flowering and 

Milking stages. 
5. If five irrigations are possible, they should be given at CRI, Tillering, Jointing or boot, 

Flowering and Milking stages. 
In middle Gujarat, in Narmada command area wheat (cv. GW-496) should be irrigated with 

canal water with 60 mm depth at sowing, CRI, tillering, flowering and grain filling stages.  
Irrigation with canal and tube well water should be applied alternatively or first 4 
irrigations with canal water and one irrigation at grain filling stage with tube well water 
should be applied.          

        Unirrigated wheat: Generally, in Bhal area, wheat is grown as unirrigated crop and not 
requires any irrigation. Ground water is harmful to the crop because it is saline. However, if 
rainwater is collected in farm pond, one irrigation should be given at maximum tillering 
stage i.e. about 30 to 35 days after sowing which give 30 to 40 per cent more yield.     

(ix) Interculturing and weeding : 
      Irrigated:Weed reduces the yield considerable depending on their intensity. In wheat 

field, common weeds are Chenopodium album L. and Cyperus rotundus L. Wheat crop 
should be kept absolutely free from weeds at least up to 45 days of sowing. For that, one 
hand weeding should be carried out at 3 to 4 weeks after sowing. Due to hike in labour 
charges and unavailability of sufficient labour in time, use selective herbicide like 
Pendimethalin @ 0.5 to 1.0 kg/ha in 600 liter of water applied as pre-emergence. If it is not 
possible to apply weedicide at the time of sowing, 2,4-D sodium salt @ 960 g/ha in north 
Gujarat or 750 g/ha in middle Gujarat in 600 l of water should also be sprayed at about 30 
to 35 DAS.  

       In middle Gujarat, premix broad spectrum herbicide clodinafop propargyl (15%) + 
metsulfuron methyl (1% WP) 64 g/ha or sulfosulfuron (75%) + metsulfuron methyl (5%) 
WG 32 g/ha (mix in 500 litres of water) should be applied as post emergence application 
(25-30 DAS) or hand weeding at 20 and 40 days after sowing should be carried out for 
effective management of complex weed flora and higher net return.  

      Unirrigated: To keep the crop weed free, one or two interculturing should be done at 30 
days interval after sowing. One or two hand weeding should be done as and when required. 
In Bhal zone, Glyphosate @ 0.4% + 1.5% Ammonium Sulphate should be sprayed for the 
effective control of 'camel thorn' locally called Jawasia. As this herbicide is nonselective in 
nature, it should be sprayed on the weed after harvest of the wheat crop. 

(x) Diseases: 
     Irrigated wheat: Black  rust  or  stem  rust, Brown  rust  or  leaf  rust, Yellow  rust  or  

stripe  rust, Loose  smut, Flag  smut, Karnal  bunt, Powdery mildew, Ear Cockle etc.    
     Unirrigated wheat: Rust 
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(xi) Pests: 
     Irrigated wheat: Termites, Aphid and Jassid 
     Unirrigated wheat: Grass hopper, stem borer, ear head worm, termite etc.     
(xii) Harvesting: The crop is harvested when grains become hard, straw become golden 

yellow, dry and brittle. The plants are harvested manually with the help of sickle early in 
the morning.  Harvested plants are tied into bundles and then carry to threshing floor for 
heaping. The grain is generally threshed by trampling under the bullock feet on threshing 
floor or by wheat thresher. Clean grains should be dried for 7 to 8 days under open sunlight 
to reduce moisture content upto 10-12 per cent for safe storage. 

Mix cropping in irrigated wheat 
In North Gujarat, irrigated wheat and lucerne should be grown as mixed cropping by 

broadcasting the seed @ 120 and 12 kg/ha, respectively. Wheat and lucerne are to be harvested at 
the same time and recommended to give four irrigations to lucerne at 7, 22, 42 and 60 days after 
harvest of wheat crop. This mixed cropping practice increases the total yield of crops and net 
return as well as improves soil fertility and wheat fodder quality. 
Research Station 

Irrigated wheat: 
     Main :Vijapur (Mehsana)    Sub : Junagadh and Bardoli 
Unirrigated wheat:             
     Main:Arnej    Sub: Dhandhuka 

Yield : 2600 kg/ha (Irrigated),   1000 to 1500 kg/ha (Unirrigated) 
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BARLEY (JAV)  
Botanical name: Hordeum vulgare L. 
Family : Gramineae 
Origin:Asia and Ethiopia 
 

 
Geographical distribution 

In world, Russia, Germany, France, Ukraine, Australia, Canada, Spain, Turkey, U.K. and 
U.S.A. are the major barley growing countries. This crop ranks fourth in world in both area and 
production of the cereal crops. The annual world harvest of barley is approximately 140 million 
tons from about 55 million hectares. It is one of the earliest domesticated food crops since the 
dawn of civilization. 

In India, it is cultivated in 3.3 million hectares with 3.5 million tons of production per 
annum. The major barley growing states are Bihar, U.P., Punjab, Haryana, Rajasthan, Gujarat, 
Karnataka, Tamil Nadu, M.P., West Bengal, Himachal Pradesh and Jammu and Kashmir. Bihar 
is an important barley growing state, which covers over 0.3 million hectare, but the productivity 
is very low i.e. hardly 7 quintals/ha. The main reasons for such a low yield are that it is grown in 
marginal land which is unsuitable for cultivation of wheat and secondly, it is mostly grown as a 
rainfed crop. 

In Gujarat, it is grown in 65000 ha with production of 7000 tonnes per annum. 
Banaskantha, Sabarkantha, Mehsana, Dahod, Panchmahal and Ahmedabad are the major barley 
growing districts.  
Economic importance 
1. Barley is the major source of food for large number of people living in the cooler semi arid 

areas of the world, where wheat and other cereals are less well adopted. 
2. The important uses of barley in India are as grain feed to livestock and poultry, as malt for 

manufacture of beer and other liquors like whisky, brandy etc.  
3. As a food, barley flour is used in preparing ‘Chapaties’. Sometimes it is mixed with gram or 

wheat and then ground to flour for preparing better quality ‘Chapaties’.  
4. Malt syrup is used in baking, in candies and in the textile industries. It is also added to 

medicines for its laxative/ purgative effect.  
5. Barley flour can be substituted up to 50 % with wheat flour without detriment to the quality of 

the bread.  
6. The principal obstacle to the use of barley flour in bread is that it contains no gluten and that 

darkens the loaf.  
7. Barley is cultivated for forage purpose and good quality hay is prepared from barley. 
8. By-products of brewing and distilling industry, known as ‘brewewrs’ and ‘distillers grain’ are 

useful as cattle feed. 
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9. Barley water is given to persons suffering from kidney disorders. 
10. Pearl barley is used for barley water which is diuretic and is given to persons suffering from 

kidney disorders. 
Soil requirements 

It performs best on well drained, sandy loam to sandy soil. It can tolerate alkali and saline 
conditions compared to other rabi crops and it is grown extensively under such conditions in 
Rajasthan, Panjab, Haryana, Uttar Pradesh and Bihar. 
Climatic requirements 
  Barley is a crop of temperate climate. In any given region, it matures 2-3 weeks earlier 
than that of wheat and other rabi cereals, indicating its lower requirement of heat to reach and 
thus it is also inherently equipped to escape drought. It grows best in areas where winter is cool 
and rainfall is either low or uncertain. Warm and moist area is not suitable. Frost at flowering and 
hail storm at grain development damage the crop. Rains at harvesting cause discoloration of 
grains which making them unfit for malting. The ideal condition for growing barley is 
moderately dry period for sowing. 
Varieties: RD 2052, C 164, Kailash, Amber, BR 32, NP 113, Ratna, Jyoti, Kiran 9, Kiran 10, 
 RS 6. 
Cultural practices  

(i) Land preparation:Land is prepared by 3-4 ploughing with desi plough or one ploughing 
with iron plough, followed by one harrowing and planking. At the last ploughing, proper 
insecticide should be applied to protect the crop against soil borne insects. 

(ii)Time of sowing: Middle of October to end of November. 

(iii)Method of Sowing: Drilling method is better than broadcasting. 

(iv) Spacing: 22.5 cm in irrigated and 30 cm in unirrigated condition. 
(v) Seed rate: Normal seed rate under irrigated condition is 75-80 kg/ha whereas 100 kg/ha   

for irrigated late sown and saline-alkaline soils. 
(vi) Seed treatment: Seed treatment with Vitavex, Benlate or Bavistin @ 2 g per kg seed 

before sowing for smut and Carboxin and Oxycarboxin for loose and yellow smut , 
respectively. 

(vii) Manures and fertilizers:   
 Well decomposed FYM or compost @ 8-10 t/ha. 
          Basal application of  N ( 40-60 kg/ha) and P2O5( 20 kg/ha) 

(viii) Irrigations: Barley is generally grown as a rainfed crop, but it requires 2-3 irrigations. 
First irrigation should be applied at active tillering stage and second at flowering stage. If 
there is a lack of moisture, one pre-sowing irrigation is necessary. Active tillering, flag 
leaf and milking stages are known to be the critical growth stages for irrigation. Out of 
these stages, active tillering stage is considered as the most critical one. 

(ix) Interculturing and weeding: As and when required, one or two operations are to be 
carried out. 

 (x) Diseases: Loose smut, powdery mildew, root rot, stem rust, leaf rust 
 (xi) Pests: Cut worm, termite, aphids 
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   (xii) Harvesting: Barley is harvested when fully ripe. Light showers and heavy dew at this 
time are welcomed by farmers since they mellow the grains. Premature harvesting 
results in lower yield and poor quality malt. To prevent loss of grain by shattering, it is 
advisable to cut the crop in the early hours of morning. Threshing is done by trampling 
the dried produce under the bullock feet. The grain is separated and stored. In 
Maharashtra, Gujarat and Karnataka, harvesting starts by about the first week of 
February. 

Research Station::National: Indian Institute of Wheat and Barley Research, Karnal,  
      State: Forage Research Station, Anand 

Yield :The average yield of 2000-2500 kg/ha (Rainfed), where as that of irrigated crop is twice as 
much. 
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Pulses   
The present production of pulses in the country hovers around 19 million tonnes, which 

falls short of the present domestic requirement of around 21 million tonnes. This shortfall in 
pulses is mainly due to near stagnation in production during the last decade (1999-2009) on 
account of poor spread of improved varieties and technologies, abrupt climatic changes, complex 
disease-pest syndrome, emergence of new biotypes and races of key pests and pathogens, and 
declining total factor productivity.  

In order to narrow down the demand supply gap, the country resorts to import pulses to 
the tune of 2-3 million tonnes every year. In order to ensure self-sufficiency, the pulse 
requirement in the country is projected at 39 million tonnes by the year 2050 which necessitates 
an annual growth rate of 2.2%. This requires a paradigm shift in research, technology generation 
and dissemination, and commercialization along with capacity building in frontier areas of 
research.  

 
 CHICKPEA  

(Gram - Bengal gram) 
 

Botanical Name:Cicer arietinum L. 
Family: Leguminoseae 
Origin: Afghanistan and Persia 

 
Classification of gram 
     The grams have been classified into two groups.  

Character Deshi or Brown gram  Kabuli or white gram  
Botanical name Cicer arietinum Cicer kabulium 
Color of the seed  Ranges from yellow to dark brown Usually white 
Seed size  Usually small Bold and attractive 
Adaptation Most widely grown group Specific adaptation 
Plants  Small with good branching ability Generally taller than deshi 

gram and plant less erect  
Yield potential High as compared to Kabuli Low as compared to deshi 
Varieties Chaffa, Dahod Yellow, PG 5, Vijay 

(rainfed), ICCC4,  ICCC10, GG 1, GG2 
(rainfed for Bhal region), Pusa 209,  Pusa 
408, C235. 

ICCC32, K4, K5, L144 and 
L550 
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Geographical distribution 
The important gram growing countries are India, Pakistan, Ethiopia, Burma and Turkey. 

India ranks first in the world in respect of production as well as acreage followed by Pakistan. 
India alone has nearly about 75 per cent of the world acreage and production of gram. Gram 
occupies about 37 per cent of area under pulses and contributes about 50 per cent of the total 
pulse production of India. In India, gram occupied nearly about 8.251 million hectares of area 
with annual production of nearly about 7.332 million tonnes during 2014-15. The major gram 
producing areas are centered in the states of Madhya Pradesh, Rajasthan, Uttar Pradesh, Haryana, 
Maharashtra, Punjab, Himachal Pradesh and Bihar.  

In Gujarat, gram was cultivated in about 1.61 lakh hectares area with total annual 
production of about 1.99 lakh tonnes and average productivity of 1330 kg/ha during 2014-15. 
Gram is grown in almost all the districts of Gujarat except Dangs. The cultivation of gram is 
predominantly centered in Bhal region consisting of Ahmedabad, Surendranagar, Bhavnagar, 
Kheda districts, Ghed region of Porbandar and in Godhra and Dahod districts.  
Economic importance 
  Chickpea seeds contain on average 18-22% protein, 52-70% total carbohydrates, 4-10% 
fat, 6% crude fiber and 3% ash. Seeds are rich in mineral content as phosphorus, calcium, 
magnesium, iron and zinc. Its leaves contain malic and oxalic acid, which is very useful for 
stomach ailments. Chickpea is best blood purifier. It is used for human consumption as well as for 
feeding to animals. Chickpea is mostly consumed in the form of processed whole seed or dal or as 
dal flour (Besan). Stover of gram is an excellent fodder for cattle. Chickpea flour is used for 
preparation of number of sweets and recipes.  
Soil requirements 

Chickpea crop does best on medium black, loam and sandy loam well aerated soils. It can 
be successfully grown in paddy land if there is sufficient moisture available in the soil.  Soils 
having excessive soluble salts and waterlogged soils are not suitable for gram cultivation. Gram 
being a deep-rooted crop, there should be sufficient moisture in lower layer of the soil. 
Climatic requirements 

Chickpea is a winter season crop requires a cool and dry climate. Frost received at the 
time of flowering results in the failure of the flower to develop seeds. Excessive rains soon after 
sowing or at flowering, pod formation or at maturity cause heavy yield loss. It is best suited to 
areas having moderate rainfall of 65 to 100 cm per annum. Late sown gram crop is adversely 
affected by summer weather, which causes early ripening and reduced yield. 
Varieties 
Shubhra(Kabuli type, Bold seed-35 g/100 seeds),Ujjawal, Chaffa, Dahod Yellow,ICCC 4, 
Gujarat Gram 1,Gujarat Gram 2 (rainfed for Bhal region),Gujarat Gram 4,Gujarat Junagadh 
Gram 3,Gujarat Junagadh Gram 5,Gujarat Junagadh Gram 6 
Cultural practices 

(i) Land preparation : Chickpea  needs  cloddy  and  rough  land  for  good  aeration  in  
root  zones  and  does  not need a  fine  seedbed. After harvesting of previous kharif crop, 
the field should be prepared in first fortnight of October by carrying two-three ploughing 
followed by one light harrowing and planking. For unirrigated crop, deep ploughing in 
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rainy season found to be advantageous because it helps in conservation of more moisture 
in the soil. 

 
 (ii)Time of sowing:Optimum time of sowing is second fortnight of October or first week of 

November. Early or late sowing results in low yields due to occurrence of wilt disease or 
pest attack.  

For middle Gujarat, chickpea (Cv.GG 2) for green pods, crop should be sown 
from 4th week of September to 2nd week of October. 

(iii) Method of sowing: Chickpea should be drilled about 10 cm deep to obtained good yield 
when it is raised under conserved moisture. If it is taken as irrigated crop, it should be 
drilled about 5 cm deep. Seed rate : 

(iv) Spacing: Chickpea variety Chaffa should be sown keeping the distance of30 cm x 10 cm 
and variety Dahod yellow 22.5 cm to 30 cm x 10 cm. Seeds should be drilled about 10 
cm deep under unirrigated and 5 cm deep under irrigated conditions.  

(v) Seed rate: 60 to 70 kg/ha. The chickpea variety Gujarat Gram 2 (rainfed) has bold seed 
size and requires more seed rate i.e. 80-85 kg/ha.  

   Delayed  sowing  require  higher  seed  rate  for  optimal  plant  stand  than  the  normal 
planted crop due to restricted growth.   

 (vi) Seed treatment: The seeds should be treated with Thiram or Cabendanzim 2 to 3 g/kg 
of seed to control the seed borne and fungal diseases and also for better germination.  

   For nodulation and nitrogen fixation, the seed must be treated with specific Rhizobium 
culture before sowing. Rate of culture should be kept double when seeds are treated with 
any fungicide. One packet of culture (250 gm) is enough for treating 8-10 kg seeds.  

 (vii) Manures and fertilizers: 
For irrigated crop (kg/ha) For unirrigated crop (kg/ha) 

N  P2O5  K2O  N  P2O5  K2O  
25 50 0 15 40 0 

Entire quantity of fertilizers should be drilled 3 to 4 cm deep in furrows before 
sowing. Application of sulphur @ 20 kg/ha is found beneficial if the soils are deficient 
in sulphur. 

When the soil is medium in available phosphorus, the crop may be fertilized with 
37.5 kg of P2O5 per ha and adequately manured at the time of sowing 

              In middle Gujarat, gram (GG2) crop should be applied 75 per cent  of recommended 
phosphorus fertilizer @ 30 kg/ha and phosphobectaria culture with adequate organic 
manure as a basal treatment in conjunction with irrigation at two stages (i.e. branching 
and pod formation) for getting higher yield as well as higher net profit. 

          In Bhal area, chickpea crop under limited irrigation facility should be applied 
Rhizobium as a seed treatment (30 g/kg seed) and 20 kg N + 20 kg S/ha as basal and 
remaining 20 kg N/ha at the time of first irrigation to obtain higher seed yield and net 
return. 

(viii) Irrigations: Generally gram is cultivated under conserved moisture. It is also grown as 
irrigated crop in the areas where irrigation facilities are available. It requires 3 irrigations 
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at critical growth stages, first at branching (30 DAS), second at flowering (55 to 60 
DAS) and third at pod formation (60 to 65 DAS) stages.  

If there is a facility to give only two irrigations, first irrigation should be given at 
flowering and second at pod formation stages. 
     In middle Gujarat,  chickpea  (GG 1) should be irrigated twice each of 50 mm depth;  
first  at  branching  stage (30 DAS )  and  second  at  pod  filling  stage (70 DAS ).   

(ix) Interculturing and weeding :One or two interculturing and hand weeding are necessary 
to keep the crop weed free.  Interculturing should be carried out during 4 to 6 weeks 
after sowing.  

In south Gujarat region, two hand weeding should be done at 20 and 40 days after 
sowing or weed is controlled by application of pendimethalin @ 1.0 kg/ha as pre-
emergence application. In south Saurashtra region, interculturing and hand weeding 
should be carried out at 30-35 days.  

(x) Diseases: Wilt and blight 
(xi) Pests: Pod borer 
(xii) Harvesting: Crop becomes ready for harvest when leaves turn reddish brown in colour 

and start shedding. Plants are either pluck out by hand or cut with sickle. The plants 
allow drying under sunlight on threshing floor for about 5 to 6 days. Thereafter, 
threshing is done either by beating the plants with sticks or by trampling under the 
bullock feet. 

Nipping  
It is the process of plucking the apical buds of the crop at about 30-40 days after sowing to 

control excessive vegetative growth. Nipping stops the apical growth and promotes the lateral 
branching thus, the plants become more vigorous and produce more flowers and pods thereby 
increase in yield. 
Research Station 
     National: IIPR, Kanpur 
     Gujarat:: Main : Junagadh, Sub : Sardarkrushinagar, Vadodara, Dahod, Derol, Arnej 
Yield ::Irrigated : 1500 to 2000 kg/ha  Un-irrigated : 800 to 1000 kg/ha 
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PEA  

 
Botanical name:  Pisum sativum L.  
Family: Leguminoseae 
Origin : South Europe and Western Asia 

  

Pea is an important leguminous crop which is also known as Matar in India; the crop is 
generally cultivated for its green pods.It is sown after harvest of kharif crops. Common rotations 
are maize-pea, paddy-pea, cotton-pea, sorghum-pea and pearl millet-pea. It is grown mixed with 
gram, barley, wheat, mustard and oats. 
  There are two types of cultivated pea, garden pea and field pea. 

Garden pea Field pea 
Pisum sativum var. hortense Pisum sativum var. arvense 
It is also known as table pea Hardy plants, grown on a large scale without 

irrigation. They can also withstand frost. 
Generally white flowered Coloured flowers. Leaf axils are often 

pigmented 
Seeds are yellowish, whitish or bluish green. Seeds are grayish green/brown or grayish 

yellow. 
Seeds are bold and wrinkled Seeds are rounded and angular 
Young, green seeds are used in vegetables 
and for canning purposes 

The ripe matured seeds are used as pulse (dal). 
They are also grown as forage or green 
manure crop or cover crop. 

Geographical distribution 
The crop is mainly cultivated in the countries of China, Russia, India, Ethiopia and USA.  

In India, it is mainly cultivated in Uttar Pradesh, Madhya Pradesh and Bihar. Uttar Pradesh state 
alone contributes about 75 % of the total production of pea of the country.In  India,  the  major  , 
it was cultivated in an area of 1.06 million hectares with a production of 1.01 million tonnes of 
grains with the average productivity of 955 kg/haduring the year 2016-17. 
Economic importance 

Garden pea is harvested at immature condition for cooking to provide delicious dish or to 
be canned as frozen for subsequent uses. Field pea is grown as a forage crop for cattle or as a 
green manure crop or as a cover crop or for dry seeds. These mature seeds may be used as whole 
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or split into ‘dal’ and for various preparations for human consumption.  It is highly nutritive and 
contains high digestible protein, carbohydrates, minerals and vitamins. It contains 22.5 % protein, 
fat 1.8 % and carbohydrates 62.1 %. It also contains calcium, iron, riboflavin and thiamin. 
Soil requirements 

It can be grown on a variety of soils; however, deep loamy soils of Indo-Gangatic plains 
are the best. The crop can withstand mild alkaline conditions but doesn’t thrive well on acidic 
soils. 
Climatic requirements 

The crop requires cool growing season and moderate temperatures. High temperatures are 
more injurious than frost. Frost can damage the plants during flowering stage.  
Varieties: 

Sr. 
No. 

