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Exercise: 1                   

Identification of kharif crops and seeds 

Introduction 

Crops and seeds are too often confuses a student, particularly different varieties of a 

crop, if he/she does not have proper acquaintance previously. Similarities in morphological 

characters like plant stature, size of the ear head, colour and size of the seed leads to lot of 

confusion especially for those not having farming back ground or lack of exposure to such 

crops and seeds. Therefore maintenance of the crop cafeteria (crop museum) is a mandatory 

for each college farm. 

In crop cafeteria different crops are sown. In each instructional farm (college farm/ 

students farm) a piece of land is meant for raising crop cafeteria which includes different 

crops with recommended package of practices for student instructional purpose 

(identification).  

Different types of field crops like cereals, pulses, oil seeds, commercial crops, fibers etc. 

are grown in limited area considering the season of growing at a time with the purpose of 

studying detail characteristics and demonstration is called crop cafeteria. This crop cafeteria 

serves as an important guide to the students and farmers to know the important characteristics 

of different kharif crops and offering an opportunity to choose suitable crop or crops. 

Objectives: 

 (1)  To know the crop growth stages of different crops viz. germination stage, tillering 

stage, flowering stage, maturity stage etc. 

  (2)  To know the life period of different crops. 

  (3)  To know the periodical growth habit of the crops viz. height and width of crop plants.  

  (4)  To know the different stages at which the crops are affected by insects, pests, and 

diseases and nature of damage. 

  (5)  To know the climatic effect on different kharif crops. 

  (6)  To know the method of the sowing, seed rate, fertilizer and irrigation requirement, 

maturity and time of harvesting.  

(7)  To identify two similar crops at initial stage of the crop growth e.g. sorghum and 

pearlmillet. 



Material required 

Crop museum (crop cafeteria), seed museum 

Procedure 

Visit the students' farm/college farm; observe the existing crops, their morphological characters for easy identification. 

Sr.No. Name of crops Botanical Name Family Varieties 

(A) Cereals and Millets 

1 Rice Oryza sativa Gramineae (Poaceae) Jaya, Gurjari, GR 3,GR 4, GR 7,GR 11, GR 103, IR 22, 

IR 28,Gujarat Anand Rice 13 (GAR 13),NAU R 1,GNR 

2,GNR 3,GNR 4(Bio fortified for high iron and dietary 

fiber content), GNR 5 (Salt resistant),GNR 6 

2 Maize Zea mays Gramineae (Poaceae) Gujarat Maize 2,GM 4,GM 6,Narmada moti,Madhuri 

(Sweet corn),Vin orange (Sweet corn), Amber 

(Popcorn),GAYMH 1,GAWMH 2 , HQPM 1( For quality 

protein) 

3 Sorghum Sorghum bicolor Gramineae (Poaceae) CSH1, CSH5, CSH6, CSH 8, CSH 13, GJ 8, GJ 9,   GJ 

35, GJ 36, GJ37, GJ38, GJ39, GJ40, GJ41,GJ 42, BC 9 

(Striga resistant), 

Gundari,Solapuri,C-10-2 

4 Pearl millet Pennisetum glaucum Gramineae (Poaceae) GHB 558,GHB 538, GHB 719, GHB 732, GHB 744, 

GHB 757,GHB 905 

For summer: GHB 526, GHB 538,GHB 558 

5 Vari Penicum miliare Gramineae (Poaceae) Gujarat Vari.1, Gujarat Vari.2, Gujarat Navsari Vari.3 

6 Kodomillet Paspalum 

scrobicalatum 

Gramineae (Poaceae) Gujarat kodra 1, Gujarat kodra 2, 

GPUK 3 

7 Finger 

millet 

Eleusine  coracana Gramineae (Poaceae) Guj.Nagli 1, Guj.Nagli 2, Guj.Nagli 3, Guj.Nagli 4, 

Guj.Nagli 5, Guj.NavsariNagli 6, GNN 7,GNN 8 



(B) Pulses 

1 Pigeonpea Cajanus cajan 

 

Leguminosae BDN 2, GT 100, GT 101,GT 103, ICPL 87, ICPH 8, GT 1, C 

11, Manak,SVT 1,Banas 

2 Greengram Phaseolus aureus Leguminosae Gujarat moong 3and 4, K 851, GAM 5, GAN 6,Guj.Black 

Moong 1 (NAU)  