Variety Yield 
(q/ha) 

Area of 
adaptation 

Remark 

1 Rachna 20-25 All zones White seeded, powdery 
mildew resistant 

2 Aparna (HFP 4) 26 NWPZ Dwarf, PM resistant 
3 Adarsh 20-22 CZ Tall, PM resistant 
4 Vikash 22-25 CZ Dwarf, PM resistant 
5 Prakash 22-25 CZ & NHZ Large seeds, PM resistant 
6 Aman 22-25 NWPZ PM resistant, tolerant to 

rust 
7 IPF 4-9 18-20 UP state PM resistant, tolerant to 

rust 
8 GDFP 1  25-30 Gujarat For green pods and dry 

seeds  
Cultural practices: 

(i) Land preparation: A well-drained loam soil having pH 6.5 is most suited. The crop is 
highly sensitive to water logging conditions. After harvesting of kharif crop, two 
ploughing followed by two harrowing and planking should be carried out to make a field 
friable and clean. 

(ii) Time of sowing: With onset of winter in the month of November for most of the 
varieties. 

Under extra early group variety DDR 23 should be sown from 20th November to 10th 
December on light textured soils of north Gujarat. 

(iii) Method of Sowing: Drilling 
(iv) Spacing:30cm x 10cm, 45 cm x 10 cm 
(v) Seed rate:50 to 95 kg/ha. 
(vi) Seed treatment: Seeds should be treated with Thiram @ 2 - 3 g /kg of seeds and proper 

strain of rhizobium culture should be inoculated before sowing the crop. 
(vii) Manure and fertilizers:8 to 10 t good quality FYM/ha, 20 - 25 kg nitrogen, 40-50 kg 

P2O5 and 50 kg K2O/ha 
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(viii) Irrigation: First irrigation should be given soon after sowing, second at 7- 8 DAS and 
subsequent irrigations at 12 to 15 days interval. In all, 7 to 9 irrigations are required. 

(ix) Interculturing and weeding: Carryout hand weeding twice at 20 and 40 DAS or under 
constraint of labours, apply pendimethalin 30 EC @ 1.0 kg/ha as pre emergence. 

(x) Diseases: Wilt, powdery mildew, blight, rust 
(xi) Pests: Aphids, pod borer 
(xii) Harvesting: When pods become mature and turn into yellowish colour, crop should be 

harvested and transported into threshing yard for drying them under sunlight for few days. 
After complete drying, seeds are separated by beating with sticks. 

Research Station 
National: Indian Institute for Pulses research, Kanpur 
Gujarat state: Main Pulses Research Station, SDAU, Sardarkrushinagar 

Yield : 
  Field pea : 20 to 25 q/ha dry seeds 
  Garden pea : 100 to125 q/ha green pods 
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Oil seeds 
India is among the largest vegetable oil economies in the world, next only to USA and 

China. And, in the agricultural economy of India, oilseeds are important, next only to foodgrains 
in terms of area, production and value. When the country’s agricultural scenario was undergoing 
a rapid transformation leading to impressive performances on the food fronts in 60s and 70s, the 
oilseeds scenario, had presented a dismal contrast. India changed from net importer in 80s to a 
net exporter status during the early 90s. Again, it is back to net importer status. 

The Indian Institute of Oilseeds Research (IIOR) formerly Directorate of Oilseeds 
Research was established on August 1, 1977 with the elevation of All India Coordinated 
Research Project on Oilseeds (AICORPO). It was operated with the Headquarters at 
Rajendranagar, Hyderabad with Project Director as its administrative head with the assistance of 
seven Project Coordinators for groundnut, rapeseed-mustard, sesame & niger, linseed, castor, 
safflower and sunflower.  Subsequently, groundnut and rapeseed-mustard were delinked from the 
Directorate with the establishment of National Research Centre for each of these crops during 
1979 and 1993 respectively. In April 2000, the AICRP on sesame, niger and linseed have been 
separated from the administrative control of IIOR. With the upgradation of DOR to IIOR, 
sesame, niger and linseed have been added with the existing mandate crops such as castor, 
safflower and sunflower.  
 

RAPESEED and MUSTARD  

        
 
Botanical name:Brassica campestris (Rapeseed) 
                           Brassica juncea (Mustard) 
Family:Cruciferae 
Origin::Rapeseed : Eastern Afghanistan and adjoining parts of India and Pakistan 

  Mustard : China 
Rapeseed crop is known by different names in different places e.g. sarson, toriaor lahi, 

while mustard is known as rai or raya or laha. 
Mustard is the most important member of the group, accounting for more than 70 % of 

the area under rape seed – mustard followed by toria, yellow sarson and brown sarson. Taramira 
is raised on very poor sandy soils with low rainfall. Mustard and sarson group of plants however 
are grown both on sandy and heavy soils under irrigated and rainfed conditions. These crops are 
commonly cultivated in areas of marginal and sub marginal productivity, either mixed or 
intercropped with wheat, barley, gram, pea, sugarcane, lentil etc.  In areas of advanced 
Agronomy, they are chiefly grown as pure crops. In recent years though there has been an 
increase in area and production of rapeseed and mustard, the average productivity (800 kg/ha) of 
the country is quite low in comparison of the developed countries of the west.  
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The cause for low production is diverse and often complex, but major ones have been 
non-availability of improved varieties of seeds, susceptibility to various insect pests, disease and 
frost. Coupled with these is unawareness on the part of farmers about the crop management 
practices. If efficient crop management practices are adopted at appropriate time, the production 
and productivity levels can easily be enhanced.  

Rape and mustard belong to crucifereae and genus Brassica. Brassica includes the 
following important oilseed species. 

Rapeseed (Brassica campestris var. sarson and toria): 
It is herbaceous annual plant. The plant is shorter than mustard. Plant height ranges 

between 45 and 150 cm. The roots are more or less surface feeder and the root system has limited 
working depth with an extensive lateral spread. The stem is usually covered with waxy deposit. 
In rape, leaves are borne sessile and are glabrous and hairy. Fruit are thicker than those of 
mustard and are laterally compressed with a beak one-third to half their length. Seeds are either 
yellow or brown with a smooth seed coat. Rape is self-pollinated but cross-pollination also takes 
place to some extent. 

Mustard (Brassica juncea):  
It is known as rai, raya or laha. The plants are tall (90-200 cm) and much branched. The 

plants bear normally long and tapering roots. The leaves are not dilated at the base and clasping 
as in the case of rape but are stalked, broad and pinnatified.  The fruits are slender and only 2 to 
4.5 cm long, strongly ascending or erect with short and stout beaks. The colour of seed is brown 
or dark brown. Seed coat is rough, mustard is self-pollinated but cross-pollination also takes 
place some extent. 

Flowers of both the species have 4 sepals and 4 petals of deep yellow to pale yellow 
colour. Each flower has 6 stamens, 4 with long and 2 with short filaments.  The pistil is 
compound and ovary matures into a 2-celled fruit (a siliqua). It is made up of a 2 carpels, which 
are separated by a false septum thus providing 2 chambers. 
Geographical distribution: 

The important rapeseed and mustard growing countries of the world are India, Canada, 
China, Pakistan, Japan, Poland, Bangladesh and Sweden. India ranks first in respect of acreage 
accounting for 31.8 % of the world total and second in production next to Canada with a 
contribution of about 16 % of world total. Rapeseed and mustard occupied 35.4 lakh hectares 
with annual production of 16.18 lakh tonnes. 

In India, its cultivation is mainly confined to Uttar Pradesh, Rajasthan, Madhya Pradesh, 
Haryana, Punjab, Orissa, Assam, Bihar, Gujarat and West Bengal. Among different states 
growing mustard and rapeseed, Uttar Pradesh alone produces about 60 % of total rapeseed and 
mustard production in India. 

In Gujarat, it is cultivated in about 3.4 lakh hectares with a total annual production of 
about 3.5 lakh tonnes.  It is cultivated in the districts of Mehsana, Banaskantha, Ahmedabad, 
Jamnagar, Sabarkantha, Rajkot, Kutch, Kheda, and Amreli   but not grown in   Valsad, Dangs, 
Surat, Surendranagar, Panchmahals, Bharuch, Vadodara, Bhavnagar, Junagadh. 
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Economic importance 
Rapeseed and mustard are the major rabi oilseed crops of India. They occupy a prominent 

place being next in importance to groundnut both in area and production, meeting the fat 
requirement of about 50 % populations of Uttar Pradesh, Punjab, Rajasthan, Madhya Pradesh, 
Bihar, Orissa, West Bengal and Assam. India contributes lion’s share in production of rapeseed 

and mustards and stand first in the world.  
  Rapeseed contains about 42 % oil and mustard seed contains about 38-40 % oil. The seed 
and oil are used as condiments in the preparation of pickles and for flavouring curries and 
vegetables. The oil is utilized for human consumption throughout Northern India in cooking and 
frying purposes. It is also used in the preparation of hair oils and medicines. It is used in soap 
making in mixture with mineral oils for lubrication. Rapeseed oil used in the manufacture of 
greases. The oil cake is used as cattle feed and manure (5.2 N, 1.0 P2O5 and 1.4 K2O). Due to 
glucosinolates, mustard cake is not suitable for human purpose as it is adversely affects protein. 
Green stems and leaves are a good source of green fodder for cattle. The leaves of young plants 
are used as green vegetables as they supply enough sulphur and mineral in the diet. In the tanning 
industry, mustard oil is used for softening leather. 
Soil requirements: 

Generally the rape and mustard thrives best in medium or heavy loam soils except 
taramira which is raised on lighter soils but heavy soils subjected to water logging should be 
avoided as the crop cannot tolerate such conditions. Very light soils usually cause a serious 
moisture stress and a poor crop growth is observed while Saline and alkaline soils are often not 
fit for the crop though it has good tolerance to such conditions. 
Climatic requirements 

Rapeseed and mustard are crops of tropical as well as temperate zones and require 
somewhat cool and dry weather for satisfactory growth. The crop requires about 18-25 0C 
temperatures, low humidity, practically no rains at the time of flowering. Rainfall, high humidity 
and cloudy weather are not good for the crop during winter as it invites aphids and the crop gets 
spoiled completely.   
 However, under rainfed conditions, 1 or 2 pre-flowering rains help in boosting the grain 
yield. Excessive cold and frost are harmful to the crop.Toria is more liable to suffer from cold 
and frost and is, therefore, usually sown earlier and harvested before the onset of frost. They 
require a dry clean weather at the time of maturity. Rapeseed and mustard are long day in 
periodic response.  These crops are not drought tolerant. They require on annual precipitation of 
35 to 45 cm. The crop also does not tolerate water logging conditions. 
 
Varieties: 

Mustard Rapeseed Taramira 
(Racket salad) 

Patan-64 Patan 66 T 27 
Varuna (T 59) Released in 1976 from 
CSAUAT, Kanpur 

Gujarat Sarsav 1 (1992) GSL 1 

Kranti (GBPUAT, Pantnagar), 1983 Bhavani (Kanpur)  

17 



 

24 
 

Krishna (GBPUAT, Pantnagar), 1984 Panchali (Pantnagar)  
GM 1 (1989) Sangam (Hisar)  
GM 2 (1995) PusaKalyani  
Vaibhav, Vardan and Rohini 
(CSAUAT, Kanpur) 

  

Pusa Jai Kisan   
Pusa Bold   
GM 3 (2004)   
GDM 4 (2011)   
 
Cultural practices: 

(i) Land preparation: The crop is required clean, well pulverize, fine, firm and moist seed 
bed. For achieving this type of tilth the field should be given pre-sowing irrigation, if 
there is less moisture in the field. Therefore, deep ploughing followed by two to three 
harrowing and planking operations are to be carried out. Care should be taken to see that 
weeds and stubbles are well removed from the field and the field and the soil contains 
adequate moisture to ensure good germination. 

(ii) Time of sowing: Sowing of rapeseed and mustard should be done between 15 to 25 
October or during Swati nakshtra, when temperature goes down during daytime. Late 
sown crop produce low yield due to shorter duration of re-productive phase, allowing 
less time for siliquae formation and development of pods, slow growth and severe attack 
of aphids and sawfly. 

(iii) Method of Sowing: Drilling 
(iv) Spacing: Sowing should be done at 45 cm apart in rows and plant-to-plant spacing 

should be maintained 20 cm by thinning of weak plants at 15 days after germination. 
(v) Seed rate: 3.5 – 4.0 kg/ha 
(vi) Seed treatment: Seed should be soaked in water for 8-10 hours before sowing for easy 

and prompt germination. Thereafter, dried seeds are treated with Thiram or Captan @ 3 
g/kg of seeds. Seeds should be also treated with 25 ppm ascorbic acid solution (for seed 
soaking treatment, take 40 mg ascorbic acid and dissolve in 1.6. liters of water and add 
this solution in 4 kg of seeds of mustard,  Stir seeds for uniform soaking).  Keep the 
seeds for 3 hours and then spread treated seeds in shade on paper/gunny beg and dry. 
Repeat this procedure for 2 times. 

(vii) Manures and fertilizers: Well decomposed FYM @ 10t/ha 
N 

(kg/ha) 
P2O5 

(kg/ha) 
K2O 

 (kg/ha) 
Remarks 

25 50 0 Basal 
25 - - At 30 DAS 
50 50 0  

  For rainfed crop, it should be manured with 25 kg N and 25 kg P2O5/ha as basal. 
      For southern part of Saurashtra, top dressing is done at 45 DAS. 
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  Soils of north Gujarat are medium in phosphorus; apply 25 kg P2O5/ha for mustard 
crop. The crop yields are poor in sulphur deficient soils. To get significant increase in 
yield, 20 kg sulphur or 200 kg gypsum per hectare should be applied. 

  In south Gujarat Agro-climatic zone, mustard (GM 1) should be fertilized with 10 
t FYM + 75 kg N/ha + 25 kg P2O5/ha. The half dose of N should be applied after one 
month of sowing. 

  In middle Gujarat, the crop should be fertilized with 50 kg N/ha. 
In north West agro climatic zone, 50 : 50 N, P2O5 and 20 kg S /ha should be 

applied through gypsum to  mustard under rainfed condition in salt affected soil for 
obtaining higher yield and net return. 

In north Gujarat agro climatic zone (AES 1) of light textured soil, mustard should 
be applied 75 % recommended dose of N (37.5 kg) and P2O5 (37.5 kg) each along with 
seed treatment of bio - fertilizers (Azotobacter + PSB 30 g per kg seed ) for realizing 
higher yield and net return. 

(viii) Irrigation: Under irrigated conditions crop require 3 irrigations. First irrigation should 
be given at 20 to 25 days of sowing or immediately after thinning.  Second irrigation 
should be given at 45 days after sowing and third (last) irrigation should be at seed 
formation in pods according to the crop requirement. If cloudy weather prevails at the 
time of pod formation, irrigation should not be given because it increases aphid’s attack.  

  Excessive irrigation at later stages of crop growth reduces the yield by inducing 
secondary flowering and lodging in the crop. 

In middle Gujarat Narmada command areas, mustard should be irrigated at node 
elongation, flowering and pod development stages with 5 cm depth. 

In north Gujarat Agro-climatic Zone (AES-I), mustard (GM 3) should be irrigated 
through sprinkler at 1.0 IW/CPE for obtaining higher yield and net return over surface 
method of irrigation. 

(ix) Interculturing and weeding :The crop should be kept weed free up to 30 days for 
maximum yield. Interculturing and hand weeding should be carried out as and when 
required. 

The mustard growing farmers of North Gujarat agro climatic zone (AES 1) should 
apply glyphosate @ 0.25% on moist soil at 42-45 DAS (after second irrigation) using 
protector hood on nozzle to control orobanche. 

(x) Diseases: Powdery mildew, white rust and Alternaria blight 
(xi) Pests: Mustard sawfly, Aphids and Painted bug 
(xii) Harvesting: As soon as the silique turns yellowish brown, harvest the crop or when 75 

% silique turn yellowish and moisture content of the seed is around 40 %. At this stage, 
maximum seeds should be harvested preferable early in the morning. Seeds are 
separated and stored when moisture content of the seed must be less than 8 %. 

Research Station: 
Main: Sardarkrushinagar 

Yield ::Rape seed : 1500 to 1800 kg/ha ,Mustard:  2000 to 2200 kg/ha 
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LINSEED (Alsi or Flax) 

Botanical name: Linum usitatissimum L. 
Family: Linaceae 
Origin : Mediterranean region (including Egypt, Algeria, Spain, Italy and Greece). 
   

 
Linseed is more commonly known as flax in western countries. Two species are under 

cultivation having equal number of chromosomes (2n = 30). The small seeded type (shorter) is 
grown mainly for oil purpose and bold seeded type is mainly grown for fiber purpose. 

 Geographical distribution 
Linseed is one of the most important crops of the world cultivated over 5.5 million 

hectares. The important linseed growing countries are India, Russia, Argentina, Canada and 
U.S.A. In 2015-16, India had an area of 2,63,860 ha under cultivation and 1,25,490 tonnes with 
the productivity of 477 kg/ha. In India, it is cultivated in the states of Madhya Pradesh, Uttar 
Pradesh, Maharashtra and Bihar. Madhya Pradesh occupies premier position in India both with 
respect to area and production of linseed. In Gujarat, the crop is not cultivated. 
Economic importance 

Linseed is an important oilseed and fiber crop. Its seed and fiber are used for manufacture 
of linen, canvas and in dispersible products for defense purpose. Seed contains oil which varies 
from 37 to 43 % in different varieties. About 20 % of oil is used in farmers home, while about 80 
% oil is used in industries in various forms. Oil is used for the preparation of paints, varnish, pad 
ink, printing ink, oilcloths, soap, linoleum and patent leather and waterproof fabrics. Woody 
matter and short fibers may be used as raw pulp for making paper of quality comparable with that 
of currency notes. The oil cake is used as cattle feed. It contains 36 % protein. It is also used as 
organic manure. It contains about 5 % nitrogen, 1.4 % P2O5 and 1.8 % K2O. 

Among the oilseed crops grown in rabi, linseed is next in importance to rapeseed and 
mustard in areas as well as in production. In technical oil production, it ranks first in the country. 
Every part of the linseed plant is utilized commercially either directly or after processing. On a 
small scale, seed is directly used for edible purposes. 
Soil requirements 

It thrives best on almost all types of soils, but do better on heavier soils having more 
water retention capacity.  It grows best on well-drained loam to clayey loam soils rich in humus. 
Climatic requirements 

It is a cool season crop. High temperature above 32 ˚C accompanied with drought during 

flowering stage reduces yield, oil content of the seed and quality of the oil. Moderate temperature 
21 - 26.5 ˚C is ideal. The crop is susceptible to frost. At the time of flowering, frost is very 
harmful to the crop. It is a long day in photoperiodic response. The crop is suitable to low rainfall 
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tract. The crop requires well surface moisture since the crop has shallow root system. Generally 
the crop is raised under conserved moisture. It is also taken as irrigated crop in dry climate. 
Varieties 

Irrigated: Garima,Himalini, Jeevan 
Rainfed: Sweta, Kiran,Shekhar 

 Cultural practices 
(i) Land preparation:One ploughing through soil turning plough followed by two to three 

harrowing should be carried out followed by planking. 
 (ii) Time of sowing:First week of October to first week of November is appropriate time 

for sowing.  Delay in sowing adversely affects plant growth and ultimately reduce yield. 
(iii) Method of Sowing: Drilling 
(iv) Spacing: 30 cm x 5 cm(Sowing depth:4-5 cm) 
(v) Seed rate: 20 to 30 kg /ha 
(vi) Seed treatment: Seed should be treated with Bavistin (@ 1.5 g/kg seed) or Thiram @ 3 

g/kg seed) to protect the crop from seed-borne diseases and to some extent from soil-
bome diseases also. 

(vii) Manures and fertilizers: 
Well decomposed FYM @ 8-10t/ha  

N  
(kg/ha) 

P2O5 

(kg/ha) 
K2O 

 (kg/ha) 
Remarks 

25 40 0 As basal  
25 0 0 At first irrigation (30-40 DAS) 
50 40 0  

(viii) Irrigation:Two irrigations are sufficient to obtained good yield. First irrigation should 
be given at 30 - 40 DAS and second irrigation should be applied before flowering. 

(ix) Interculturing and weeding :Two hand weedings and interculturing should be carried 
out at 3 and 6 weeks after sowing. Linseed is frequently infested with cuscuta infestation 
which causes serious yield losses by parasitizing on plant from15 DAS after sowing. 
Crop rotation with non-host cereals is the ideal solution. Pendimethalin @ 1 kg/ha as 
pre-emergence application is effective. 

(x) Diseases: Rust, wilt and powdery mildew 
(xi) Pests: Leaf cater pillar, leaf minor 
(xii) Harvesting: Generally the crop matures in 125-135 days after sowing. When stem turn 

into yellowish and capsules and leaves began to dry, crop is to be harvested. After 
harvesting, bundled the plants and leave them on threshing floor for 4-5 days for drying 
under sun light. After complete drying, seeds are separated by beating the plants with 
sticks or by trampling under feet of bullocks. 

Research Station: AICRP on linseed, Akola (Maharashtra) 
Yield : 1500-2000 kg/ha (seeds) 
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SUNFLOWER 

Botanical name: Helianthus annus L. 
Family: Compositae 
Origin : USSR 

 
In India it is popularly known as Surajmukhi is an annual erect and herbaceous plant 

growing to a height of 1.5 to 6.0 m. The taproot going up to 3 m depth with larger lateral spread 
of feeder roots. Stems are usually round early in the season, angular and woody later in the 
season, and normally unbranched. Leaves are rough on both surfaces and irregular toothed on the 
margins with hairs on both sides varying in size having acute or acuminate tip. Inflorescence is a 
typical of compositae/ Asteraceae family. It is protandrous (relating to an organism, especially a 
plant, in which the male (Anther) reproductive organs mature before the female (stigma) 
reproductive organs), male and female parts mature at different times. Sunflower is essentially a 
cross pollinated crop. Flower is yellow. Heads are 10-50 cm in diameter with 40-80 rays and 
brown or black discs. A single head produces about 350-2000 seeds. Seeds are generally less than 
1.5 cm long pointed at base and round at end. Seed may be white, black or black with white 
stripes.  
  There are 264 species in Helianthus genus. All the varieties grown in Russia and in India 
are divided into three groups. 
 a. Large white seeded varieties possessing high oil content 
 b. Small black seeded varieties best for eating purpose. 
 c. Intermediate type with striped seeds good for both eating and oil purposes. 
  Sunflower varieties are varying greatly in plant height, maturity, number, diameter and 
colour of heads, size, shape, colour, oil and husk content of seeds and suitability for different 
climates. Thus, the cultivars may be divided into following types. 
1. Giant types: Plant are 180-420 cm tall, late maturing, heads 30-35 cm in diameter, seeds large 

white or gray, with lower seed content, variety Mammoth Russia 
2. Semi dwarf type: Plants 130-180 cm tall, early maturing, heads 18-24 cm in diameter, seeds 

smaller, black gray, higher oil content, varieties Polestar and Jupiter 
3. Dwarf type: Plants 60-135 cm tall, early maturing, heads 12-17 cm in diameter, seeds small, 

highest oil content, varieties Advance, Sunrise etc. 
Geographical distribution 

Sunflower is an important oil-producing crop in temperate countries where it is grown 
during spring season from April to September. The major sunflower producing countries in the 
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world is the Russia, USA, Argentina, Romania, Yugoslavia, Bulgaria, Hungary and Canada 
makes up most of the rest. Russia is producing about 66 % of the world’s sunflower oil.  

Sunflower is an oilseed crop introduced in India during 1969. In India, Haryana, 
Karnataka, Rajasthan, Maharashtra, Madhya Pradesh, Tamil Nadu, Uttar Pradesh, Punjab, Orissa, 
Jammu and Kashmir, West Bengal and Gujarat are the major producer states of sunflower. It is 
cultivated in an area of about 4.0 lakh hectares in the country.  

In Gujarat, sunflower is cultivated mainly in the districts of Vadodara, Ahmedabad and 
Kheda. 
Economic importance 

1. Sunflower seed contains 45-50 % good quality oil (light yellow in colour), which possesses 
pleasant flavour, high keeping quality and can be used for a variety of cooking purpose 
like any other edible oil. 

2. Sunflower oil is a rich source (64 %) of linoleic acid, which helps in washing out 
cholesterol deposition in the coronary arteries of the heart and is good for heart patients. 

3. Oil is also used in manufacture of soaps and cosmetics.  
4. The oil cake contains 40-44 % high quality protein. It is ideally suited for poultry and 

livestock rations.  
5. It can also be used for manufacturing baby foods.  
6. The sunflower kernels can be eaten raw or roasted.  
7. Young plants are used for fodder as well as for ornamental purpose.  
8. Next to soybean, cotton, rapeseed and mustard, sunflower is the largest source of vegetable 

oil in the world.  
9. It holds a great promise because of its short duration, photo-insensitive, wide adaptability 

and drought tolerance. 
Soil requirements 

Sunflower can be grown on variety of soils (wide range) and tolerate some salinity. It 
thrives best on deep loam soils with good drainage and irrigation facilities. The optimum range of 
soil pH for this crop is 6.5 to 8.5. It can also thrive well on poor, rocky shallow soils where no 
other crop can be taken with advantage.  Sunflower crop can be a good choice for increasing 
cropping intensity both under irrigated as well as rainfed conditions. 
Climatic requirements 
  The crop is raised from 40º S to 55º N but greater production is between the latitudes 20º 
and 55º N and 20º and 40º S. The crop can be raised up to altitude of 2500 m. However, the 
highest oil/ha is obtained below 1500 m. For all practical purposes, it is a dry day neutral crop. 
The crop requires a cool climate during germination and seedling growth. Seedlings are 
tolerating frost moderately well until they reach the four to six leaf stage of development. It 
requires warm weather from the seedlings stage to flowering stage and warm and sunny days 
during flowering to maturity. High humidity accompanied with cloudy weather and rainfall at the 
time of flowering results in poor seed setting and high plant mortality. The amount of linoleic 
acid decreases with high temperatures at maturity.  

Sunflower is a photo insensitive crop and hence, it can be grown successfully in any 
season throughout India. It tolerates temperature range of 8-35 ºC without significant yield 
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reduction indicating that it is adapted to the regions with warm days and cold nights. However, it 
grows well within the temperature range of 20-25 ºC. It can be grown at any time during the year 
and can serve as an ideal catch crop during the period when land is otherwise left fallow.  
Varieties 
Sr.No. Name of variety Duration Remarks 

1 CO1 Short duration TN 
2 Morden Short duration 70-75 days, Gujarat 
3 EC 68413 Medium duration 90-95 days 
4 EC 68414 Medium duration 90-95 days, Gujarat  
5 EC 68415 Medium duration 90-95 days 
6 APSH11 Hybrid 80-85 days, yields 25-30 q/ha. (AP) 
7 KSFH1 Hybrid Suitable for all areas, rust resistant 
8 TNAU SUF7 Open pollinated variety 95 days, 40 % oil (1 tonne/ha) 
9 Guj. Sunflower1 Medium duration 93 days, released in 1994, 870 kg/ha 

Cultural practices 
(i) Land preparation:The first shallow ploughing should be done by local plough followed 

by 2 to 3 harrowing according to the requirements. Field should be clod free and 
levelled. For summer cultivation, land should be prepared by giving pre-sowing 
irrigation. Sufficient moisture should be available in the land for uniform and good 
germination. 

(ii) Time of sowing:  First week of November. 
(iii) Method of Sowing: Drilling  - seed should be drilled up to 5 to 7.5 cm deep according 

to the soil moisture available in the soil at the time of sowing (for summer cultivation). 
(iv) Spacing: 60 cm x 20 cm 
(v) Seed rate:10 to 12 kg/ha (sole crop) ,5 to 06 kg/ha (mixed crop) 
For fodder, 20-25 kg/ha (30 cm spacing, 40-40 NP kg/ha and harvesting at flowering stage) 
(vi) Seed treatment: Seed should be treated with thiram or brassicol @ 2 to 3 g/kg of seeds. 
(vii) Manures and fertilizers: Sunflower is exhaustive crop and responds well to manure 

and fertilizers for its successful cultivation. Manures and fertilizers both play an 
important role in sunflower cultivation. Use of FYM helps in better conservation of 
moisture in the soil. A crop of sunflower yielding 14 - quintals/ha exhaust 175 kg N, 65 
kg P2O5 and 225 kg K2O from 1 ha land. 

  Therefore, it is necessary to apply adequate quantities of manures and fertilizers   
in the field of sunflower. 

N 
 (kg/ha) 

P2O5 

(kg/ha) 
K2O 

(kg/ha) 
Remarks 

30 60 0 At the time of sowing 
30 0 0 30 to 40 DAS 
60 60 0  

 



 

31 
 

(viii) Irrigation: If dry spell occur and there is a moisture stress in the soil, irrigation should 
be given at flower head initiation stage, second at flower head development and third at 
grain filling stage. Irrigation restricts the development of root though plants grow tall 
and become susceptible to lodging.  

(ix) Interculturing and weeding: The crop should be kept weed free up to 45 days after 
sowing to obtain higher yields. Mechanical methods of control such as 2 hand weeding 
and 2 interculturings with hand hoe at 20-25 days and second at 30-35 days after sowing 
were quite effective. 

(x) Diseases: Alternaria leaf blight, rust, root and collar rot, downy mildew, head rot and 
necrosis 

(xi) Pests: Parrot damage the crop to a greater extent at seed setting and seed maturity stage 
and hence protection against this bird is must (Bird watching is must). 

(xii) Harvesting: All heads may not be ready for harvesting at one time. Harvesting may 
therefore, be done in two or three installments to avoid shattering of the seeds. The 
heads mature when back of the flower disc turn yellowish brown. The heads are cut and 
should be dried well under sunlight. The seeds are separated easily by beating the center 
of the head with small stick.  Store the produce (seeds) after complete drying by keeping 
the moisture at 10 %. 

Research Station::National: IIOR, Hyderabad, State: Junagadh 
Yield : 800 to 1200 kg/ha 
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Sugar Crops 
Importance of sugar crops  

  In addition to providing the source for the manufacture of sugar, sugar crops are used to 
produce alcohol and ethanol.  

 In certain countries, sugar cane is eaten raw in minor quantities.  
  It also is used in the preparation of juices and for animal feed.  
 There are two major sugar crops: sugar beets and sugar cane. However, sugar and syrups 

are also produced from the sap of certain species of maple trees, from sweet sorghum 
when cultivated explicitly for making syrup and from sugar palm.  

  Sugar beets that are cultivated solely as a fodder crop and are classified as vegetable 
crops  

 Sugar cane is a perennial grass that is cultivated mainly in the tropics.  
  Sugar beet is an annual crop that is propagated by the seeds of the flowers, cultivated in 

cooler climates than sugar cane  
 Both sugar beets and sugar cane have high water content, accounting for about 75 percent 

of the total weight of the plants. The sugar content of sugar cane ranges from 10 to 15 
percent of the total weight, while that of sugar beets is between 13 and 18 percent.  

 
SUGARCANE 

 
Botanical name: Saccharum officinarum  L. 
Family: Gramineae 
Origin : India 

 
 

Sugarcane is a tall perennial plant growing up to a height of 2-3 m. The plant is composed 
of 4 principal parts, the root system, the stalk, the leaves and the inflorescence. 
Classification of sugarcane 

Cultivated sugarcane is classified into the following species. 
1) Saccharum officinarum 
 These canes are juicy and thin having higher percentage of sucrose, resistant to smut, but 
susceptible to red rot and mosaic diseases. Cultivation is limited to tropical areas, having low 
percentage of fibre because of which they are more preferred for chewing purpose. 
2) Saccharum spontaneum 

It is a wide Asian species with very thin stalks and narrow leaves.  It is used for breeding 
purpose and containing very low sucrose, high fiber and having early maturity. 
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3) Saccharum barberi 
 Varieties belong to this type species are slender stemmed type that originated in 
Northeastern India. It is characterized by short and thin stalks, narrow leaves, low to medium 
sucrose (moderate), high fiber, very early maturity. 
4) Saccharum sinense 

This species of cultivated sugarcane is indigenous to northeastern India. This species is 
characterized by long and thin stalks, early maturity, broad leaves, and low to medium sucrose 
content. Internodes of this group are long and more or less zigzag and nodes are prominent and 
used for breeding purpose. 
5) Saccharum robustum 

This species originated in New Guinea. It has some thicker stalks, larger leaves, low 
sucrose and low fiber. 
Geographical distribution: 

The important sugarcane growing countries in the world are India, Cuba, China, Brazil, 
Mexico, Pakistan, Philippines, Japan, Spain, East Africa, Peru and Argentina. However, India, 
Cuba, Indonesia, USA, Taiwan and Philippines are the major one. Sugarcane is cultivated over 
an area of 11.46 million hectares with a total production of 754.13 million tonnes of cane. 

India ranks first in respect of sugarcane production in the world. It is a main source of 
sugar in India and holds prominent position as a cash crop. It occupies about 1.8 % of the total 
cropped area in the country. 

In India, area and production of sugarcane has been fluctuating from year to a year 
depending upon pricing policy and climatic conditions. It occupies about 3.5 million hectares 
area with a total production of sugarcane about 158 million tonnes. In India, the north India can 
belt containing Punjab, Haryana, Uttar Pradesh, Madhya Pradesh, and Bihar etc. gives about 64 
% of the total cane production and accounts for about 76 % of the total acreage under the crop. 
Uttar Pradesh has the largest area under sugarcane and accounts for about 57 % of the area of this 
crop in the whole country, which contributes 47 % of the annual production in terms of raw sugar 
but the production per hectare, is the highest in Tamil Nadu followed by Maharashtra and Andhra 
Pradesh. 
 The contribution of Gujarat is poor so as far as area is concerned and it is only about 3 % 
(1.65 lakh hectares) of total area having the annual production of about 11.84 lakh tonnes. The 
average production of sugarcane in Gujarat is 71.71 tonnes which somewhat higher than the 
national average. The sugarcane crop is taken more or less in each district but 90 to 95 % 
cultivation is concentrated in Surat, Valsad, Junagadh, Rajkot, Amelia and Bhavnagar districts.  
First co-operative factory was established in 1955 at Bardoli with initial crushing capacity of 800 
tonnes per day. At present, its crushing capacity is of 7000 tonnes per day, which is the highest in 
Asia. At present, 15 co-operative sugar factories are working in the state.   

In the Gujarat State, the area under sugarcane is increased five times more, while 
productivity is increased about seven times more during last 23 years. 
Economic importance: 

Sugarcane is the main source of sugar in India. Sugar juice is used for making white 
sugar, brown sugar (Khandsari) and Jaggery (Gur). Sugarcane is one of the main crops of 
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earning foreign exchange. The main byproducts of the sugarcane industry are bagasses and 
molasses.  

Bagasse is mainly used as a fuel. It is also used for the production of compressed 
fiberboard, paper, plastic etc.  

Molasses is used in distilleries for manufacture of ethyl alcohol, butyl alcohol, citric acid 
etc.  Rum is the best potable spirit made from molasses.  Molasses is also used as an additive to 
feeds for livestock.  Green tops of sugarcane are a good source of fodder for cattle.  

Press mud is used as manure in alkaline and saline soils.  A sugar industry in India is next 
in importance only to the textile industries and provides gainful employment to a large number of 
people. 
Soil requirements 

Sugarcane can be grown on all types of soil ranging from medium sandy to clay loam or 
heavy black soils. It can also be raised successfully on lighter soils and heavy clays. 

The soils should be well aerated and well drained. The water should not be remained 
standing for a longer period.  Sugarcane crop absorbs nitrogen in nitrate form. Soils rich in P and 
Ca are good for better juice quality. Soils rich in iron are good for sugar recovery. 

Sugarcane crop tolerate moderate acidity and alkalinity but prefers slight acidic soils, i.e. 
pH 6 to pH 7 is optimum. If the concentration of sodium salt and Mn is high, it has adverse effect 
on growth, yield and quality of sugarcane. 
Climatic requirements 

Sugarcane is a tropical plant. It grows well in that region where the climate is more or less 
tropical but it can grow in subtropical too as in north India. Under warm humid conditions, it can 
continue its growth unless terminated by flower. An average mean temperature of 28-37 ºC is 
best suited for its growth. Lower temperature reduces tillering.  
  Temperature above 50 ˚C arrest its growth, those below 20 ˚C slow it down. Under bright 

sunlight conditions the stems are thicker but shorter and leaves are broader and greener, while 
under low temperature, the stem are slender and long with narrower and yellowish leaves. Day 
length also determine flowering in cane. Thus, climate plays a very important role in yield of 
sugarcane. 
Varieties: 

Variety Year of release Yield (t/ ha) Sucrose % in 
juice 

Early  variety 

Co 775 - 81.38 17.80 

Co 6806 1981-82 73.07 18.16 

CoC 671 1984-85 120.40 18.40 

Co 8338 1990-91 113.46 18.79 

Co 87263 1997-98 112.17 19.04 

Co N 95132 2001-02 109.32 19.98 
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Co N 03131 2004-05 145.74 18.55 

Co N 05071 2007-08 146.67 18.30 

CoN 9072 (GNS-9) 2015-16 129.05 
 

Mid  late  variety 

Co 419 - 71.21 17.61 

Co 791 - 107.68 16.72 

Co 955 - 101.87 15.95 

Co 6304 1981-82 91.79 17.71 

CoA 7602 1982-83 100.69 19.50 

Co 7527 1986-87 146.00 17.40 

Co  62175 1986-87 100.00 16.00 

CoN 91132 1996-97 120.06 18.94 

CoLk 8001 1996-97 127.51 19.58 

CoN 85134 2000-01 122.85 17.72 

CoN 05072 2007-08 155.18 17.86 

CoN 05071 (GS 5)  2012-13 121.20 - 

CoN 07072 (GNS 8) 2012-13 - - 

For Gujarat    

Co 03131(Guj. 
Sugarcane 4) 2005 - - 

CoN 05071 
(Guj. Sugarcane 5) 2007 - - 

CoN 05072 
(Guj. Sugarcane 6) 2007 - - 

Guj. Sugarcane 7 2011 - - 

Guj. Sugarcane 8)  2013 - - 

CoN 09072 
(Guj. Sugarcane 9) 2016 - - 

 
Note: Early varieties mature in 10 to 12 months (maturity days 300 to 330), Mid-late varieties 
mature in 12 to 14 months (maturity days 360 to 400) and late varieties mature in 14 to 15 
months. 
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Cultural practices 
 (i) Land preparation:Sugarcane requires a very thorough, clean preparation of land and 

that is to be done by deep tillage. At least one or two, 20 to 25 cm deep ploughing 
should be carried out with the help of tractor drawn or bullock drawn mould board 
plough. Harrowing and planking is followed to make the field friable, leveled, 
smooth and clod free. 

(ii) Time of planting: 
1) Pre-seasonal planting (Sara planting), Seasonal planting (Spring planting) 

andAdsali planting 
This planting is done in the month of October - November and duration is of 15 

months.      
2) Seasonal planting (Spring planting) 
This planting is done in the month of January - February and duration is of 10-12 

months. 
3) Adsali planting 
  This planting is done in the month of June - July and duration is of 18 

months. Adsali planting is not followed in Gujarat but this method is common in 
Maharashtra state. 

In south Gujarat, planting is started from second fortnight of November and 
continue up to end of February.  In Saurashtra region, December - January is 
optimum period for planting 

Selection of planting material 
The key points for selection of good quality sugarcane setts are as under. 
1) Portion of the cane 
Healthy seed material, free from pest and diseases and having high viability is 

essential. The top half or one third portion of sugarcane is considered better than 
the middle or bottom canes which is selected for planting. The reasons for that 
are given below. 

  It is rich in glucose and water, which help in quick and uniform 
germination. The glucose content of buds decreases towards the base of the stem, 
while the content of minerals in the apex increases. 

  The buds are fresh in upper portion as compared to lower portion of cane 
and younger buds are capable of quick germination. Lower portion of the cane 
contains more sucrose, if the sucrose content is more, it take more time for 
liberation of energy and hence buds takes more time for germination, while 
glucose gives more energy within short time so buds takes less time for 
germination. 

2)  Seed should be selected from disease free crop. 
3)  Seed should be selected from 8 to 10 months well-managed crop. 
4)  Do not use the sugarcane plant on which the eye buds and roots are emerged. 
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(iii) Method of planting: 
      Sugarcane planting is done by two methods. 

1) Dry method: The sugarcane setts are placed in furrow in dry soil and setts are 
covered with 4-5 cm of soil and then irrigation is given. 

2) Wet method: In this method, the pre-planting irrigation is given and then the 
sugarcane setts are placed in furrows and inserted into soil by pressing them 
under foot. Wet planting method is found more convenient in our state. 

Planting techniques 
     1) End to end technique 
   Three budded setts are put in furrow in such a way that end of the other 

sett touch to the end of the former setts.  
2) Over lapping technique 

  Three budded setts are put in furrow in such a way that eye of the one sett 
touch to the eye of another set. This technique requires more seed rate. 

3) Slant Technique 
  Three budded setts are planted slanting with one bud in the soil and two 

buds above the ground. When the above the ground buds sprout up into shoots of 
20-25 cm length the setts are horizontally pressed down inside and the leaves of 
the shoots covered with soil.  

4) Transplanting technique 
  Seedbed of 8.0 m x 1.5 m is generally prepared to raise the seedling. Setts 

of nearly 25 quintals of healthy cane are sufficient for planting of one hectare of 
land. Enough quantity of organic manure should be properly applied in the 
seedbed. Two budded setts dipped in agallol solution before planting in to the 
field. The germination of bud is complete within a fortnight and seedling become 
ready for transplanting after one week of germination. The spouted setts are 
taken out from seedbed and are cut into pieces making one budded setts. The 
spouted setts are thus planted in the field. This method is adopted when there is a 
shortage of planting materials.Sometimes, one - budded setts are used in nursery 
for raising the seeding. 

  The new techniques are developed for raising the seeding in small plastic 
or leaf bowl by putting eye bud only. The eye bud is separated by special 
instrument (eye separator) from setts. These separated eye buds are used for 
raising seedling 

(iv) Spacing: In fertile soils, distance between two rows is 100 to 120 cm, while in light 
soils; distance between two rows is 90 cm.However, it is advisable to go for 120 cm 
spacing where intercultivation and earthing up operation are done by tractor drawn 
implements.If drip irrigation system is available, the cane crop should be planted in 
paired row system. 

In Saurashtra, variety C0671 should be planted in paired row system by 
keeping the distance between row of 25 cm and between pair 75 cm. 
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In middle Gujarat, sugarcane Cv. Co 91132 should be planted at 45-90-45 cm 
in paired rows and intercropped with cabbage for getting higher cane yield (133.58 
t/ha) and net realization  of Rs.1,11,531/ha for more profitable sugarcane 
cultivation (CBR 1:4.48). 

(v) Seed rate: Normally 30000 to 35000 three eye budded setts or 50000 two eye budded 
setts are required for planting of one hectare area (5 to 6 tonnes according to the 
varieties). 

(vi) Seed treatment: If sugarcane setts are infested by mealy bugs and scale insects, setts 
are dipped in the solution of 0.1 % melathion for five minutes before use. After 
giving the above treatment, the sets are dipped for 2 to 3 minutes in a solution of 6 % 
mercurial fungicide like agallol or cerasan @ 500 gm in 100 liter water. This 
treatment helps to prevent set borne diseases like smut and to improve germination. 