3 Blackgram Phaseolus mungo Leguminosae T 9, TPU 4, Pusa 1,Guj.Urd 1  

4 Clusterbean Cyamopsis  

tetragonoloba 

Leguminosae GG 1, GG 2 

5 Cowpea Vigna unguiculata Leguminosae Pusa falguni, Gujarat Cowpea 3,4,5and 6 , Pusa 152, AVCP 1 

(C) Oilseeds 

1 Groundnut Arachis hypogaea Leguminosae GG 2, GG 5,GG11, GG12, GG20, GG13, GJG-HPS 1,GJG 

9,GJG 22,TAG 24, TG 26,TG 37 A,TPG 41 

2 Castor Ricinuscommunis Euphorbiaceae GC3, GAUCH1, GCH 2, GCH 4, GCH 5, GCH 6,GCH 

8,GNCH 1,GC 101 

3 Sesame Sesamum indium Pedaliaceae Gujarat Til 1,Gujarat Til 2,Purvatil1 

4 Soybean Glycine max Leguminosae or 

Fabaceae 

Gujarat Soybean 1,2,3, Shilajeet,ClarkJS 335, NRC 37, 

NRC 47 

5 Sunflower Helianthus annus Asteraceae Co.1, Modern, EC68413, EC68414, EC 68415, APSH11, 

KSFH1, TNAU SUF 7, Gujarat Sunflower 1,  

(D) Fiber crops 

1 Cotton Gossypium hirsutum Malvaceae  Bt. Cotton : G. Cot. Hy.6 ,8,10,12 and GTHH 49 

Desi cotton :V797, G.Cot. 13, G.cot. 21, Anand Desi Cotton 1 

2 Jute Corchorus olitorius 

(Native Africa)Corchorus 

capsularia (Native Indo 

Burma) 

Tiliaceae - 



(E) Forage crops 

1 Sorghum Sorghum vulgare Gramineae (Poaceae) For single cut  : S 1049, C 10 -2, GFS 3 (IA 5026), GFS 

4,GFS 5, GAFS 11&12  

 For multi cuts :  M.P.Chari, SSG 59-3, Pioneer 

hybrid,GFSH 1(AS 16),Harasona,                                      

Safed moti, COFS 29  

2 Cowpea Vigna sinensis Leguminosae GFC 1,GFC 2,GFC 3,GFC 4,EC4216 

3 Napier hybrid Pennisetum purpureum Gramineae (Poaceae) APBN 1, BNH 10, CO 3 

4 Fodder 

maize 

Zea mays Gramineae (Poaceae) Ganga 5, Ganga Safed 2, Farm Sameri,African tall, 

Guj.Maize 1, Guj.Maize 2, Guj.Maize 3, Guj.Maize 4,   

Guj.Maize 6 

(F) Cash crop 

1 Bidi tobacco Nicotianatabacum Solanaceae A 2, A 119, GT 5, GT 9, MRGTH 1, 

ABT 10 (Nematodes resistance)  

GAB T 11, 

For unirrigated areas : GT 4,GT 7 

Rustica tobacco: GC 1, GC 2, GC 3, DCT 4 

(G) Green manure crops 

1 Sunnhemp Crotolaria juncea Leguminosae K 12,M19,M35, ST 35, Nalandasanni 

2 Dhaincha Sesbania aculeata 

Sesbania rostrata 

- - 

 



Identification of Kharif season crop plants and seeds  

      

Plants Seed Plants Seed Plants Seed 

Rice Maize Sorghum 

      

Plants Seed Plants Seed Plants Seed 

Pearlmillet Fingermillet Kodomillet 

   

 

   

Plants Seed Plants Seed Plants Seed 

Pigeonpea/Redgram Mungbean/Greengram Urdbean/ Blackgram 



      

Plants Seed Plants Seed Plants Seed 

Clusterbean Cowpea Groundnut 

      

Plants Seed Plants Seed Plants Seed 

Castor Sunflower Sesamum 

    

Plants Seed Plants Seed 

Cotton Sunnhemp 

 

 

*********** 

 

 

 

 

 



Exercise: 2   

                      Field lay-out of different methods of rice nursery including SRI 

Objectives: 

1. To know different methods of raising nurseries for rice crop planted through 

transplanting. 

2. To obtain healthy and robust seedlings to transplant in time for better yield. 

Rice has small sized seeds and soft seeds, if sown directly in the field, it will  not give 

uniform and satisfactory germination. To avoid such difficulty, the seeds are not 

directly sown in the field but seedlings are raised in the nursery with special care and 

later on they are transplanted in the field.  A nursery of succeeding crop is prepared to 

avoid its delay sowing in case of late harvesting of preceding crop. For example, 

seedlings of rice are raised in nursery for summer cultivation.  In cases of hybrid 

seeds require in large quantity, where seed material is costly or in limited quantity, 

crop is grown in raised nursery.  

Selection of Nursery site:  

• It is desirable that the nursery site is changed every year to  minimise the incidence of 

diseases, pests and weeds.  

•  Soils of nursery area having good water retention capacity with good amount clay 

and O.M., well drained, on high elevation to drain excess water.  