    Hot water treatment:  The sets are kept in hot water at 500 C temperature for two 
hours to control red-rot, grassy shoots and other virus diseases. Just before planting 
sets are dipped in Azotobacter inoculants solution which is prepared by mixing 5 kg 
Azotobacter inoculants in 100 liter water for 2 to 3 minutes. This treatment helps in 
good germination and save nitrogenous fertilizers.     

    Lime water treatment: Sets are soaked in lime water solution prepared by dissolving 
500 g lime in 200 liter water for 24 hrs to improve germination. This treatment 
ensures better germination and also kills eggs of insects.  

    Hormones treatment: To obtain good germination   and vigorous seedlings treat the 
setts with 10-ppm solution of Naphthalene Acetic Acid (NAA) or Indole Acetic Acid 
(IAA) or Gibberellic Acid (GA). 

(vii) Manures and fertilizers:Apply well decomposed FYM @ 25 to 50 CL/ha in two 
equal splits, first half quantity at the time of preliminary tillage and second half 
quantity in furrow at the time of planting. 

  In south Gujarat areas where application of FYM is not possible, castor cake @ 
625 kg/ha or pressmud @ 11 tonnes/ha should be applied. 

N kg/ha P2O5 kg/ha K2O kg/ha Remarks 
37.5 100-125 100-125 At planting in furrows 
75.0 0 0 One and half months after 

planting 
50.0 0 0 Four months after planting 
87.5 0 0 5 to 6 months after planting 

before earthing up 
250 100-125 100-125  

 
  In middle Gujarat conditions, to get higher yield and net profit, the crop should be 

fertilized with 250-125-125 kg NPK/ha and the setts should be treated with 
Azotobacter @ 2 kg/ha. 

          In middle Gujarat, sugarcane (Co-6304) should be fertilized with 150 kg N + 125 
kg P2O5 + 125 kg K2O/ha and sugarcane setts for planting should be used after the 
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treatment of Acetobacter diazotrophicus ACG-2 (containing 108 CFU/g carrier) @ 4 
kg/ha to save 100 kg N/ha for higher cane yield (14%) and net return.  

In Saurashtra region, Sardar super culture @ 2 kg/ha should be applied in soil 
before planting and the crop should be fertilized with recommended dose of fertilizers 
(250-125-125 kg NPK/ha).  To save the 25 % N, 187.5-125-125 kg NPK/ha should 
be applied along with Sardar super culture. 

  In south Gujarat zone, application of vermicompost  @ 5 t/ha for planted crop and 
2.5 t/ha for ratoon crop either alone or in combination with 75 or 50 % recommended 
dose of N, P and K was not found advantageous. 

(viii) Irrigations:  In south Gujarat area where soils are heavy clay, where canal irrigation 
is available, 20 irrigations of 60 mm water depth or 16 irrigations of 80 mm depth are 
needed and irrigations should be applied in furrows. If irrigations of 100 mm water 
depth are given, number of irrigation is reducing to 13.  

The crop requires 1800 mm water during its life span. If irrigations are given in 
alternate furrows, it cane save 43 % irrigation water.  

There are four critical growth stages in sugarcane crop for water requirement. 
They are as under. 

1. Emergence stage (up to 60 days after planting) 
2. Tillering stage (60 to 130 days) 
3. Maximum growth (130 to 250 days) 
4. Maturing period (250 to 360 days).  

  Out of which, second and third are the most critical growth stages. If moisture 
stress occurs during these stages, yield may reduce to a greater extent. During 
ripening phase, soil moisture content should be allowed to decrease gradually so that 
growth of the cane is checked and sucrose content increase. For this, irrigation should 
be stopped 15 days before harvesting. 

(ix) Interculturing and weeding :The first hoeing and weeding should be done 3-4 
weeks after planting.After germination, depending on the field conditions and the 
frequency of irrigations,2 or 3 more hoeings and weedings may be required during 
first 3 months after planting. 

The most critical period for the weed competition in sugarcane is up to 4 months 
after sowing beyond which the crop smothers the weed flora by itself.  

  Chemical weed control offers a good substitute of mechanical measures. Several 
herbicides have been tested for weed control in sugarcane. 
1)Atrazine @ 1.5-2.0 a.i./ha as pre-emergence (3-8 DAP) 
2)Diuron @ 2.0 kg a.i./ha as pre-emergence (3-8 DAP) 
3) Metribuzine or 2-4-D sodium salt  @ 2.0 kg a.i./ha and 1.5 kg a.i./ha in 600 litres 
of water should be sprayed uniformly on the soil surface before emergence of eye 
buds i.e.10 to 15 days after planting. In addition to this, hand weeding should be done 
to remove weeds within the lines of cane as and when required. 

       For south Gujarat : 
Weeding at 30, 60 & 90 days after planting  or Apply weedicide  
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i) Atrazine @ 2.0 kg/ha(PE) + 2,4-D @ 1 kg/ha at 60 DAP or 
ii) Metribuzin @ 1.0 kg/ha(PE)+ one Hand Weeding at 60 DAP or 
iii) Pendimethalin @ 1.0 kg/ha(PE)+ one Hand Weeding at 60 DAP or 
iv) Glyphosate 1 lit a.i./ha as blanket spray at 20 DAP + one Hand Weeding at 60 DAP  
Tying, wrapping and propping of sugarcane 
  These operations are done in sugarcane just to provide mechanical support to 

grown up cane plants to prevent lodging. By wrapping, the distribution of CO2 
becomes easy and proper to all the plants throughout the field. The green leaves on 
the plants are wrapped together by taking all canes of one bundle. After wrapping, the 
clumps in adjacent rows are tied together (crosswise).The operation of tying the 
leaves together using the bottom dry and green leaves is known as propping. When 
wrapping and tying is over in entire field these tied clumps are given further support 
to bamboo poles from outside (on 2 opposite sides) of their field. In areas where cane 
top growth is heavy and wind velocities are high, propping is necessary. Tying should 
be done in August when cane reaches about 2 m height. Green leaves should not be 
tied up together while tying up the crop. 

(x) Diseases: Red rot, wilt, whip smut, grassy shoots, mosaic 
(xi) Pests: Top shoot borer, stalk borer of sugarcane, pyrilla, scale insect, mealy bug, and 

white fly 
(xii) Harvesting: When sugarcane crop is matured, harvesting should be done in time.  If 

immature sugarcane is harvested or harvesting delayed after maturity, the sucrose 
content decreased to a certain extent. To judge the maturity of sugarcane crop, the 
following points should be considered. 

1. Entire field (crop) becomes yellow in appearance. 
2. Appearance of arrowing in arrow (tassel) emerging varieties. 
3. While knocking / tapering to sugarcane stalks, the metallic sound is produced. 
4. Swelling of eye buds. 
5. Easy breaking of sugarcane stalks from the nodes. 
6. Brix Saccharometer reading shows figure 19 or above which indicate sugarcane 

maturity and it is likely to be ready for harvest. 
 Irrigation should be stopped 15 days before harvesting just to increase the sucrose 

content. Sugarcane stalks should be cut to the ground level with "Koyta" and dried 
leaves are stripped off from top most mature internodes. 

Research Station: 
Main Sugarcane Research Station : Kodinar (Junagadh) 
Regional Research Station: Navsari, Thasra, Vyara. 
Coimbatore : Sugarcane Breeding Institute is located at Coimbatore.  
Lucknow:  Indian Institute of Sugarcane Research established in 1952. 

Yield :The average yield of sugarcane is 70 tonnes per hectare in Gujarat. About 70 to 85 tonnes 
in Maharashtra, Andhra Pradesh, Tamil Nadu and Karnataka.  

The yield of Adsali crop (18 months) in Southern India is usually 120 to 140 tonnes/ha.  
The ratoon crop also gives the yield about 60 q/ha. 
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Ratooning of sugarcane 
Ratooning of the cane is an age-old practice in all sugarcane growing countries. 

About 35 to 40 % of total sugarcane cultivated area each year covered under ratoon crop 
in India and Gujarat. Normally, one or two ratoon is permissible in most of the states. However, 
in certain states, only one ratoon is recommended. The second or more subsequent ratoon is not 
advised because of the risk of pest and diseases. 
 Following points/cares to be taken into consideration for obtaining maximum yields from 
ratoon crop. 
 Improved varieties for ratoon crop. All the recommended varieties except Co-C 671 are 

suitable for ratoon crop. 
 Selection of time for ratooning.  

1. When main crop is harvested during November to February should be selected for ratoon crop. 
2. But when main crop is harvested during April - May should not be selected for ratooning 

because of less time available for better growth and development and ultimately yields are 
reduced. So it is not advantageous to take ratoon crop from late harvested main sugarcane 
crop. 

Other cares 
1. Gap filling- After preliminary field operation, the gap filling should be done by transplanting 

of one or three budded seedlings raised well in advance in nursery before first irrigation or 
with rooted slips from excess tillers of the same field or by using new sugarcane setts. 

2. Top dressing - the ratoon crop required more nitrogen than main crop because sugarcane crop 
stands on the same field for about 22 to 24 months altogether. 

3. Earthing up should be done to avoid lodging which occurs due to wind and heavy rainfall. 
4. Main crop should be harvested as close to the ground level as possible. 
5. After harvesting of main crop, field should be cleaned by removing leaves and other small 

stalks pieces left on the field. 
Ratoon crop requires following fertilizers dose (kg/ha): 

N  P2O5  K2O  Remarks 
300 100-125 100-125  
75 100-125 100-125 Should be drilled on both the sides 

of rows 8-10 cm deep at the time of 
first irrigation but after preliminary 
field operations 

150 0 0 After two months 
75 0 0 When crop reached at an age of 4-5 

months 
1. Irrigation - In deep and more moisture retentive soils, the first irrigation should be given at 25 

to 30 days after harvesting of fresh crop/main crop/first crop.  While in light types of soils, the 
first irrigation should be given 15 to 20 days after harvesting of main crop. 

2. In South Gujarat area, if ratoon crop is taken for the first time requires 14 irrigations. 



 

42 
 

3. While in middle Gujarat and Saurashtra region, normally irrigations are given more frequent 
10 to 15 days interval according to the structure and depth of the soils. 

4. Two to three interculturing and two to three hand weeding are required for effective control of 
weeds. Light earthing up should be carried out 2 to 3 months (i.e. after second top dressing) 
and heavy earthing up is done with the help of ridger at the time of last top dressing. 

Advantages of ratoon crop: 
1. No need of land preparation and layout which reduce the cost of production. 
2. Due to saving of time behind land preparation, ratoon crop get sufficient time for better growth 

and development. 
3. It saves the cost of planting and seed materials. 
4. The ratoon crop matures about one month earlier than fresh crop. 
5. The recovery of sugar and Gur is obtained more, which reduced the cost of sugar production 

and increase income. 
6. One or two ratooning reduces about 25 % cost of cultivation. 
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SUGARBEET  
 
Botanical name:Beta vulgaris L. 
Family: Chanopodiaceae 
Origin :Western Asia 

 

Geographical distribution 

 In the world, European countries like France, Germany and USA, having temperate 
region are growing sugar beet. In India, states like Punjab, Haryana, Uttar Pradesh and Bihar 
have possibilities of cultivating sugar beet. 
Economic importance 

Sugar beet is an important sugar crops grown in rabi season. It is a good source of sugar. 
It contains 15 to 18 per cent sugar, whereas, sugarcane contains 10 to 12 per cent sugar. Sugar 
beet contributes about 40-45 per cent of the total sugar production of the world. 
Uses : 

1. Manufacturing of sugar. 
2. Top portion is used for cattle feed. In western countries, tops are turned into silage or 

dehydrated for feeding to cattle later. 
3. Tops are rich in nitrogen, so make good green manure, if ploughed in to soil. 
4. Sugar beet pulp obtained after extraction used as cattle feed. It is fed in various forms viz; 

fresh, processed, dried or as silage. 
5. Sugar beet molasses also used as cattle feed either alone or in mixture with other feeds. 

Soil requirements 
It  performs best on well drained, slightly alkaline, sandy loam, loam and black soils 

having pH value about 8.3. Heavy clay soils having poor drainage capacity are not suitable. 
Climatic requirements 
  It  requires cool climate. Temperature ranging from 18 to 220C is most suitable. Sugar 
beet can be grown best where winter season is mild and extends up to March-April. 
Varieties: Erotype E, US 35, US 75, Ramonskaya 60, Maribo Auglo Poly, Maribo Resists Poly,    

Maribo Magna Poly, KWS-Cerco Poly, KWS Poly Bata, Meribo Contintenta Poly. 
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Cultural practices 
(i) Land preparation: 
  It requires a good, firm and well leveled seedbed. One or two ploughing should be 

done followed by harrowing and planking. Stubbles of preceding crop should be 
removed from the field. 

(ii) Time of sowing:: Sowing can be done on ridge. Seeds are dibbled by hand on ridges 
about 2-4 cm deep and at 20 cm distance between two plants. 

(iii) Method of sowing:: Sowing can be done on ridge. Seeds are dibbled by hand on ridges 
about 2-4 cm deep and at 20 cm distance between two plants. 

         Singling and thinning : 
  The multigerm seeds of sugarbeet give rise to cluster of seedlings, and hence it is 

necessary to remove all but one single robust seedling per seed pocket. Thinning 
should be done when plant reaches 4 leaf stage by keeping only one healthy plant at 20 
cm spacing within row. 

(iv) Spacing: Ridge to Ridge : 45 cm ; Plant to Plant : 20 cm. 
(v) Seed rate:3 kg/ha by dibbling method and 10 kg/ha by furrow sowing. 
(vi) Seed treatment: Sugar beet seeds have hard seed coat. So, it should be soaked in water 

for 10 to 12 hours before sowing for easy germination. 
(vii) Manures and fertilizers: Well decomposed FYM or compost @ 8-10 t/ha should be 

applied and incorporated in the soil at the time of land preparation. 

N(kg/ha) P2O5(kg/ha) K2O(kg/ha) Remarks 

100 

50 

50 

200 

100 

- 

- 

100 

100 

- 

- 

100 

Basal 

After thinning 

Before end of January 

Total 

(viii) Irrigation:It requires 8-10 irrigations depending upon the type of soil and climate. It 
gives better response to lighter and frequent irrigations than heavier and less number of 
irrigations. 

(ix) Interculturing and weeding : 
Seedbed has poor tolerance to weed competition and hence crop should be kept 

weed free at least for first the first 2 months of its growth. The earthing up of the crop 
should be completed by December after the last top dressing of nitrogen. 

(x) Diseases: Yellow virus, root rot, heart rot, leaf spot, crowers gall, charcoal rot 
(xi) Pests: Cut worm, hairy cater pillar 

(xii) Harvesting: Root development progresses steadily. Sugar content is about 12-14 % by 
middle of March. It increases to 15 to 18 % by middle of April. Rate of increase in 
sucrose is slow but remaining at high level up to middle of May. By middle of April, 
many of the lower leaves of the crop dried up. This is a fair sign of the ripening of the 
crop. Crop can be harvested from middle of March to end of May. 
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  There should be sufficient moisture in the field to facilitate the operation of 
uprooting crop plants. A country plow run close to the row, lift the roots and made free 
of soils by shaking. Roots should be topped at the base of the lowest leaf. 

Intercropping :Sugarbeet can be grown as an intercrop with October-November planted 
crop of sugarcane. At Lucknow, it is found that the total out turn of raw material was the 
highest where the two crops were intercropped. Data given below shows significance of 
inter crop. 
Sugarcane alone: 61.1 tonnes/ ha 

Sugarcane + Sugarbeet: 93. 2 tonnes/ ha (38.4 t/ha of sugarbeet and 54.8 t/ha of 
sugarcane). 

Research Station: IISR, Lucknow 
Yield :Average yield ranges between 50 to 60 tonnes of fresh roots/ha. 
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Medicinal and Aromatic Crops 
 

 India is endowed with a rich wealth of medicinal plants. These plants have made a good      
contribution to the development of ancient Indian medicine.  

 One of the earliest treatises on Indian medicine the Charak Samhita (1000 B.C), records  
the use of over 340 drugs of vegetable origin.  

 Medicinal and aromatic plants are important for human health. These plants have been 
used from the prehistoric times to present day. These plants based medicines are 
consumed in all civilizations.  

 It is believed that the herbal medicine can give good effect to body without causing side 
effects to  

 human‘s life. Besides, the usage of medical plants has been increasing as an important 
role that can support the economic system.  

 The medical and aromatic plants for health are used as herbal treatments and therapies 
that can be new habits for culture.  

 With the high consumption of medical plants, it is possible that the over exploitation of 
such plants could be happen. 

Some of the medicinal plants can be cultivated well in a research centre, 
agricultural  site or even in a house. But for the wild medical plants, it needs to be more 
concerned to avoid the over cropped and keep the sustainability of the medical and 
aromatic plants. 

 
Mint  

Botanical name: Mentha arvensis, Menth acitrita,Mentha longifolia 
Family: Lamiaceae 
Origin : Europe and Asia 

 

 
The plants belonging to the genus Mentha are aromatic herbs. Several species grow wild; 

some are cultivated. The chief constituents for which these plants are valued are Menthol and 
Peppermint oil. 
Geographical distribution 

Mint is believed to have originated in the Mediterranean basin and, from there, spread to 
the rest of the world by both natural and artificial means. Among the mints, Japanese mint is 
cultivated on a large scale in Brazil, Paraguay, China, Argentina, Japan, Thailand, Angola and 
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India. Peppermint is grown in the USA, Morocco, Argentina, Australia, France, USSR, Bulgaria, 
Czechoslovakia, Hungary, Italy, Switzerland and on a small scale in many Europe countries. 
USA is the major producer of peppermint and spearmint. The total area under mint cultivation, 
which is mostly confined to Uttar Pradesh and the Punjab is around 10,000 ha. 

Mentha arvensis (English - Field Mint, Corn Mint; Indian name – Podina) is an erect 
branched herb up to about 60 cm high. Leaves up to 5 cm long; leafstalk small or none, margins 
toothed. Flowers small, lilac, in small bunches, borne on axils of leaves. This herb occurs in 
Kashmir at an altitude of about 1,500-3,000 m; it is also cultivated. Infusion of its leaves is used 
in rheumatic pains and indigestion. 

A Japanese variety of this plant (named M. arvensis) has been cultivated in Jammu and 
Kashmir. This yields oil; its trade name is Japanese Mint Oil or Japanese Peppermint Oil. It is 
used as a substitute for true Peppermint Oil (obtained from M. Piperita). 

Mentha longifolia (English – Horsemint, Hindi – Jangli Podina, Punjabi – Koshu) is a 
larger herb and occurs in Kashmir and northern parts of Punjab and Uttar Pradesh. This plant is 
considered antiseptic, stimulant, and useful in digestive complaints and fever. 
Economic importance 

The dried leaves and flowering tops of the plant constitute the drug Peppermint. The drug 
is used in treatment of flatulence, vomiting, diarrhea and nausea. Bruised leaves are applied in 
headache and other pains. 
The main use of this drug is for extraction of Peppermint Oil (which contains Menthol) and is 
largely used in medicine for stomach disorders, in ointments for headaches, rheumatic and other 
pains and in cough drops, inhalations, mouth washes, etc. The oil is also antiseptic. 
Spent Grass: 

The material left after distillation of oil is called spent grass. It can be used for mulching 
or as manure in Citronella fields. It can also be used for making paper and paper boards. 
Chemical Composition and Uses: 
(i) Japanese mint (M. arvensis) 

Japanese mint is a primary source of menthol. The fresh leaves contain .4-6.0% oil. The 
main constituents of the oil are menthol (65-75%), menthone (7-10%) and menthyl acetate (12-
15%) and terpenes (pipene, limonene and comphene).  
(ii) Peppermint (M. piperita) 

Peppermint is a hybrid mint, a cross between watermint and spearmint. The fresh herb 
contains essential oils ranging from 0.4 to 0.6%. The constituents of peppermint oil are almost 
similar to Japanese mint oil. However, the menthol content is lower in peppermint oil and varies 
between 35-50%. The other constituents are menthyl acetate (14-15%), menthone (9-25%) 
menthoufuran and terpenes like pinene and limonene. 
(iii) Bergamot mint (M.citrate) 

Linalool and linalyl acetate are the main constituents of Bergamot mint oil. The oil is used 
directly in perfumes. Cosmetic preparations like scents, soaps, after-shave lotions and colognes 
also contain this oil. 
(iv) Spearmint (M. spicata)  

http://grass.lt/
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The principal constituent of spearmint oil is carvone (57.71%) and the other minor 
constituents are phellandrene, limonene, L-pinene and cinelole. The oil is used mostly as a 
flavouring in toothpastes and as food flavouring in pickles and spices, chewing gum and 
confectionery, soaps and sauces. 
Important constituents of oil: 
Citronellal                               : 30 - 35% 
Geraniol                                  : 12 - 18%  
Geranyl acetate                       : 3 - 8% 
Soil requirements 

Deep soils, loam to sandy loam well drained, well aerated and loose textured soil. Clay 
soils are not suitable. Well drained loamy soil high in organic matter content with pH 6.5 to 7.0 is 
suitable. Medium to fertile deep soil, rich in humus is ideal for the cultivation of mint. The soil 
should have a good water-holding capacity but water-logging should be avoided.  
Climatic requirements 

Sub-tropical areas receiving an annual rainfall of 100 - 150 cm are good. Temperate 
climatic condition, Tropical climate is not suitable, plentiful rainfall during growth and good 
sunshine during harvest is best suitable during crop growth. Japanese mint can be grown in all 
tropical and subtropical areas under irrigation. However, it does not tolerate damp winters which 
cause root-rot. A temperature of 20-25⁰ C promotes vegetative growth, but the essential oil and 
menthol are reported to increase at a higher temperature of 30⁰ C under Indian conditions. 
Peppermint and spearmint cannot be grown profitably in tropical and sun tropical areas, 
especially those areas with very high summer temperatures (41⁰ C) and the ideal yield is 
obtained only in humid and temperate conditions like in Kashmir and the hills of Uttar Pradesh 
and Himachal Pradesh. Open, sunny situations without excessive rains during the growing period 
are congenial for the good growth and development of the oil. Bergamot mint can be grown both 
in temperate as well as subtropical area. However, the yield is higher in temperate climates. 

In low temperature areas, the plants become dormant in November. In order to give a 
perennial crop (of 3 years only) in peppermint, recultivation is done either in autumn (November-
December) or in spring (March-April). When peppermint is grown as a perennial crop, the first 
year crop is called ‘Row mint’, while the second and third year crop is called ‘Meadow mint’. 

This practice is not followed in other mints which are to be planted every year. 
Varieties: 
A) Japanese mint 

Himalaya: It is a selection released by the CIMAP Lucknow which contains 0.8 to 
1.0% oil (FWB) with 81% menthol content and a low congealing point.  

Kalka : It is a tall, vigorous variety evolved by the CIMAP Lucknow. 
Shivalik: It was introduced from China and released by the CIMAP, Lucknow.  
EC 41911: This is a progeny selection of an interspecific cross between M. arvensis & 
M. piperita. 

B) Peppermint 
Kukrail: This is a high yielding variety developed and released by the CIMAP Lucknow. 

C) Spearmint 
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MSS 1: This is a selection from the spearmint cultivars introduced from USA. This  
variety was released by the CIMAP, Lucknow.  

MESS 5: It is a selection from MSS 1 made at the CIMAP, Lucknow.  
Punjab Spearmint 1: This variety is a clonal selection made at the CIMAP, Lucknow . 
Arka and Neera are the recently released varieties from CIMAP, Lucknow. 

Cultural practices 
      (i) Land preparation: Mints require thoroughly ploughed, harrowed, fine soil. All the 

stubble of weeds should be removed before the crop is planted. Manuring may be done 
at the time of land preparation by adding FYM @ 25 to 30 t/ha. Green manuring may 
also be done before the mint is planted. Sun-hemp (Crotalaria juncea L.) is an ideal 
green manure crop. Mints are planted on flat land or ridges. Hence, flat beds of 
convenient sizes or ridges are made according to the spacing recommended. Bring the 
soil to fine tilth by ploughing and 2 cross harrowings.   

    (ii) Time of sowing: Jan, Feb in Tarai areas or before the start of rainy season.In the plains, 
planting is done during the winter months, whereas in temperate climates, planting is 
done in autumn or spring from the last week of December to the first week of March or 
from the first week of January to the third week of February. Late planting always gives 
poor yields.     

   (iii) Method of sowing: It can be propagated through root suckers and terminal cuttings.     
Terminal cuttings are highly capable for rooting. The root suckers from the previous 
crop can be used for propagation. 

  (iv) Spacing: Rooted stem cuttings should be spaced 30 cm apart in rows 60 cm apart. during 
June - July. 

     (v) Seed rate: Approximately 400 kg suckers/stolonsare required to plant one ha area. Suckers 
should be set in furrows. Plant the suckers end to end. Plants  
Propagation 

Mints are propagated through the creeping stolons or suckers. In the case of 
peppermint and bergamot mint, even runners are planted. Stolen are obtained from the 
previous year’s planting. A hectare of well-established mint, on an average, provides 
enough planting material for ten hectares. The best time for obtaining stolons is during the 
months of December and Januaryp planting.  

The stolons are cut into small pieces (7-10 cm) and planted in shallow furrows 
about 7-10 cm deep with a row-to-row distance of 45-60 cm, manually or mechanically. 
While planting on ridges, the stolons are planted half-way down on the inner sides of the 
ridges. The plot is irrigated immediately after planting.  

   (vi) Manures and fertilizers: Apply NPK 50:75:50 kg/ha as basal. At four months after 
planting, N 25 kg/ha is applied. FYM 10 t per hectare while preparing the land. Mint 
responds very well to a heavy application of nitrogenous fertilizers. The increase in herbage 
by the application of phosphorus is not as remarkable as in case of nitrogen. Generally, 
nitrogenous fertilizers @ 80-120 kg P and K at 50 kg P2O5 and 40 kg K2O/ha is required for 
a good crop of mint. However, in M. arvensia an increase of up to 160 kg N/ha and, in M. 
piperate, 125 kg N/ha has given increased fresh herbage and essential oil-yield. An amount 
of 100-120 kg N/ha is recommended for producing the optimum herb and oil-yield in M. 
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citrata under Pantnagar conditions. A split application of 75 kg N/ha in combination with P 
at 60 kg P2O5/ ha is recommended under Kodaikanal conditions. Potassium application has 
no significant effect on herb and oil-yield. In M. spicata, the maximum herb-yield is 
obtained with the application of 100-120 kg N/ha. Nitrogen may be applied in three split 
doses at 1, ½-2 and 3 months after planting and the third dose after the first harvest of the 
crop. Boron deficiency reduces both the yield of green herb and the essential oil in 
peppermint. Increased yields of herb, menthol content and essential oil content in 
peppermint have been obtained by using a combination of boron and zinc fertilizers. 
Similarly, experiments conducted at the CIMAP, Lucknow, have shown that the application 
of 20 kg/ha of Sulphur had increased the herb and oil-yield in M. spicata.  Among the 
different sources of S, calcium sulphate was best followed by ammonium sulphate and 
elemental sulphur. 

(vii) Irrigation: Irrigation is given twice in a week. Mentha crop requires considerable moisture 
well distributed throughout the entire growing season. As roots do not penetrate deep in the 
soil, light and frequent irrigations are recommended. During summer irrigate the crop 
weekly. 

(viii) Interculturing and weeding : 
Uninterrupted weed growth causes about 60% reduction in herb and oil-yields. 

Hence, mints require weeding and hoeing at regular intervals in the early stages of crop 
growth. One hand-weeding is required after the first harvest. Combining organic mulch 
with a combination of 0.5 kg/ha of Oxyfluorfen herbicide and weeding or application of 
Pendimethalin herbicide @ 1 kg/ha and weeding are found to give excellent weed control 
throughout the crop growth. 

(ix) Diseases: Verticillium wilt, mint rust, mint anthracnose 
(x) Pests: Spider mites, flea beetles, root borers, cutworms and root weevils 
(xi) Harvesting: First cutting starts in about 5 months after planting and subsequently at 3 

months interval. Under good management conditions, the crop will give economic yield for 
about four years. 

Japanese mint is generally harvested after 100-120 days of planting, when the 
lower leaves start turning yellow. If the harvesting is delayed the leaves start falling, 
resulting in loss of oil. Further, harvesting should be done in bright sunny weather. 
Harvesting consists of cutting the green herb by means of a sickle 2-3 cm above the 
ground. A second harvest is obtained about 80 days after the first harvest and the third 
one after about 80 days from the second harvest. Whereas, in peppermint, spearmint and 
bergamot mints which are grown in temperate climates, the first crop is ready by the end 
of June and the second in September or October. 

Packing of oil: Citronella oil must be packed in air tight containers of glass, tin or aluminum.  
Distillation of oil : 

Mint oil is obtained by distilling either the fresh or the dry herb. The distillation is done 
both in primitive and modern stills; in the former the principle of water and steam distillation is 
followed. While in the later steam generated in a separate boiler is employed. The stems are 
removed from the dried material prior to distillation, because they constitute 30 to 50% of the 
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material and contain only traces of the oil. The average yield of oil is 50-70 kg/ha. Although 
bergamot mint as well as Japanse mint give an average yield of 70-100 kg/ha, the yield of 
peppermint oil is lower  
with an average of 50 kg/ha. 
Storage of oil : 

Containers are stored in a cool place away from light. Oil changes its colour from yellow 
to green if exposed to light. Mint oil is a light and golden-coloured, motile liquid and it should be 
completely free from moisture before storage. It is stored in large steel, galvanized steel or 
aluminium containers, filled up to the brim to protect against any air remaining inside and placed 
in a cool storage godown, away from light and humidity. 
Research station:: National: CIMAP, Lucknow, State: Anand 
Yield  

Approximately 150 kg of oil per hectare during the first year and subsequently 200 - 250 
kg per hectare can be obtained under good management. An average of about 24 - 30 t of herbage 
can be obtained from a hectare. 

A good crop of Japanese mint can give as high a yield as 48 t/ha of fresh herb. However, 
the average yield of mints from three cuttings is 20-25 t/ha. The fresh herb contains 0.4% oil. 
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Lemon Grass (Malabar or Cochin grass) 

Botanical name:Three types of lemon grasses viz. East Indian lemongrass (Cymbopogon 
flexuosus), West Indian lemon grass (C. citrates), and Jammu lemongrass (C. pendulus) are in 
cultivation in our country as the important sources of citrates. In North India, Jammu lemon grass 
(C. pendulus) is cultivated under irrigated condition as a source of citral. 
Family: Poaceae 
Origin :South Asia 

 

 

Geographical distribution 
C. flexuosus is grown commercially in Kerala and nearby adjacent state, its oil is 

popularly known as "Cochin oil" as it is shipped mainly through Cochin port. India is annually 
producing nearly 1000 MT per year while the world demand is much more. Annually, we are 
exporting lemon grass oil in a tube of about Rs.5 crores. Our country is facing a critical 
competition from Gautemala in the International market. 
Economic importance 

The oil is distilled from leaves and flowering tops of lemon grass. The oil has strong lemon 
like odour, due to high percentage (over 75 %) of citral in the oil.  

1. The chief constituent of the oil is the citral. It is the starting material for the preparation of 
important ionone viz. A - Ionone, used in flavors, cosmetics and perfume and P - Ionone- used 
in the manufacture of synthetic vitamin A.  

2. The characteristic smell of oil makes its use in scenting soaps, detergents, insect repellents. 
3. The major use of oil as a source of citral which goes in perfumery, cosmetics, beverages. 
4. Oil has bactericidal, insect repellent and medicinal uses. 
5. The spent grass is a source of good cattle feed and can be converted into good silage. 
6. Spent grasses are also useful for the manufacture of card boards and papers or as fuel. 
7. Distillation waste of this crop is applied as organic mulch @3 t/ha and this is found effective in 

controlling weeds in the crop. 
Soil requirements 

Regarding the soil, it can be grown from poor soils, in the hill slopes. Soil pH ranging 
from 4.5 to 7.5 is ideal. As it has good soil binding nature, they can be grown as vegetative cover 
over naked, eroded slopes. Lemongrass is widely adapted to a range of soils and performs well 
on sandy to clay loam soils with a pH range of 5.0 to 8.4 and good drainage. The lower the 
altitude and more alkaline the soil has, the higher is the citral content of the oil. The variety with 
high citrates is in demand. Drier and loamier soil yields a higher citral content. Lemongrass can 
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be an option for consideration in poor soils, alkaline soils, steep slopes, and degraded forests and 
rehabilitation of non-forest mining and industrial wastelands. 
Climatic requirements 
  The plants are hardy and grow under a variety of conditions. The most ideal conditions 
are a warm and humid climate with, plenty of sunshine and rainfall of 250-280 cm per annum, 
uniformly distributed. Lemongrass prefers tropical or subtropical climates. It grows well at a 
temperature range of 10 to 33 °c, and it needs enough sunshine for the development of oil in the 
plant. The grass is sensitive to cold weather and cannot withstand frost. 
Varieties 

The Medicinal and Aromatic Plants Research Station, Odakkali (Kerala) and CIMAP, 
Lucknow have developed improved strains viz. OD 19 and SD 68 respectively as a result of 
breeding. The important features of these varieties are given below: 

Name Yield of 
herbage 

(t/ha/year) 

Oil yield 
(kg/ha/year) 

Oil recovery per 
cent on dry 

weight 

Citral content 
(%) 

OD 19 (Sugandhi) 50-55 80-85 1.2 to 1.5 80-85 
SD 68 50-55 80-85 1.2 to 1.5 80-85 

These two improved varieties are now recommended for wide cultivation. Recently the 
RRI, Jammu has developed hybrid strain CKP 25 by crossing C. khasianus and C. pendulus 
which is capable of yielding 50 % and 140 % more oil yield than RRL-16 and OD 19 
respectively. 

Other varieties: Pragati, Praman, Jama Rosa, RRL 16 , CKP 25, OD 408 and Kaveri 
Cultural practices 
     (i) Land preparation:  

Nursery: The soil should be well pulverized for forming the seed bed and it should 
be a raised bed one. Leaf mould and farm yard manure are also added to the soil while 
forming the bed. 15-20 kg of seeds are required for raising seedlings for one hectare. Seeds 
are sown in lines drawn at 10 cm interval on the beds and -covered with cut grass materials 
when the seedlings are about 2 months old or, about 12 to 15 cm high, they are ready for 
transplanting.  
          Field preparations:  The land is cleared of the underground vegetations and pits of 5 
cm cube are made at a spacing of 15 x 19 cm. Splits from old clumps can also be used for 
propagations. 

(ii) Time of sowing:  The favorable time for planting of this crop is the onset of rains, in sub-
tropical climates with assured irrigation. Planting can also be done in the month of Jan to 
March and June-July. 

 
(iii) Method of sowing:  

•  It can be propagated by seeds as well as vegetatively by slips. For better quality and 

yield of oil it is recommended to be grown only by slips obtained by dividing well 
grown up clumps  
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•  Planting is done in the last week of May or in the first week of June  
•  However, under irrigated conditions planting can be done during any part of  the year, 

except October-November months  
•  Before planting, the field is thoroughly prepared and laid out into 6 m x 6 m size beds. 

The soil is incorporated with full dose of phosphorus and potash  
• Ridges are opened at 60 cm distance. Slips are prepared by clipping all the old roots 

and removing the leaves completely for planting.  
•  They are then planted at about half way down the slopes of the ridges at a spacing of 

60 cm x 60 cm. 
(iv)  Spacing: A spacing of 50 x 50 cm is adopted. 
(v) Seed rate: 2.5 kg/ha (For seedling preparation), about 55000 slips/ha 
(vi)  Manures and fertilizers: Nitrogen  is  applied  in  six  equal  split  doses,  the  first  

dose,  being  at  the  time  of planting, another after one month and the remaining after 
every harvest. The Aromatic Plants Research Station, Odakkali (Kerala) recommended 
100 kg of N/ha.  Under North East conditions, application of 60 kg N, 50 kg P and 35 kg 
K is recommended per hectare. 

(vii) Irrigation :The crop responds to irrigation especially during hot summer months. In 
northern India, 4-6 irrigations are given during summer months. After the establishment 
of plants, irrigation schedule is adjusted depending on water holding capacity of the soil 
and weather conditions. 

(viii) Interculturing and weeding :The field is kept weed free for the first 3-4 months after 
planting. Similarly weeding cum hoeing is done up to one month, after every harvest. 
Generally 2-3 weedings are necessary during a year. Among herbicides, Diuron @1.5 kg 
/ha and Oxyfluorfan @0.5 kg/ha are effective. 

(ix) Diseases: Red leaf spot, Leaf blight, Little leaf or grassy shoot 
(x)  Pests: Stem boring caterpillar, Nematodes 
(xi) Harvesting: Lemon grass comes to harvest 90 days after planting and subsequently it is 

harvested at 50-55 days interval.. The grass is cut 10 cm above the ground level and 5-6 
cuttings can be taken in a year subject to the climatic conditions. Depending upon the 
soil and climatic conditions, the crop can be retained in like field for 5 to 6 years.  

The grass is allowed to wilt for 24 hours before distillation as it reduces the moisture content 
by 30 %. The oil is obtained through steam distillation. 

Research Station: Central Institute of Medicinal and Aromatic Plants, Lucknow 
Yield : On an average 25 kg of oil can be obtained from first year per hectare plantation and 

about 80 to 100 kg of oil per year from 2nd to 6th year if well maintained. 
 
 
  



 

55 
 

ISABGOL 

Botanical Name :Plantago ovata Forsk 
Family: Plantaginaceae 
Origin :Specially southern Europe, North Africa, and West Pakistan. 
 

 
Geographical distribution 

lsabgol is an important medicinal plant. India is the largest producer and exporter of this 
crop in the world. At present lsabgul crop has acquired the place of "dollar-earner of North 
Gujarat". It comprises about 800 species of which 10-14 are natives of India. Amongst them, 3 
are important. They are Plantago ovata, P. indica and P. psyllium. It is mainly cultivated in 
Mehsana and Banaskantha districts of North Gujarat. To a limited extent this crop is also 
cultivated in the adjoining districts of Harayana and Rajasthan. 

In Gujarat, during 1915-16 the crop was cultivated in about 9100 hectares area with total 
annual production of about 10920 tonnes.   
Economic importance 

Husk (30 %) of the seed is the economic part, lali ,gola, oil(5 %). It has acquired the place 
of the ‘dollar earner’ crop of the Gujarat. 

1. It is used to cure in genitor-urinary tracts. 
2. The seeds and husks are used to cure in inflammation condition of the mucus 

membranes of gastro-intestinal tracts. 
3. In addition to medicinal uses, it is also used in dyeing,calicoprinting,in the ice-cream 

industry as astabilizer. 
4. It is also used in confectionery and cosmetic industries. 
5. The seed without the husk is used as cattle feed. 

Soil requirements  
The crop grown in marginal light, well-drained sandy-loam to loamy soils having pH 

between 7 and 8. To get more yields the soil should have NPK in enough amount. 
Climatic requirements  

It requires a cool climate and dry sunny weather during maturation, even a mild dew, 
cloudy weather or light or light showers cause seed shadding.  
Temperature 20-25oC is required for seed germination, whereas at time, maturing it requires 30-
35oC temperature. 
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Varieties: Gujarat lsabgul 1, Gujarat Isabgul 2, Gujarat Isabgul 3, Gujarat Isabgul 4,  
 Trombay selections (1-10) and EC -124 345 are the recognized varieties. 

Cultural practices 
(i) Land preparation: Field must be free of weeds, clods and should have fine tilth for good 

germination. The number of ploughing, harrowing and hoeing depends upon the soil 
conditions, previous crop and degree of weed infestation. The field should be divided into 
suitable plots of convenient size, depending on the texture of the soil, the slope of the field 
and the source and quantum of irrigation water. For light soil with even contour, plot size 
of 8.0 m x 3.0 m will be convenient. 

(ii) Time of sowing: The seeds are sown from mid-November to mid-December. The seeds 
are small and light. Hence, before sowing, the seed is mixed with sufficient quantity of 
fine sand or sieved farmyard manure. Early sowing crop may be affected by downy 
mildew whereas, late sowing crop may be damaged by unseasonal rain. 

The farmers of North Gujarat Agro-climatic Zone  are recommended to grow the 
isabgol crop on 2nd or  3rd  week of  November.   

(iii) Method of sowing: Broadcasting and drilling 
(iv) Spacing: 30 cm apart if sown in rows. 
(v) Seed rate: 4 kg/hectare 
(vi) Seed treatment: For controlling downeymildew,seeds should be treated with metalexil 35 

SD@ 4g/kg seed  
(vii) Manures and fertilizers: Isabgol makes a moderate demand for nutrients, usually 30 kg 

N and 15 kgP2O5/ha is given at planting and another 15 kg of N is applied with the third 
irrigation.  
Apart from these fertilizers, it is advisable to apply 8-10 tonnes FYM or compost. 

The farmers of North Gujarat Agro-climatic Zone  are recommended to apply 150 
% RDN (30 kg /ha) + 30 kg P2O5/ha as basal and remaining nitrogen (30 kg/ha) should be 
applied at 30 and 50 DAS in equal splits. 

(viii) Irrigations: Light irrigation should be given just after sowing. Five to seven irrigations 
at an interval of two weeks from November to March are required under Indian 
conditions. Last irrigation should be given at the time when maximum number of spikes 
has reached the milk stage. 

(ix) Interculturing and weeding : After 20-25 days of sowing, first weeding is done. 
Ordinarily only 2-3 weedings are required within 2 months of sowing. If the crop is sown 
broadcast, hand weeding becomes very costly operation.  

             In north Gujarat agro climatic zone, in isabgol, two interculturings should be carried 
out followed by hand weedings at 25 and 40 DAS for obtaining higher yield and net 
return.   

(x) Diseases: Downy mildew 
(xi) Pests: Aphids 
(xii) Harvesting: The plant bears the flowering spikes in about 60 days after sowing and 

matures in the next 2 months. The yellowing of the lower leaves is an indication of 
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maturity, that can be confirmed by pressing a spike between 2 fingers when the mature 
seeds come out. The crop is harvested to close to the ground in the early morning hours to 
avoid losses owing to seed shadding. The harvested material is stacked for 1 or 2 days, 
made to be trampled by bullocks, winnowed and separated seed is collected. 

Crop rotation: 
In Gujarat, pearlmillet in kharif and isabgol in rabi season are advocated as a suitable 

crop rotation. Groundnut-isabgol rotation gave higher economic return followed by soybean-
isabgol and pigeonpea-isabgol rotations in Maharashtra. 
Research Station: Directorate of Medicinal Aromatic Plants Research (ICAR-DMAPR), Boriavi 
Yield : The average yield is 10 quintal/ha. A bold seeded crop fetches a better price. 
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CITRONELLA  
Botanical Name :. Cymbopogon winterianus 
Family: Gramineae 
Origin : South East Asia 

 

Geographical distribution 
It is native to tropical areas of Asia. It is commercially grown in Indonesia, Java, Burma, 

India and Sri Lanka. This crop is a recent introduction into India and its cultivation is mainly 
done in the lower hills of Assam, in Karanataka and southern Gujarat, covers about 2,000 
hectares of area. 
Economic importance 

Citronella oil is one of the essential oils obtained from the leaves and stems of different 
species of Cymbopogon (lemongrass). The main constituents of Citronella oil are Citronellol 
(65%), Citronellal (12-49%) and Geraniol (14-24%). The oil is used extensively in soap, candles, 
perfumes and other cosmetic properties. Citronella oil is perhaps most famed for its insect 
repellent properties. It has anti-bacterial, anti-microbial, anti-inflammatory, and anti-fungal 
features.Citronella oil is a raw material for isolation of above perfumery compounds. 
Soil requirements 

Citronella can be cultivated in light loam soils, rich in organic matter and well-drained 
soils. It thrives best in humid tropical areas with moderately warm temperature and well 
distributed rainfall. 
Climatic requirements 

 Humid climate with warm temperature with well distributed rainfall favours growth of 
Citronella. 
Varieties: Bio 13, Manjusha, Mandakini.  
Cultural practices: 

(i) Land preparation: Plough 3-4 times. Land is laid out into ridges & furrows spaced at 
60 cm. 