• It should be near to source of irrigation  

• Away from shade of tree. 

Wet nursery: 

Seed and seed treatment: 

➢ Select the certified seed for sowing 

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

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

➢ Dry seed treatment:Seeds should be treated with thiram or carbendazim 25 S.D. @ 3 

g/kg seed. 

➢ Wet seed treatment:Soak the seeds (25 kg ) in streptocycline@ 6g/24 lit water for 10 

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

 

 

 



Nursery 

➢ Select the well-drained and levelled field having better irrigation facilities 

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

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

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

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

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

beds should be kept according to the slope of nursery.  

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

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

sides to facilitate easy drainage of water. 
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➢ Apply the manures and fertilizers as below  

Sr. 

No. 
Fertilizer application For 10 sq.m.of bed 

For 1000 sq. m. (10 

Guntha) of nursery 

area 

1 Basal : 

Well decomposed F.Y.M. 

castor cake 

Ammonium Sulphate 

Single Super Phosphate 

 

20.000 kg 

 1.000 kg 

 0.250 kg 

 0.500 kg 

 

2000 kg 

100 kg 

  25 kg 

  50 kg 

2 Top dressing : ( 15 DAS ) 

Ammonium Sulphate 

 

 0.250 kg 

 

  25 kg 

 



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

germination of seeds. 

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

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

of weeds.  

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

➢ After care should be taken for plant protection measures.  

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

Sr. 

No. 

 

Seasons 

Time of seeding 

in nursery 

T.P. time 

in field 

Age of 

seedlings 

1 Kharif First fortnight of June First fortnight of 

July  

25-30 days 

2 Summer Last week of November to  

First week of December   

First fortnight of 

February 

50-55 days 

 

Dapog Nursery:  

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

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

with polyhtene sheets or banana leaves. 

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

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

be planted. 

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

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

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

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

prevents drying. 

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

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

slender and short in height. 

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

seedlings sufficient for planting one hectare. 

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

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

• Loosen the interlocked roots carefully before  transplanting. 



Details of SRI Technology 

System of Rice Intensification (SRI) was first developed in MEDAGASKAR in 

1980, s.  

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

➢ Large root volume 

➢ Profuse and strong tillers 

➢ Non loding 

➢ More and well filled spikelets with higher grain weight 

*********** 

 

 

 

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

2.   Suitable varieties  

      3.   Seed rate                         

      4.  Nursery raising  

 

 

 

 

5.  Age of seedling 

: 

: 

: 

: 

: 

Any variety / hybrid 

5 kg seed /ha  

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

sprouted se seeds and cover with them with layer of fine 

manure.Seed bed 1   should be mulched with paddy straw. 

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

transplant one hectare 

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

6. Transplanting : 

 

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

of the seedling should not be disturbed. Transplanting 

should be done a day after puddling the field having no 

standing water. Transplanting should be done from last 

fortnight of June to  First fortnight of July. 

6.Nutrient Management 

Fertilizer dose 

: 25 % RDN through chemical fertilizer and remain 75 % 

through organic manure   

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

after mixing with 50 kg well decomposed & sieved FYM, 

broadcast it equally at the time of transplanting. 

      7. Weed Control : Use cono-weeder/ rotary weeder 4 times at an interval of 10 

DATP for weed control. 

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

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

(5 cm) from 50 % flowering to maturity stage.Water should 

be drained 10-15 days before harvesting. 

 

 

 

 

 

 

15 days proor to   

 

 

 

 



Exercise: 3 

Seed treatment and sowing of major crops 

 

Objectives: 

1. To know the different methods of seed treatment. 

2. To study about different seed treatment to different field crops. 

3. To know the importance of seed treatment. 

4.  To acquire skill in seed treatment. 

The improved seeds play an important role in increasing the crop production. 

Similarly, the seed treatment is also equally important to boost up the crop yield. Seed 

treatment is low cost input and the monetary returns realized due to seed treatment are 

comparatively higher as compared to other inputs in crop production.   

Seed treatment refers to the application of fungicide, insecticide, or a combination of 

both, to seeds before sowing for various purposes to control insects, pests, diseases, 

improving germination, atmospheric nitrogen fixation and inducing the initial root growth of 

crop. 

Purposes of seed treatment: 

1. Easy sowing: 

 When the seed contain fuzzes and cannot be separated from each other at the time of 

sowing, the physical or chemical method of seed treatment is used for easy sowing. e g. 

Cotton seed 

2. Uniform distribution of seeds during sowing: 

 When the seeds are small in size and light in weight, it is difficult to      sow the seeds 

and maintaining uniform plant population. Therefore, the seeds are mixed either with sand or 

powder of oil seed cake or FYM. e.g. Sesame and Rajgira seeds. 