(ii) Time of sowing: June-July  
(iii) Method of sowing:By planting each slip at recommended spacing  
(iv) Spacing: The planting distance of 60 cm x 90 cm can be adopted.  
(v) Seed rate:28000 slips can be required for one ha of planting. 
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 (vi) Manures and fertilizers: The crop requires FYM 10 t/ha and NPK at 25:40:40 kg/ha 
as basal dose. 75 kg N/ha can be applied in 3 equal splits of 25 kg each at 3, 6 and 9 
months after planting.  

(vii) Irrigation: For healthy crop growth it should be irrigated frequently. This crop uses 
large amount of water. Irrigation interval of 15 days in winter and 10 days in summer is 
required for good yield. 

(viii) Interculturing and weeding : One to two weeding at the initial stages and earthing 
up after each harvest are required. 

(ix) Diseases: Leaf blight 
(x) Pests: Red spider mite, white fly 
(xi) Harvesting: First harvest can be made in 4-6 months after planting then after 3-4 

months. 
Research Station: Central Institute of Medicinal and Aromatic Plants, Lucknow 
Yield : The herbage yield is about 20 - 30 t/ha/year. Oil is extracted by water distillation. The oil 
content ranges from 0.2% to 0.3%. 
Oil yield: 

First year           :  50 - 100 kg/ha 
Second year      : 100 - 150 kg/ha 
Fifth year           : 250 - 300 kg/ha 

 Distillation: Oil can be obtained by steam distillation from dried grass for 12-24 hours. Average 
recovery of citronella oil is 1%. Yield is about 150-200 kg per hector. 16-20 tonnes of fresh 
herbage on distillation it gives 100-150 kg of oil. The Indian market rate of citronella oil is Rs. 
250-300 per kg. 
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Forage Crops 
Importance of forage crops  
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. Though 
India has a huge livestock population of over 582 million, besides poultry, production of milk 
and other livestock products are the lowest compared to the production in the world 

There is a huge gap between demand and supply of all kinds of feeds and fodders. On the 
other hand, the average cultivated area devoted to fodder production is only 4.4 per cent of the 
total area. Similarly, the area under permanent pastures and cultivable wastelands is 
approximately 13 and 15 million hectares respectively. Likewise, the total area under forests is 
2.51 crore hectares and that open to grazing is 2.1 crorehectares. All these resources are able to 
meet the forage requirements of the grazing animals only during the monsoon season. But for the 
remaining periods of the year, the animals have to be maintained on the cropresidues or straws of 
jowar, bajra, ragi, wheat, barley, sugarcane trash etc. either in the form of whole straw or bhusa, 
supplemented with some green fodder, or as sole feed. 

 
OAT  

 
Botanical Name: Avena sativa L.                                     
Origin:Asia 
Family: Poaceae (alt. Gramineae) 

 
Geographical distribution 

Oat is a crop of Mediterranean origin, the domestication dates back to ancient times. Oat 
seeds are reportedly found in 4000 year old remains in Egypt. The genus Avena comprises of 
about seventy species, a few are cultivated. A. sativa and A. byzantina are the main oats grown 
for fodder and grain. Oat is presently grown in temperate parts of the world including USA, 
Canada, Europe as spring-sown cultivars. In the tropical countries and higher altitude region it is 
grown as a winter annual. World oat production is generally concentrated between latitudes 35–

65oN and 20–46o S. Oat is the most important cereal fodder crop grown in winter in north 
western, central India and is now extending to the eastern region. Oat ranks sixth in world cereal 
production following wheat, maize, rice, barley and sorghum. It is important winter forage in 
many parts of the world and is grown as multipurpose crop for grain, pasture, forage or as a 
rotation crop. Oat requires a long and cool season for its growth, therefore, it is successfully 
grown in the plains and hilly areas of the country. In India it is grown in Punjab, Haryana, Jammu 
& Kashmir, Himachal Pradesh, Uttar Pradesh, Madhya Pradesh, Rajasthan, Maharashtra, West 
Bengal and Gujarat. The total area covered under oat cultivation in the country is about 500 000 
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ha. The crop occupies maximum area in Uttar Pradesh (34%), followed by Punjab (20%), Bihar 
(16%), Haryana (9%) and Madhya Pradesh (6%). 
Economic importance 

It is most important cereal fodder crop grown in winter season.  It is quick growing, 
palatable, succulent and nutritive crop and forms an excellent combination when fed along with 
other cold season legume/s to the animals. Oat is used as a green fodder, straw, hay or silage. 
Green fodder contains about 10-12% protein. Oats are consumed as human food and fodder for 
cattle. They have a high fat, protein and mineral content. It has excellent growth habit, quick 
recovery after cutting and good quality herbage. It is a palatable, succulent and nutritious crop. 
The protein quality of oat is excellent. 
Soil requirements 

Oat can be grown on all types of soils.  It can tolerate slight acid or saline conditions, but 
cannot do well on alkaline and water logged ones. Sandy loam, medium black well-drained soils 
are most suited for this crop. 
Climatic requirements 

Cool and moist weather is most suited to the oats for better growth and development of 
the plants. Frost and severe cold conditions retards its growth, whereas, hot and dry weather 
conditions hasten its maturity resulting in poor and inferior quality of fodder. 
Varieties: Kent 24, Kent 37, Palampur1, Afferlee, Green Mountain, IGFRI-S 3021, Jawahar Oat 
03-91 
Cultural practices 

(i) Land preparation: Two to three ploughing followed by harrowing and planking are 
sufficient to get friable and well levelled seedbeds. 

(ii) Time of sowing: For one or two cuts of forage - sowing should be done on 15th 
November. 

For continuous green forage production - sowing should be done at every 15 days interval 
start from the month of October and continued up to the month of December or different 
varieties vary in maturity period may also be grown on separate field. 

(iii) Method of Sowing: Broadcasted for fodder. If sown for grains, the sowing of seed 
should preferably be done in line with seed drill. 

(iv) Spacing:25 to 30 cm between row to row 
(v) Seed rate:100 kg/ha 
(vi) Seed treatment: Seeds should be treated with fungicides like captan or thiram @ 3.0 g 

per kg of seed for controlling soil borne diseases 

(vii) Manures and fertilizers: Well decomposed FYM @ 10-15t/ha should be applied at the 
time of land preparation. The chemical fertilizer dose is as under. 

For one cut method 
    N (kg/ha) P2O5   (kg/ha) K2O (kg/ha) Remarks 

40 30 0 As basal application 
40 - - At 30 DAS 
80 30 0  
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For two cut method 
    N (kg/ha) P2O5   (kg/ha) K2O (kg/ha) Remarks 

40 30 0 As basal application 
20 - - At 30 DAS 
60 - - After first cut 
120 30 0  

  Oat crop should not be fertilized with more fertilizer than the recommended dose. 
If nitrogen content in oat plants is more than 0.15 to 0.20%, such hay or fodder should 
not be fed to the animals. In heavy fertilized oats with nitrogenous fertilizers, lot of 
nitrates may accumulate in hay. If such hay is moistened for 8 to 10 days and then 
exposed to air, nitrates are reduced to nitrites. Such hay when fed to the animals converts 
the hemoglobin of the blood into methaemoglobin, which cannot act as an oxygen 
carrier. In serious cases, the animals may die. Generally, the green oats do not 
accumulate high enough nitrate levels as to be toxic to the animals by conversion to 
nitrates in the alimentary canal. 

         In middle Gujarat, oat (Kent) for seed purpose should be applied N @ 75 kg/ha 
(50 % N at the time of sowing and remaining 50 % N in two equal splits at 30 and 60 
days after sowing in equal splits) for getting higher seed yield and net realization. 

In north Gujarat Agro-climatic Zone, forage oat crop should be fertilized with 140 
kg N /ha with two splits i.e., 50 % N as basal + 50 % N after first cut and 60 kg P2O5/ha 
as basal for obtaining higher green  and  dry fodder  yield as well as net return. 

(viii) Irrigations: Irrigation should be given to the oat crop when there is 50% available 
moisture in the soils and interval between two irrigations should be kept at 12 to 15 
days. In one cut method, five to six irrigations are required, whereas, in two cut method, 
2 more irrigations are needed.  

In middle Gujarat, oat (Kent) for seed purpose should be applied six irrigations 
(each of 50 mm) i.e. first five irrigations at 15-20 days interval and 6th irrigation at 13-15 
days interval after fifth irrigation. 

(ix) Interculturing and weeding : Normally, there is no need of interculturing or weeding 
operations in this crop as the crop is grown very thick and plants have tillering habit, the 
growth of weed plants may suppressed. However, one interculturing and weeding should 
be done at 3 to 4 weeks after sowing. 

(x) Diseases: Sclarotial wilt, Leaf blotch, crown rust and stem rust 
(xi) Pests: Stem borer, aphids, cyst nematodes and termites 

(xii) Harvesting: 
1) In a one cut management method, the harvesting should be done at 70-80 days after 

sowing (at 50% flowering). 
2) In a two cut management method, the first cut should be taken at 50 days after sowing and 

second cut should be taken at 50% flowering.  
If crop is not harvested at 50% flowering i.e. if harvesting is delayed, the crude protein 

content decreased, whereas, dry matter, fiber, neutral detergent fiber etc may increase which 
lower the fodder quality. 
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In middle Gujarat oats (JHO 822) if grown as dual purpose, the first cut should be 
harvested at 60 days after sowing for green forage and leave it for grain production to get quality 
forage with higher grain yield and net return. 

Research Station:: National: IGFRI, Jhansi, State: Anand (Main), Dhari (Sub) 
Yield : 
1) One cut management method - 400 to 500 Quintal green fodder/ha. 
 2)   Two cut management method - 500 to 600 Quintal green fodder/ha. 
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LUCERNE (ALFALFA) 
 

Botanical name:Medicago sativa L. 
Family: Fabaceae (alt. Leguminosae) 
Origin:South West Asia 

Lucerne is commonly called as rijka in northern India. It is a perennial plant and can 
supply green fodder continuously for 3–4 years from the same crop stand. The root system is 
deep and so can be easily grown in the areas where water is in short supply. Lucerne hashigh 
palatability for all kinds of livestock as it provides nutritious fodder and possesses about 16-25% 
crude protein and 20–30% fiber. 
 

 
Geographical distribution 

Lucerne or alfalfa is one of the oldest cultivated fodder crops. Roman writers described its 
value as feeds for horses and other animals as early as 490 BC. Alfalfa is derived primarily from 
M. coerulea, a diploid 2n=16 that grows wild in grasslands of south west Iran, Caucasan region 
and eastern Anatolia. Tetraploids are usually more vigorous than diploids. Lucerne is a native to 
south west Asia as indicated by occurrence of wild types in the Cancasus and in mountainous 
region of Afghanistan, Iran. The cultivated forms probably arose in western Persia and then 
spread to become widely cultivated throughout Asia, Europe and America and widely distributed 
in temperate regions. The genus contains large number of species. In India other than M. sativa, 
the entire groups of Medics are treated as wild types. The existing M. sativa is largely a tetraploid 
species (2n=4x=32). However, diploids and hexaploids are also found in nature. Due to its high 
protein and vitamin A content, it is included as a feed component for poultry and piggery. 
Lucerne provides green fodder for a longer period (November-June) in northern parts and 
throughout the year in other parts of the country where winters are not severe. In India, Lucerne 
occupies one million hectare area and provides 60 to 130 tonnes of green forage/ha. It is grown as 
a farm crop in Punjab (13,554 acres), western districts of UP, Maharashtra (18400 acres), Gujarat 
(19,900 acres), Tamil Nadu and WB. After sorghum and berseem, Lucerne is 3rd important 
forage crop in India. Alfalfa is a perennial species with indeterminate growth habit, profuse 
basally branched and erect type. 

It is mainly grown on a large area in USA, Canada, Argentina, Australia, New Zealand, 
France, Italy and USSR. The Lucerne crop in India is mostly grown as irrigated crop in the states 
of Punjab, Haryana, Uttar Pradesh, Gujarat, Maharashtra and Tamil Nadu. 
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Economic importance 
Lucerne crop is one of the most important fodder crops of India called as "queen" among 

fodder of "green gold".  Being a deep-rooted crop, Lucerne extracts water from the deeper zone 
of the soil. It can be grown both as annual as well as perennial crop. This crop may supply green 
fodder continuously for 3 to 4 years from the same field as perennial crop. It yields nutritive and 
palatable fodder, which contains about 15 to 20% crude protein with 72% digestibility (dry 
weight basis) and high amount of vitamins A, B, and D. Since, Lucerne is a rich feed; it should 
be used only in small quantities. When, it fed to animals in excess of green fodder Lucerne 
causes “bloat” in cattle.  Therefore, start with a small quantity of green feed in the beginning and 
then gradually by increases the quantity. Feeding of Lucerne hay may replace use of grains and 
concentrates. Lucerne hay is particularly rich in protein, calcium and vitamins. Lucerne crop 
supplies green fodder for a longer period in comparison to Berseem. Lucerne being a leguminous 
crop, adds about 194 kg N/ha to the soil. 
Soil requirements 

Lucerne prefers well-drained, fertile, sandy loam to medium black soils having pH value 
ranging from 7.5 to 8.0. It does not do well on very heavy and water logged soils. Acid soils 
affect root growth, so liming is required in such soils, while, it can tolerate saline soils.  
Climatic requirements 

Lucerne is very important leguminous fodder crop grown as an annual in hot humid 
region and as perennial in dry region. It is valuable forage crop of irrigated areas and it is 
persistent, productive as well as heat and drought resistant crop. Lucerne is well adapted to wide 
climatic variations. It thrives best under warm, dry and sunny conditions. If the high temperature 
is accompanied with high humidity, the crop suffers badly. Its plant can also withstand fairly low 
temperature. 
Varieties: 

Sr. 
No 

Variety Area of 
cultivation 

Remarks 

1 Sirsa 9 (T9) Entire Gujarat Long and narrow leaves 
2 GAUL1 

(Anand Lucerne 2)  
Entire Gujarat Pale yellow broader leaves, tall with fast 

growing habit, 20% higher yield than Sirsa – 
9 

3 GAUL 2 (SS 627) North Gujarat Tall plants with broader leaves, Moderately 
resistant against downy mildew, 710 to 728 
q/ha green fodder yield 

4 Anand Lucerne 3 Recommended 
for middle 
Gujarat 

Perennial type variety. 

Cultural practices 
(i) Land preparation: After the harvest of Kharif crop, land should be prepared by one 

mould board ploughing followed by repeated "Desi” ploughings or one tractor 

ploughing followed by disc harrowing or by tractor cultivator. Stubbles of the previous 
crop should be removed and land should be levelled with the help of rake and made into 
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rectangular compartments for uniform irrigations and proper drainage.  Land should be 
laid out into beds of the size 2.5 to 3.0 m in wide and 8.0 to 10.0 m in length according 
to the slope of field. 

(ii) Time of sowing:15th November (second week of November) is the most appropriate time 
of sowing. However, sowing can be done from 15th October to 15th November. 

(iii) Method of Sowing: This crop should be sown by broadcasting or drilling method. Seed 
should be sown 1 to 1.5 cm depth. 

(iv) Spacing: Lucerne should be sown at 25 cm row spacing for easy interculturing 
operations. Perennial crop should be sown at 25 cm row distance. 

(v) Seed rate: 1) For annual crop - 10 kg seeds/ha 
                        2) For perennial crop - 15 kg seeds/ha 
(vi) Seed treatment: Seed should be treated with ceresan or thiram and then it should be 

inoculated with suitable strain of Rhizobium culture (Rhizobium meliloti, 1.0 to 1.25 kg 
of culture/ha) before sowing for fast growth, easy germination and more yields. 

(vii) Manures and fertilizers:15 to 20 t/ha well decomposed FYM should be mixed 
properly in the soil at the time of land preparation. 

    N, kg/ha P2O5,kg/ha K2O, kg/ha Remarks 
     20 40 40 As basal application 

 
In middle Gujarat soils  with marginal Zn and deficient Fe status, lucerne (Anand 2) shuld 

be applied 25 kg ZnSO4 and 50 kg FeSO4 per ha every year besides application of 
20:40:40 kg NPK/ha to obtain higher seed yield and net return. 

(viii) Irrigations: The water requirement of lucerne is high. The hard seeds absorbed 
moisture very slowly and often fail to germinate uniformly. Thus, two light irrigations 
within a week after sowing are useful and subsequent irrigations up to February should 
be given at an interval of 10-12 days and in summer season, with an interval of 7 - 8 
days. The water requirement of Lucerne is more and if the interval between two 
successive irrigations is prolonged, the green forage yield of lucerne will be decreased 
drastically. 

(ix) Interculturing and weeding: Crop should be kept weed free by hand weeding 
operations. Weeding should be done after each cut. If the line sowing is done, the 
interculturing operations should be done either by hand or bullock drawn hoe. In case 
of infestation of dodder (Cuscuta reflexaRoxb.) parasite weed, dodder infested plants 
along with dodder should be uprooted and removed from the field and then burnt them.  

 Application of pendimethalin @ 0.5 kg/ha in 500 l of water after 10 DAS effectively 
controls the dodder infestation in Lucerne crop. This method also checks other weeds 
and no residual effect of herbicide are obtained in green fodder. 

(x) Diseases: Downy mildew 
(xi) Pests: Aphids, Jassids 
(xii) Harvesting: The first cut should be taken at about 55 to 60 days (two months) after 

sowing. The subsequent forage cuts should be taken at an interval of 28-30 days in 
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Rabi and 20 to 25 days during summer season. In all, five to seven cuttings are taken 
up to end of May. With irrigation facilities, two-three additional cuts are possible in 
drier area also. Harvesting of Lucerne is delayed, the crude protein content decreases, 
whereas, the crude fiber content increases. Light intensity is more important in dry 
matter accumulation than temperature, thus, cloudiness retards dry matter production. 
If Lucerne crop is sown at 15th October than totally 7 cuts are harvested up to the 
month of May. Cutting should be done by keeping 7.0 cm suitable height. 

Research Station:: National: Indian Grass land and Forage Research Institute, Jhansi   
State::Main centre: Anand  Sub centre: Dhari 
Yield :Green forage yields about 700-800 q/ha for seasonal crop and in case of perennial crop, 
1000 to 1100 q/ha could be obtained. 
Mixcropping:  

             In middle Gujarat, lucerne (GAUL 1) and pandadiu (Wild chicory local) should be grown 
as mix crops with 5 kg/ha seeds of each crop along with 30 kg N/ha as a basal and 15 kg N/ha after 
alternate cut to obtain higher green forage, dry matter, crude protein yield and net realization (A 
common basal application of 10 t FYM/ha + 50 kg P2O5/ha should also be given to the crop). 
Precautions: 
  Green forage of lucerne contains poisonous substances like Oestrogen, which is 
dangerous to cattle if fed pure Lucerne. To avoid this, green fodder should be fed by mixing it 
with cereals and pulse fodder crops at the proportion of 6:4. 
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B E R S E E M  
 
Botanical Name:Trifolium alexandrinum L. 
Family:Fabaceae (alt. Leguminosae) 
Origin :Asia 

 

Geographical distribution 
Berseem or Egyptian clover is one of the most important winter forage legumes in India, 

Pakistan, Turkey, Egypt and Mediterranean region. A few of the 237 species of this large genus 
have actually been cultivated to date. Out of 3 subgenus, Falcatula is represented in Europe, 
Lotoideain Europe, Mediterranean region, USSR, Greece, Spain, Romania,Central and Portugal 
and subgenus Trifolium in Europe, Portugal, Balkan Peninsula, Greece and Mediterranean region. 
The genus has wide range of variability for habit (i.e., annual, biennial and perennial), habitat 
(tropical, subtropical and temperate) and tolerance to biotic and abiotic stresses. The important 
perennial pasture clovers, T. repens (white clover), T. hybridum (alsike clover), T. pratense (red 
clover) and T. ambiguum (caucasian clover) are widely distributed in the temperate and sub-
temperate regions of the world while the annual types such as T. resupinatum (Persian clover), T. 
subterraneum (sub-terranean clover) and T. alexandrinum (Egyptian clover or berseem) are 
commonly cultivated as winter annuals in the tropical and subtropical regions. In India berseem 
is the most important winter season legume cultivated in an area of around 2 million hectares. 
Most of the present day cultivars are derivative of ecotype Mescavi. These cultivars are multicut 
(4–8 cuts) in nature, providing fodder for a long duration(November to April), very high quantum 
of green fodder (85 t/ha) and better quality of fodder (20% crude protein), high digestibility (up 
to 65%) and palatability. The phenomenal success of Berseem in India is also due to its high 
nitrogen fixing ability resulting insubstantial improvement in soil fertility. 

It is grown mainly in irrigated areas of Himachal Pradesh, Punjab, Haryana, Delhi, 
Rajasthan, Uttar Pradesh, Bihar and parts of Madhya Pradesh, Maharashtra, Assam, Orissa, West 
Bengal and Jammu & Kashmir. 
Economic importance 

Berseem also called Egyptian clover has been rightly called king of fodder crops due to 
the high yields of succulent, palatable and nutritious fodder that it provides over a long season 
from November to May in five to six cuts. Berseem is important winter forage. It has 20% crude 
protein and 70% dry matter digestibility. It appeared to behave as a most potent milk multiplier in 
the lactating buffaloes, Sahiwal cows and cross breed cattles as compared to other forage crops 
alone on in combination. 
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Excessive feeding of berseem in the young stage or when it is wet with dew in the 
morning causes bloat called timpanists. If animals are allowed to graze, the crop should first be 
sprayed with emulsion of linseed or mustard oil to prevent bloat. Berseem is considered as a good 
green manure crop and useful in reclaiming alkali-saline soils. It adds about 24 kg N/ha and 
improves physical condition of the soil. 

Soil requirements 
Berseem can be grown on all types of soils except very light sandy soils. The crop grown 

best on well drained soils but does not do well on acid soils. 
Climatic requirements 

Berseem requires a dry and cool climate for its normal growth.   It needs mild temperature   
for   germination   and establishment.  The crop is not sown unless average daily temperature 
reaches 13-15 ºC. However, temperature more than this will hamper the germination. The crop 
growth is very fast at 18-21 ºC. Its growth is checked during (intensely) severed cold or frosty 
period. Frost period during winter makes the crop dormant and no regeneration is recorded. 
Similarly, when temperature goes around 32-35 ºC, re-growth after cutting (harvest) may not be 
possible. It can not withstand drought & frost. It can not be grown in deep and hemp and heavy 
rainfall areas. It can be grown successfully in areas where annual rainfall is up to 250 cm. 
Berseem cannot tolerate hot weather. 
Varieties:Meskawi, IGFRIS 29-1, Chhindwara, BL1 
    Pusa Giant (1000 to 1500 q/ha green forage yield.) 

Cultural practices: 
(i) Land preparation:A fine well-pulverized and levelled seedbed is a must.  To secure a 

good seedbed, one ploughing should be done with mould board plough followed by 
three to four harrowing and planking to break all soil clods. 

(ii) Time of sowing:15th September to end of November. 
(iii) Method of sowing:There are two methods for sowing of berseem i.e., dry and wet bed. 

For satisfactory germination and good plant stand, wet method is better. Seed should be 
sown in beds of convenient size by broadcast method after flooding the beds with 5–6 
cm deep water. Before sowing seeds, the water in the beds should be stirred thoroughly 
with the help of puddler or rake so as to break the clods and capillary to avoid leaching 
during successive irrigations. 

(iv) Spacing:20 to 30 cm spacing 

(v) Seed rate:50 kg/ha (Bold seeded variety like PusaGaint) 
                        25 to 30 kg/ha (Small seeded variety like Meskavi) 

(vi)Seed treatment: For elimination of chicory weed (kasani), the seed should be poured in 
1 per cent common salt. Floating chicory seed should be taken out and remaining seed of 
berseem should be sown. Before sowing seed should be treated with Rhizobium. For 
treating the seed, it should be first soaked into fresh water for about 8–12 hrs. For better 
sticking of culture with seed, the culture is prepared with jaggery. About 1.5 lit of water 
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is mixed with 150 g of jaggery and boiled. After cooling, 2.5 packet of berseem culture 
is mixed with it and then seed is well mixed and dried in a cool shady place. 

(vii) Manures and fertilizers:20-25t FYM/ha should be applied at the time of land 
preparation. 

N(kg/ha) P2O5   (kg/ha) K2O (kg/ha) Remarks 
20 80 40 Basal application 

(viii) Irrigation:The crop requires 16 to 18 irrigations. Irrigation should be provided 
immediately after seedlings emerge and subsequent two or three irrigations should be 
given at weekly intervals.  Normally, the crop should be provided with irrigation after 
each cutting. 

(ix) Interculturing and weeding : Menace of weeds in berseem can be curbed effectively 
with the adoption of preventive methods. Deep summer ploughing with soil inversion 
plough after harvest of the crop is very effective way to reduce the weed count. Pre-
emergence application of pendimethalin at 0.3 kg a.i/ ha + imazethapyr at 0.1 kg a.i/ ha 
(after the first and second cut) was found effective to control weeds in berseem. Pre-
emergence application of oxyflourfen0.10 kg/hafollowed by post-emergence application 
ofimazethapyr 0.10 kg/haimmediate after harvest of first cutis effective for controlling 
weeds. (x) Diseases:Root rot, berseem mosaic 

(xi) Pests: Aphid, leaf minor, dusky bug, thrips, whitefly, cutworm 
(xii) Harvesting:First cutting is generally taken after 60 to 70 days, second after35 to 40 

days of first cutting, third and fourth after 30 days of last cutting and 5th and 6th after 20 
days of last cutting.  Subsequent harvest (cuttings) should be taken at 25-35 days interval 
depending upon the rate of growth and temperature. The cutting should be done at about 
5-7 cm height for better and quick re-growth. 

Research Station:Indian Grassland and Fodder Research Institute, Jhansi 
Yield :The average yield of green forage varies from 800 to 1100 q/ha. 
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Spices 
A spice is a seed, fruit, root, bark, or other plant substance primarily used for flavoring, 

coloring or preserving food. Spices are distinguished from herbs, which are the leaves, flowers or 
stems of plants used for flavoring or as a garnish. Indian food and taste are famous all over the 
world for delicious aroma, great taste, unique color and finger-licking flavor. All these together 
make a perfect blend and are found in Indian foods only. The secret of the delicious flavor of 
Indian food is its rich spices that are used for thousands of years and spreading all over the world. 
Indian and Egyptian spices are known as world’s best spices in taste, their appealing aroma adds 

tang to foodstuff. The real amalgamation of spices was done in beginning of 14th century by 
Mughals. 

 
CORIANDER  

 
Botanical name: Coriandrum sativum L. 
Family : Umbellifereae 
Origin :Egypt 

 
Geographical distribution 

Coriander is cultivated in the countries of India, Russia, Balgaria, Hungary, Polland, 
Pakistan and Rumania.In India, it is cultivated in the states of Madhya Pradesh, Andhra Pradesh, 
Maharashtra, Tamil Nadu and Rajasthan.In Gujarat, it is cultivated in Mehsana and Banaskantha 
districts. Coriander is generally grown surrounding the big cities to meet the requirement of green 
leaves locally known as kothmir. 
Economic importance 

Coriander leaves and seeds both contain antioxidents. It is used as condiments. Both seeds 
and leaves are rich in vitamin A (Carotene). Coriander leaves used for making chutney. Seeds are 
important ingredient of the famous Indian curry. Besides, seeds have a number of medicinal uses. 
Coriander oil is used for flavouring liquors, coca preparation etc. It kills spider, mites and cotton 
aphids too. Coriander is exported to Sri Lanka, Malayasia, East Africa and USA. India produces 
8000 tonnes of coriander seeds. Among these quantities, 90 per cent seeds are utilized in India 
and only 10 per cent seeds are exported to the above said countries. 

https://en.wikipedia.org/wiki/Seed
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Bark_(botany)
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Flavor
https://en.wikipedia.org/wiki/Color
https://en.wikipedia.org/wiki/Preservative
https://en.wikipedia.org/wiki/Herb
https://en.wikipedia.org/wiki/Flavor
https://en.wikipedia.org/wiki/Garnish_(food)
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Soil requirements 
Well drained sandy loam to medium black soil is most suitable for cultivation of 

coriander crop. 
Climatic requirements 

It requires cool and dry climate and hence it is grown in rabi season for seed purpose. 
However, it can be grown in any season for green leaf. 
Varieties 

Gujarat Coriander 1,Gujarat Coriander 2, COR 29, GDLC 1 (Gujarat Dantiwada Leafy 
Coriender 1), Gujarat Coriander 3 
Cultural practices: 

(i) Land preparation: After harvesting of kharif crop, one to two ploughings followed by 
harrowing are needed. The field should be cleaned by removing stubbles and debris of 
previous crop. 

(ii) Time of sowing: First fortnight of November 
(iii) Method of sowing: Drilling 
(iv) Spacing:30cm x 15 cm  
(v) Seed rate:12-15kg/ha. Split the whole seeds into two halves. This helps in reducing 

seed rate as each half has germinating capacity. Besides this, splited halves 
germinating faster. 

(vi) Seed treatment: Coriander seed are separated in two equal parts. Treat with 
fungicideslike ThiramOrCaptan @ 3gm/ Kg of seed 

(vii) Manures and fertilizers:Well decomposed FYM @ 10-15 t/ha should be applied at 
the time of preparation land. 

Nitrogen 
(kg/ha) 

P2O5 

(kg/ha) 
Remarks 

10 
10 
20 

10 
00 
10 

Basal 
At 6 weeks after sowing 

(viii) Irrigations:First irrigation should be applied just after sowing. Second irrigation at 7-
8 days after sowing and subsequent irrigations should be given at 12 to 15 days 
interval. 

(ix) Interculturing and weeding:Generally 2 to 3 interculturings are sufficient to control 
the weeds. If labour are scare apply pendimethalin @ 1 kg a.i./ha as pre-emergence. 

(x) Diseases:Powdery mildew 
(xi) Pests:Aphids 
(xii) Harvesting: This crop is ready for harvest after 110 to 120 days. At maturity, seeds 

show yellowish green colour and medium hard when pressed. After harvest, the crop is 
dried under partial shade for maintaining green colour and aroma of grain. When the 
plants are completely dried, the seeds are separated by biting with wooden sticks and 
then grading is done with the help of sieve or by vibrator. 

Research Station: Jagudan 
Yield :1500 to 1800 kg/ha 
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FENNEL 
 

Botanical Name :.Foeniculum vulgare L. 
Family:Apiaceae (Umbelliferae) 
Origin : Mediterranean 

 

Geographical distribution 
India is the world’s largest producer, consumer and exporter of the spices and among all 

spices fennel is one of the most important spices. Fennel is cultivated in Argentina, America, 
Germany, China, Indonesia, Russia, Japan and Pakistan. In India, the fennel cultivating states are 
Haryana, Punjab, Himachal Pradesh, Maharashtra and Uttar-Pradesh. In India fennel is mainly 
cultivated in Gujarat, Rajasthan, Uttar Pradesh, Karnataka, Andhra Pradesh, Punjab, Haryana and 
Madhya Pradesh. Gujarat ranks first in area and production contributing more than 90 per cent of 
total fennel production of the country. In India, fennel fruits are classified for trade purposes 
according to their place of origin. Some of the well known types are Bombay, Bihar and UP 
fennels. Seeds from Lucknow are considered to be best and are priced higher than those from 
other areas. 
Economic importance 

It is a highly aromatic and flavourful herb with culinary and medicinal uses. The bulb, 
foliage and seeds of the fennel plant are widely used in many of the culinary traditions of the 
world. Dried fennel seed is an aromatic, anise-flavoured spice, brown or green in colour when 
fresh, slowly turning a dull grey as the seed ages. For cooking green seeds are the best. The bulb 
is a crisp, hardy root vegetable and may be eaten raw. Many cultures in the Indian subcontinent 
and the Middle East use fennel seeds in their cooking. Fennel is one of the most important spices 
in Kashmiri Pandit and Gujarati cooking menu. Fennel water has properties similar to those of 
anise and dill water: mixed with sodium bicarbonate and syrup, these waters constitute the 
domestic ‘gripe water', used to correct flatulence of infants. Fennel tea, also employed as a 

carminative, is made by pouring boiling water on a teaspoonful of bruised fennel seeds. In the 
Indian Subcontinent, fennel seeds are eaten raw, sometimes with some sweetener to improve 
eyesight. Extracts of fennel seeds have been shown in animal studies to have a potential use in 
the treatment of glaucoma, as a diuretic and a potential drug for the treatment of hypertension.  

It is well known for its essential oil. The characteristic anise odour is due to its essential 
oil makes it an excellent flavouring agent in baked goods, meat and fish dishes, ice-cream and 

https://www.sciencedirect.com/topics/chemistry/diuretic
https://www.sciencedirect.com/topics/chemistry/essential-oil
https://www.sciencedirect.com/topics/chemistry/flavouring-agent
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alcoholic beverages. The major components of seed essential oil have been reported to be trans-
anethole, fenchone, estragol (methyl chavicol), and α-phellandrene. Essential oil of fennel 
prevents development of chronic liver damage hence it is very useful for controlling disease of 
chest, spleen, kidney and aid to longevity. The seeds are used as a flavouring agentin many herbal 
medicines, and to help disperse flatulence. The seeds, and roots, also help to open obstructions of 
the liver,spleen & gall bladder, and to ease painful swellings, in addition to helping with yellow 
jaundice. The essential oil is also used for scenting soaps and flavouring materials for cakes, 
liquor, sauces, pastries, confectionary,  bread roll and meat dishes. In India fennel seeds are also 
used for mastication and chewing alone or with beetle leaves.  

Soil requirements  
Sandy loam to medium black soils with good drainage is suitable for this crop.  

Climatic requirements 
It grows in temperate and sub tropical areas. Fennel requires cool and dry climate for its 

cultivation. Dry and moderately cool weather conditions during seed formation increase seed 
yield as well as quality of the produce. Except sandy soil, fennel can successfully be cultivated in 
all types of soils having sufficient amount of organic matter. Black cotton soil and loamy soil 
containing lime with proper drainage are better suited for its cultivation. 
Varieties: Gujarat Fennel 11, Gujarat Fennel 12 
Cultural practices 

(i) Land preparation: The soil is brought to a fine tilth by one ploughing followed by 2 to 
3 harrowing and planking. 

(ii) Time of sowing: First fortnight of November. 
(iii) Method of Sowing: Drilling 
(iv) Spacing: 45-60  cm between the row and 10-15 cm within row. 
(v) Seed rate: 5kg/ha. 
(vi) Seed treatment: Treat with fungicides like Thiram OR Captan @ 3gm/ kg of seed 

(vii) Manures and fertilizers: Fertilizer dose:  90 : 30 : 00 NPK Kg/ha.  
             Basal dose:  45 : 30 : 00 NPK Kg/ha.  
             Top dressing:   
  a) 22.5 Kg N/ha after one month from sowing. 
  b) 22.5 Kg N/ha after two month from sowing. 

In north Gujarat agro climatic zone, the crop should be applied RDF (90 + 30 kg 
NP/ha) to rabi fennel along with 200 kg FYM enriched with 3.0 kg Fe + 1.5 kg Zn/ha 
in furrow at the time of sowing in Fe and Zn deficient soil for obtaining higher yield 
and net return. The FYM (200 kg/ha) should be mixed with required quantities of Fe 
(15.7 kg FeSO4.7H2O) and Zn (7.1 kg ZnSO4.7H2O). The FYM is kept about 70 % 
moisture content for 40 days in a pit with weekly intermixing before its application. 

(viii) Irrigations: Irrigation at sowing time, second and third irrigations at 8 and 33 DAS 
and remaining 7 irrigations at 12 to 15 days interval. 

(ix) Interculturing and weeding : Apply pendimethalin @ 1 kg/ha a.i.  as pre-emergence.  

https://www.sciencedirect.com/topics/chemistry/trans-anethole
https://www.sciencedirect.com/topics/chemistry/trans-anethole
https://www.sciencedirect.com/topics/chemistry/fenchone
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In north Gujarat Agro-climatic Zone (AES IV), for rabi fennel two hand weedings 
+ interculturing at 20 and 40 DAS should be carried out to control weeds for getting 
higher yield and net return.  

(x) Diseases: Collar rot, Ramularia blight, Sugary Secretion, Phyllody 
(xi) Pests: 
Fennel aphid (H. coriandrai),gram pod borer, seed wasp 
(xii) Harvesting:Generally Rabi crop is raised for market type produce. Hence, harvest the 

crop when 70 % umbels on plant are at physiological maturity. 
Research Station: Jagudan 
Yield :1800 to 2000 kg/ha. 
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DILL SEED  
Botanical name:Anethum graveolenus L. 
Family : Apiaceae (Umbelliferae) 
Origin :Mediterranean 

 
Geographical distribution 

Dill seed is cultivated in India, Pakistan, Turkey, Persia and Iran. In India, it is cultivated 
in the states of Madhya Pradesh, Uttar Pradesh, Rajashthan, Maharashtra, Punjab and Gujarat. In 
Gujarat, it is cultivated in the districts of Mahesana and some part of Banaskantha and 
Sabarkantha. 
Economic importance 

Dill seed has its great medicinal value. It helps well against gastritis, old constipation, 
worm and indigestion troubles. The oil of dill seed also has great medicinal value. The seed of 
dill seed is used in preparation of some vegetables during their cooking. 
Soil requirements 

Crop thrives best in well drained sandy and medium black soils reach in organic matter. 
Climatic requirements 

Crop prefers cool and dry climatic conditions. Cloudy weather harms the crop. Rains 
during maturity spoil the seeds as well as sometimes entire crop too. For good vegetative growth, 
warm and moist condition is preferable. 
Varieties: Gujarat Dill seed 1, GAVDS 1 (Gujarat Anand Vegetable Dill Seed 1),  
                  Gujarat Dill seed 3 
Cultural practices: 

(i) Land preparation: To make soil friable, 2 to 3 ploughing, followed by harrowing 
should be carried out. Thereafter, remove stubbles and debris of previous crop and 
level the field by clod crushing with the help of plank. Prepare bed size of 1.5-2.0 to 
3.5-4.0 sq.m. according to irrigation sources and slope of the land. 

(ii) Time of sowing: Second fortnight of October to first week of November with onset of 
winter season. 

(iii) Method of sowing: Broadcasted seed should be properly mixed with the soil with the 
help of rake. Seed should not be go deep more than 1.0 cm or should not be remained 
open in the bed. 

(iv) Spacing: Sowing is done by broadcasting. 
(v) Seed rate: 2 kg/ha 
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(vi) Seed treatment: Seed should be treated with Agrosan or Ceresan @ 2-3 g per kg of 
seeds. Seed should be mixed with materials like sieved castor cake or fine soil or 
powdery FYM etc. for uniform distribution of seeds in the field.  

(vii) Manures and fertilizers: Well decomposed FYM @ 8-10 t/ha should be incorporated 
into the soil at the time of land preparation if it is not applied to previous Kharif crop. 

 
Nitrogen 
(kg/ha) 

P2O5 

(kg/ha) 
Remarks 

20 
20 
40 

30 
00 
30 

Basal 
At 40 DAS  

 
               In Bhal and Coastal Zone, dill seed (GD 2) should be fertilized with 20 kg N/ ha 

and 20 kg P2O5/ha as basal application. top dressing of 20 kg N /haafter the irrigation 
to secure higher yield and net return (CBR-1:5.7). While, under conserved moisture 
condition, only 40 kg N /ha should be applied  as basal at the time of sowing. 

In North West Gujarat Agro-climatic Zone rainfed dill seed under saline sodic 
soil, 40:20 kg N:P2O5/ha and 10 kg S/ha through gypsum (62.5 kg) should be applied 
as basal for obtaining higher seed yield and net return. 

In North West Gujarat Agro-climatic Zone growing dill seed under saline sodic 
soil are recommended to apply 5 t FYM/ha and 50 per cent of gypsum requirement (4 
t/ha) of soil with 60 kg N + 30 kg P2O5 /ha for obtaining higher yield and net return. 

(viii) Irrigations: For irrigated crop, apply 3 to 6 irrigations according to soil texture and 
climatic condition First irrigation should be given just after sowing, second at 7 to 9 
days after sowing, and subsequent irrigations should be applied as and when required 
(10 to 12 days interval) . 

(ix) Interculturing and weeding:In North Gujarat Agro-climatic Zone, dill seed under 
irrigated condition, two interculturings should be carried out followed by hand 
weeding at 25 and 40 DAS. 

(x) Diseases: Powdery mildew and wilt 
(xi) Pests:Aphids 
(xii) Harvesting: Harvesting should be done in the early morning in damp condition 

(night due). Harvested crop should be stacked in threshing yard for sun drying. 
Thereafter, seeds are separated by beating the plants with sticks. 

Research Station: Jagudan 
Yield : 800- 1000 kg/ha 
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AJWAIN  
Botanical Name : Carum captimum L. 
Family: Apiaceae (Umbelliferae) 
Origin :Egypt 
 

 
Geographical distribution 

Cultivated countries are India, Pakistan, Turkey, Persia and Iran.In India, it is cultivated in 
Madhya Pradesh, Uttar Pradesh, Rajashthan, Maharashtra, Punjab and Gujarat.In Gujarat, it is 
cultivated in Mehsana and some part of Banaskantha and Sabarkandha districts. 
Economic importance 

Seeds contain health benefiting essential oils such as thymol, which gives aromatic 
fragrances to seeds. In addition, they also comprise in small amounts other phyto-chemicals such 
as pinene, cymene, limonene and terpinene. The seeds used generously as condiment in snacks, 
spicy biscuits, to flavor drinks, soups, sauces in India. Thymol, the essential oil obtained from 
ajwain has local anaesthetic, anti-bacterial and antifungal properties. Seed is used in preparation 
of some vegetables during their cooking. 
Soil requirements 

Loamy to black soils are suitable for this crop. Ploughing and 2-3 harrowings followed by 
planking for getting good tilth.Well drained medium black and sandy soils rich in organic matter. 
Climatic requirements 
 Cool and dry climatic conditions. Cloudy weather harms the crop. Rains during maturity 
spoil the seeds as well as sometimes entire crop; too. For good vegetative growth, warm and 
moist condition is preferable. 
Varieties:GujaratAjwan 1 (matures in 160-165 days)Gujarat Dantiwada Ajwain2 
Cultural practices 

(i) Land preparation: 2 to 3 ploughings, followed by harrowing should be carried out. 
Remove stubbles and debris and level the field by clod crushing with planking. 
Prepare bed size of 1.5-2.0 to 3.5-4.0 sq.m. according to irrigation sources and slope 
of the land. 

(ii) Time of sowing:2nd fortnight of October to first week of November. 
(iii) Method of Sowing: Broadcasted seed should be properly mixed with soil with help 

of rake. Seed should not be go deep more than 1.0 cm or should not be remaining 
open in the bed. 

(iv) Spacing:Sowing is done by broadcasting.  
(v) Seed rate:2 kg/ha 
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(vi) Seed treatment: Seed should be treated with Agrosan or Ceresan @ 2-3 g per kg of 
seeds. Seed should be mixed with fine soil or powdery materials like sieved castor 
cake or FYM etc. for uniform distribution of seeds in the field. 

(vii) Manures and fertilizers: Well decomposed FYM @ 10 t/ha should be incorporated 
into the soil at the time of land preparation, if it is not applied to previous kharif crop. 

Nitrogen (kg/ha) P2O5 (kg/ha) Remarks 
20 
20 
40 

30 
00 
30 

Basal 
45 DAS 

 
Farmers of North Gujarat Agro-climatic zone IV  growingajwain are 

recommended to fertilize the crop with 20 kg N + 20 kg P2O5 /ha for getting  
higher  yield and net return. (2015) 

(viii) Irrigations: Crop requires 8 to 10 irrigations depending on type of soil and 
climatic conditions. First irrigation, should be given just after sowing, second at 7 to 
9days after sowing, and subsequent irrigations should be applied as and when 
required (10 to12 days interval). 

Farmers of North Gujarat Agro-climatic zone IV  growingajwain are 
recommended to irrigate  the crop with six irrigations each of 50  mm depth at 
sowing,8-10, 47,85,114 and 135 DAS  

(ix) Interculturing and weeding : Hand weeding should be done as and when required. 
The farmers of North Gujarat Agro-climatic Zone growing ajwain are 

recommended to carry out two interculturingfollowed by hand weeding at 25 and 
40 DAS for obtaining higher seed yield and net return. 

(x) Diseases:Powdery, mildew and Wilt 
(xi) Pests:Aphids 
(xii) Harvesting: Harvesting should be done in the early morning in damp condition 

(night due). Harvested crop should be stacked in threshing yard for sun drying. 
Thereafter, seeds are separated by beating the plants with sticks. 

Research Station: Jagudan 
Yield :800-1000 kg/ha 
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FENUGREEK  
Botanical Name :Trilgonella  foenum-graecum L. 
Family: Fabaceae 
Origin :South-East Europe, Ethiopia and West Asia 

 

Geographical distribution 
Fenugreek is mainly cultivated in the Countries of India, Argentina, Egypt, Morocco, 

China, Japan and Pakistan.In India, it is grown in all states except Assam and West Bengal. It 
occupies about 50000 hectares area with an annual production of 25000 tonnes. 

In Gujarat, it is cultivated in Saurashtra, north Gujarat (Mahesana - Unjha and Maktupur 
area) and middle Gujarat areas. 
Economic importance 
  It is used as condiments, as leafy vegetables and used in pickles, salad, curry preparation 
and used for medicinal purposes. Plants are used medicinally in different countries and are a 
source of many potent and powerful drugs. This plant decrease body fats and effective on 
obesity. Fenugreek leaves and seeds are consumed in different countries around the world for 
different purposes such as medicinal uses (anti-diabetic, lowering blood sugar and cholesterol 
level, anti-cancer, anti-microbial, etc.), making food (stew with rice in Iran, flavor cheese in 
Switzerland, syrup and bitter run in Germany, mixed seed powder with flour for making flat 
bread in Egypt, curries, dyes, young seedlings eaten as a vegetable, etc.), roasted grain as coffee-
substitute (in Africa), controlling insects in grain storages, perfume industries, and etc. Fenugreek 
can be a very useful legume crop for incorporation into short-term rotation and for hay and silage 
for livestock feed, for fixation of nitrogen in soil and its fertility. Fenugreek seeds have been 
known and valued as medicinal material from very early times. Its seeds are considered to be of 
commercial interest as a source of a steroid diosgenin, which is of importance to the 
pharmaceutical industry.  
Soil requirements 
  It thrives best on well drained and fertile sandy, sandy loam and medium black soils. It is 
also grown on clay soils but deep black and water logged soils are not suitable. 
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Climatic requirements 
Fenugreek is a rabi season crop requires cool and dry climate. It can tolerate moderately 

well to frost. Cloudy weather is not suited well for cultivation of this crop. 
Varieties: Pusa Early Branching, Methi No.47, Gujarat Methi 2 
Cultural practices 

(i) Land preparation: After harvesting of kharif, crop one ploughing should be done, 
followed by harrowing twice and planking to make the land friable. 

(ii) Time of sowing:4th week of September to 2nd week of October. 
(iii) Method of sowing: Drilling or by broadcasting 
(iv) Spacing:30 x 10 cm for line sown crop 
(v) Seed rate:15 to 20 kg/ha   
(vi) Seed treatment: For better and quick germination, seeds are soaked in water up to 6 

to 8 hrs and then used for sowing after drying. Seed treatment with bio-fertilizer 
found beneficial. 

(vii) Manures and fertilizers: If kharif crop is not manured with FYM, apply 8-10 t 
FYM/ha at time of preparation of the land. 

Fertilizers dose: 20  : 40 : 00 kg NPK/ha + 10 Kg S/ha should be applied at the time of 
land preparation. 

(viii) Irrigations:First irrigation should be given soon after sowing and subsequent 
irrigations should be given at 10 to 12 interval as required by the crop. 

(ix) Interculturing and weeding : Generally 2 to 3 hand weedings with 1 or 2 
interculturings are sufficient for keep the crop weed free. Apply pendimethalin @ 0.6 
Kg/ha as pre-emergence if labours are scare and costly.   

(x) Diseases:Powdery mildew 
(xi) Pests: Aphids and Jassids 
(xii) Harvesting:When pods turn brown and leaves become dry, the crop should be 

harvested early in the morning to avoid shattering of seeds pods (bursting). If climate 
is totally dry, spray water over the crop on previous day evening hours. 

Research Station: Jagudan 
Yield : 800 to 1000 kg/ha 
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CUMIN  
 
Botanical Name: Cuminum cyminum L. 
Family:  Umbelliferace 
Origin:   Egypt 

 

 
Geographical distribution 

In world scenario, its cultivation is largely confined to the countries of Egypt, India, Iraq 
and China. In India, the principal cumin growing states are Gujarat, Rajasthan, Uttar Pradesh, and 
Punjab. It is almost grown in all states except Assam and West Bengal. In Gujarat, its cultivation 
is predominantly in the districts of Mahesana, Banaskantha and Ahmedabad. It has got well 
adaptability in Saurashtra region because of its low water requirement and dry climate during its 
life period. Cumin is cultivated in Gujarat in about 60 to 80 thousand hectares with an annual 
production of about 30 to 40 thousand tonnes of cumin seeds. 
Economic importance 

Spices play an important role in human dietary because of their agreeable flavour and 
aroma to food and add greatly to the pleasure of eating. Cumin locally known as Jeeru is one of 
the important spice crops. Cumin helps in earning foreign exchange. Cumin seeds contain 
volatile oil ranging from 2.5 to 4.0 per cent. Indian cumin seeds are found to contain about 3.5 
per cent volatile oil by their weight. The chief constituent of the oils is cuminaldehyde (20-40 %) 
and is used in perfumery. Cumin oil has medicinal value and is also used in perfumery and for 
flavouring food and beverages. It is good medicine against digestive and intestinal upsets. As 
condiment, cumin is used in preparation of curries, bread, and pickles. Seeds are used in diarrhea. 
The aroma in seed is only due to cuminol. 
Soil requirements 

Sandy loam to medium black soils having good drainage capacity is suitable. The soil is 
prepared for sowing by one or two shallow tillage by harrow.  Stubbles of previous crop are 
collected and removed. Clods are broken and field is well leveled with the help of the plank. 
Small beds having the appropriate size (generally 6×3 m2) depending upon the slope of the soil 
are prepared. 
Climatic requirements 

It requires cool and dry climates. High humidity associated with cloudy weather is 
harmful and cause powdery mildew and blight diseases in cumin and yield is reduced. 
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Varieties: GC 1  & GC 2 ( Resistant to blight and having good quality ash colour seeds) 
GC 3 (Released for whole Gujarat, especially, for wilt affected areas of the state). 
GC 4 (Released for whole Gujarat, high yielding variety, resistant to wilt). 

Cultural practices 
(i) Land preparation: After harvesting of kharif crop 2 to 3 ploughings followed by 

harrowing just to make the upper surface clods smooth and friable. Thereafter, stubble 
and debris (plant residues) of the previous crop are collected and removed from the 
field and finally the land is levelled by planking. Bed size should be kept according to 
the source of irrigation, type of soil and slope of the filed. In sandy loam soil, bed 
should be prepared of 1.0.m wide and 5 to 10 cm long. In medium to heavy black soils, 
raised bed are prepared to avoid water accumulation in the root zone. 

(ii) Time of sowing:Sowing should be done in the second fortnight of October to first week 
of November. However, first week of November is optimum time for getting 
maximum benefit. 

(iii) Method of sowing: Cumin is sown by broadcasting or drilling. Broadcasted seeds are 
covered with the soil in the bed by rake and at this time care should be taken that seed 
should not be remained open and also do not go deep more than 1.0 cm in the soil. 

(iv) Spacing: For drilling 30 cm row spacing. 
In  Bhal and Coastal Agro-climatic Zone,  for cumin (GC 4) crop, broad bed of 90 

cm and furrow of 30 cm width should be prepared and sowing should be done  keeping 
seed rate @ 20 kg/ ha through broadcast. 

(v) Seed rate:15-20 kg seeds/ha 
(vi) Seed treatment: Seeds should be treated with Agrosan or Ceresan @ 3 g per kg of 

cumin seeds before sowing. For better germination, seeds should be soaked in water 
for 8 hours. 

(vii) Manures and fertilizers: Cumin being a short duration and shallow rooted crop, it is 
not necessary to apply FYM every year. However, in sandy soils having low fertility 
status, well decomposed FYM @ 10 t/ha should be applied. The chemical fertilizers 
dose is as under. 

Fertilizers dose  40 : 15 : 00 kg NPK/ha. 
Basal                 13.3 : 15 : 00 kg NPK/ha 
Top dressing     13.3 kg N/ha after 8-10 DAS 
                          13.3 kg N/ha after 30  DAS 
              In Bhal and Coastal agro-climatic zone-VIII, cumin (GC 4) should be sown on 

broad bed and furrow and 30 kg N + 30 kg P2O5 /ha as basal and 30 kg N/ha as top 
dressing should be applied  at 30 DAS. 

(viii) Irrigations:Cumin crop requires 3 to 5 irrigations according to the soil and climatic 
conditions. Irrigation should be given on cloud free days. First light irrigation should 
be given just after sowing for uniform germination so that seed may not carry away 
with irrigation water and gathered at one place in the bed. Second irrigation should be 
given at 10 days after germination; while third irrigation at 30 to 35 days, fourth 
irrigation at flowering time i.e. 45 to 50 days and last irrigation should be given at 80 
days of sowing. At the most, five irrigations are enough in cumin crop. 
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(ix) Interculturing and weeding :In north and south Gujarat, two hand weeding at 15 and 
30 DAS, keep the crop weed free for about 45 days or apply oxadiargyl 75 g/ha (6 EC 
25 ml/10 lit) as early post-emergence application at 7 DAS followed by hand weeding 
at 45 DAS for effective weed management (Junagadh-2015). 

(x) Diseases: Blight, wilt and powdery mildew 
(xi) Pests: Cumin aphid, thrips, leaf eating cater piller, Gram Pod borer 
(xii) Harvesting:The crop is ready for harvest after 105 to 115 days. The plants are 

uprooted early in the morning when plants are damp with night dew to avoid shattering 
of seeds. Harvested plants are dried under sunlight for 2 to 3 days on threshing floor. 
Then threshing is done by beating the dried plants with sticks. For better prices, seeds 
should be graded. 

(xiii) Intercropping: In North Gujarat Agroclimatic Zone-IV, ajwain should be grown as 
intercrop in cuminwith 4:1 raw arrangement taking a cut of ajwain at 45 days after 
sowing for getting higher yield and net return. 

Research Station: Jagudan 
Yield :800 to 1200 kg/ha 
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CHICORY 
Botanical Name :.Cicorium intybus L. 
Family: Asteraceae or Compositae 
Origin :Europe and Asia 

 

There are mainly three subspecies of C. intybus. 

(a) C. intybus L. var. foliosum (Hegi) Bisch: It is known as salad chicory which includes three 
types of this plant: witloof, sugarloaf and radicchio chicory (red chicory). 

 (b) C. intybus L. var. silvestre Bisch: It is known as wild red variety have been used in New 
Zealand 

 (c) C. intybus L. var. sativus Bishoff : It is commonly known as Belgian endive 
Geographical distribution 

This crop is widely cultivated in a number of temperate regions around the world 
including South Africa but has its origins in Europe, Central Russia, Western Asia, and also 
found in Egypt and North America. The genus Cichorium consists of six species with major 
distribution are as in Europe and Asia. It is cultivated in countries such as the UK, Belgium, 
France, Netherland, Germany, SouthAfrica, USA and India. It is also known as common chicory, 
blue sailor's succor and witloof. It is native to the temperate parts of the Old World and is found 
wild in India in the Punjab and Andhra Pradesh regions. It is also cultivated in Bihar, Gujarat, 
Himachal Pradesh and Tamil Nadu. Chicory has been successfully cultivated in India since 1918 
atCoimbatore and subsequently Nilgiris in Tamil Nadu and at Bharuch,  Amalsad and Jamnagar in 
Gujarat. The crop is cultivated in few states, mainly Uttar Pradesh and Gujarat. These two 
account for 97 per cent of the total production of chicory in India. It is the climate (or soil) which 
favours chicory in these States. Initially, chicory seed was imported into India, but now it is 
successfully produced locally. Commercial seed production is undertaken in Jammu and Kashmir, 
temperate areas of Himachal Pradesh and some hilly regions of Uttar Pradesh. The agroclimatic  
conditions of these dry temperate areas are conducive to quality seed production. In India, the first 
crop of chicory was taken by Jamnagar's farmer shri Jethabhai Kesvala on demand of Brooke 
Bond Company in 1956.  
Economic importance 

As a medicinal plant, chicory is often recommended for jaundice and for spleen problems. 
The juice of the leaves and a tea made from the flowering plant promote the production of bile, 
the release of gall stone, and elimination of excessive internal mucous. They are also useful for 

https://www.business-standard.com/search?type=news&q=chicory
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gastritis, lack of appetite, and digestive difficulties. A decoction of the rootstock is said to be 
beneficial to the glandular organs of the digestive system. 

The aerial parts and leaves of this plant are used to prepare salads and soups. The aerial 
parts can be fried with egg and are eaten with seasoned olive oil. It is widely used for pasta sauce. 
Leaves are used as infusions for anemia and digestive disorders. Its flowers have cholagogic 
activity and are also used in washing the skin, cooling and conditioning. Seed extract of chicory 
showed the highest antioxidant capacity compared to extract from the leaves and roots. Root is 
used as infusion to clear the organism and to stimulate appetite. The roots of some types are used 
as a substitute for coffee. The root is also used as a gum. 

After being introduced in India, the process of adding chicory to coffee took hold and an 
amount of between 20% to 45% chicory became common. Benefits of chicory for the coffee 
drinker were found to be plenty such as: 
 (a) Improving digestion – the inulin in chicory is a probiotic that eases many intestinal and 

digestive issues, such as heartburn or reflux and constipation. 
(b) Antioxidant properties – according to the 2011 study, ‘Phytotherapy research’, chicory can 

help combat thrombosis and inflammation. 
(c) Nourishment – the chicory root contains vitamins C, K, choline and beta caretone, allowing 

you to boost your intake of these nutrients with your morning coffee. 
Soil requirements: 

Chicory prefers fertile, well-drained soils rich inorganic matter for best growth. Loam, silt 
loam and clay loam soils often out-yield the lighter textured sandy soils as the latter have lower 
water retention ability and the crop suffers moisture stress sooner. Heavy clay soils are unsuitable 
as difficulty is experienced in lifting and cleaning the roots and yields are lower. 
Climatic requirements 

Chicory is a cool season plant. It grows most rapidly when conditions are warm and the 
mean monthly temperature does not exceed 25 °C. It grows more slowly with a decrease in 
temperature and it is not damaged by moderate frost but severe frost kills the foliage. Long days 
and abundant sunlight promote rapid growth. When raised for roots, chicory requires a hot and 
humid climate and is mostly cultivated in southern regions; however, when raised for seeds, the 
crop is grown in regions with a dry temperate climate. Chicory is a hardy plant and can tolerate 
extreme temperatures during its vegetative and reproductive phases of growth. 
Varieties: Lucknow Local, Radicchio 
Cultural practices: 
(i) Land preparation: The land should lie fallow for 2 to 4 months before planting by ploughing 
to a depth of about 22–86 cm and cultivate periodically with a tined or disc implement. Tillage 
should be done parallel to the contour banks in order to minimize water run-off and erosion. The 
seedbed should be well prepared, that is, friable yet compact enough so that the seed will be 
placed in close contact with moist soil particles and free off trash and vegetation that would 
interfere with the seedling. 
(ii) Time of sowing: The date of planting is one of the most important factors affecting the 
performance of both chicory stecklings and seed crops. The seed for raising stecklings is sown  in 
June in temperate zones of northern India. The stecklings are ready in November for storage. After 
over wintering for 3-4months at 3-8°C,the stecklings become fit for replanting in March-April for 
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the seed crop. In southern states of India the seed (3 to 5 kg/ha) is sown in October to November 
and the crop is ready for coffee blending in March. If planted early, the plants begin to flower 
early and tuber formation is adversely affected. The seed is very small and hence is mixed with 
fine sand and drilled in lines of 30 cm apart. The optimum depth for better germination is 3 – 5 
cm. 
(iii) Method of sowing: Ensure that the land lies fallow for two to four months before planting. 
Make the seedbed sufficiently compact so that the seed is in close contact with moist soil 
particles. Remove vegetation that could interfere with the seedling.  Seeded witloof may be 
planted three to four weeks before the last frost-free date for the growing area. 
(iv) Spacing:  30 cm 
(v) Seed rate: 4–5 kg/ha (seed size 830,000/kg). 
 (vi) Manures and fertilizers: 
  Farm yard manure at the rate of 20-25 t/ha 

For the steckling crop, application of nitrogen at levels of 60, 80 and 100 kg/ha at the time 
of seed sowing, after thinning (30 days after germination) and at the roo tformation stage 
respectively is recommended. For the seed crop, nitrogen doses of 80, 120 and 160kg/ha applied 
before transplanting, at the bolting stage and at the pre-flowering stage respectively give higher 
seed/root yields. 

Chicory has a high requirement of potash for both root and seed crops. Since the soils are very 
poor in potash, an application of potash at 60 – 70 kg/ha for the root crop and 80 - 100kg/ha for 
the seed crop will yield better results. 

(viii) Irrigations: After sowing, the whole area is irrigated upto 5cm below the ridge level. In 
unirrigated lands the plants are watered on alternate days for the first week. Once the plants are 
established, irrigation can be reduced. Water requirements depend on soil type and temperature. 
Moisture is the main environmental factor affecting production. The seedling is sensitive to 
moisture stress and hot desiccating wind can cause severe stand reductions when the moisture 
content of the top 15 cm of soil is low. Once the crop has developed a root of approximately 
pencil thickness, it is drought tolerant as it ceases growth during periods of moisture stress. Most 
of the foliage may die back under severely dry conditions, but the plant recommences growth and 
develops new foliage as soon as soil moisture becomes favourable. 

Water chicory regularly to maintain a uniform moist soil, applying 2,5 to 5 mm per week. 
Using organic mulch around the plant also helps to conserve soil moisture and reduce weed 
growth. Drought stress during growth will cause slow leaf development and bitter flavours to 
develop.  
(ix) Interculturing and weeding: Closely spaced plants will help control weeds. Shallow inter-
row cultivation using animal or tractor drawn cultivators coupled with hand-hoeing in the row are 
the usual methods of controlling weeds. Cultivate at shallow depth to avoid root damage and 
ensure uninterrupted plant growth. Weeds can also be controlled chemically 
(x) Diseases: The main diseases of chicory are Sclerotinia  rot, charcoal rot  and leaf spot 
(xi) Pests: Aphids and nematodes 
(xii) Harvesting: To obtain roots of a large size, the soil must be rich, light, and well manured. 
The chicory plant continues to flower for a long time. Therefore it is most important to determine 
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its appropriate harvesting stage and curing. Maturity is indicated by browning of the 
plant.When70 to 75 per cent capitula are mature on the older branches, the whole plant is pulled 
out or the crop is harvested with the help of sickles. 

In the light soils the crop is generally ready for lifting 120 – 135 days after sowing, while 
it may take nearly a fortnight more in heavier soils. After the crop has attained maturity,it should 
be lifted as soon as possible. The roots are lifted with the help of a fork  or spade. The tops of the 
plants are removed and the roots are washed and cut into small pieces of 1 cm thickness. It is 
important to slice the roots immediately after lifting, as they contain a high percentage of sugar 
which is apt to ferment and affect the flavor and taste of chicory. 
 
Yield : 

About 20 t wet roots/ha is considered a good yield. In the small southern Indian town of 
Coimbatore, under irrigated conditions, crop yields of about 37.5 t/ha have been reported. 
Exceptional yields of upto 50 t/ha can be expected on well-cultivated and manured land. 

Processing: Soon after harvest, roots that are bitter and mucilaginous are washed and cut into 
slices and dried. The roots are either sundried or kiln dried. Although sun dried roots have a better 
appearance, kiln drying is more efficient and is preferred. The dried roots are graded into four 
sizes before roasting so that uniform roasting is ensured. Roasting is done for 30 minutes in hot 
rotating iron cylinders. Small quantities of oil, butter or clarified butter (0.9 kg per 50 kg chicory) 
are added to the roots during roasting to improve the flavor and colour of chicory. During roasting, 
the sugars are caramelised, thereby increasing the histidine bases. These changes are responsible 
for the characteristic flavor of the roasted product. The roasted root pieces are handpicked to 
remove foreign matter and then powdered. This powder is the final product used for blending and 
flavouring coffee.(Table 1 & 2) 
               Table 1: Requirements for roasted chicory powder 

Sr. No. Characteristic Requirement (%) 
1 Moisture 10.0 
2 Total ash 3.5 - 8.0 
3 Acid-insoluble ash 1.0 

4 Water-soluble matter 6.0 

                                      
            Table 2: Requirements for soluble coffee–chicory powder 

Sr. No. Characteristic Requirement (%) 

1 Moisture 4.0 

2 Total ash 7.0 - 10.0 

3 Caffeine 1.4 

4 Solubility in boiling water Dissolves readily in 30 seconds 
with moderate stirring 

--- x --- 
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