3. Seed treatment for improving germination: 

Some crops have hard seed coat or hard layer over the seeds and ultimately, it takes 

more time for germination. Soaking the seeds in water before sowing will improve the 

germination percentage. Duration of soaking depends on the nature of the seed coat.  e.g. 

soaking of paddy seeds for  12 hours in water and drying of seed under shade for 4-5 hrs. 

4. To prevent the effect of pests:  

Some of the seed material carries eggs of insects and pests in dormant condition or the 

pest itself is in the dormant condition in the soil. After sowing of the crop, the pests become 



active and start to damage the seed and seedling, hence the seed treatment is necessary 

against the pests e.g. termites. 

5.  To prevent the seed borne and soil borne diseases:  

 In case of seed borne diseases, the pathogens are carried either on surface of the seed 

within it. When pathogen externally present, may be destroyed by treating the seeds with 

chemical viz, captan, thirum and agrosan etc. If pathogens are present internally in the  seed, 

the hot water treatment is effective. 

6. Microbial culture treatment to maximize the yield: 

 Pulses crop have ability to fix the atmospheric nitrogen through root nodules which 

used by crop plant. Similarly, in cereal crops free living bacteria fix the N2 in soil. The seeds 

of legumes/ cereals are inoculated with effective bacterial culture for better N2 fixation the in 

soil. e.g. rhizobium cultural used in pulses and Azatobecter and Azospirillum culture for 

cereals. 

7. To reduced the seed rate: 

 To reduce the seed rate coriander seeds are rubbed and spited in two halves and these 

two halves should be sown for easy germination and optimum plant population. 

8. To induce the genetic variation: 

By genetic variation plant breeder can obtain disease resistant variety through the seed 

treatment create fundamental change in colour, taste, quality etc, By mutation, inducing 

variation in the progeny by X- rays and gama rays. 

9. To break the seed dormancy: 

 Dormancy is a resting period of crop seeds during that time plant completes its 

physiological process. If temperature and moisture are appropriate for seed germination even 

though seeds cannot be germinate. For that, seeds should treat with chemical. e.g ethanol is 

used in spreading variety of groundnuttobreak the seed dormancy. 

10. To safe seed storage: 

 Sun drying reduce the moisture content of seeds. For safe storage of seeds the  

moisture per cent should be 8-10 %. If the moisture content is more than 8-10 %, there is a 

chance of diseases and pests for spoiling the seeds. So, seeds should be treated with some 

pesticides or Neem leaves for safe storage.  

11. Seed hardening: 

 The seed hardening may be done for inducing tolerance to adverse weather and soil 

condition such as drought, frost, cold, salt etc. By dipping in to a solution of chemical, such 

as potassium chloride, potassium nitrate and calcium chloride. 



Equipments used for seed treatment : 

1) Slurry Treater  2) Direct Treater  3) Grain auger  4) Home- made drum mixer  5) Shovel 

Methods of seed treatment: 

1. Rotary seed dressing drum: 

 The fungicide may be applied to small lot of seeds with rotary seed dresser. Sometimes 

it may be applied in large quantity of seeds also. In this method, the rotary seed dresser is 

filled up to 2/3 part with seeds and with required quantity of fungicide. The rotary seed 

dresser is rotated 10-15 minutes with jack in slow motion. Generally, the seeds of 

cereals, legumes and oil seeds are treated by this method. 

2. Planter or Hopper box method: 

 The required quantity of fungicide is mixed with the seed planter or hopper box of seed 

drill at the time of sowing. The advantages of this method are that only required quantity 

of seed is used and rest of the seeds may be used for other purposes. 

3.  Earthen pot method: 

 This is a local method used, where rotary seed dresser is not available and seed is in 

small quantity. In this method, pot is filled up to 2/3 part with seeds and with required 

quantity of fungicide, shakes it well for 10 minutes to make seeds ready for sowing. 

4. Seed treatment by plastic or paper bag: 

 When the seeds are costly and in small quantity, seed treatment may be applied by 

plastic or paper bag. The required quantity of fungicide is mixed with seed in plastic or 

paper bag and treated seeds are then used for sowing. 

5.  Slurry methods: 

 The required quantity of wettable power is mixed with water and make in to slurry. 

When the treatment is to be made on larger scale, the slurry method is applied with 

automatic machinery generally by private- seed growers, government seed farms and 

Seed Corporation. But when the seeds are to be mixed in small quantity, it is done 

manually, such as legume seed treatment with rhizobium culture. 

6. Soaking seeds/ Dipping roots of seedling: 

 This method is generally adopted vegetatively propagated seed material e.g. sugarcane, 

potato etc. Some times seeds are also soaked e.g legumes seeds. In some cases, roots of 

crop seedling are dipped in the fungicidal solution. In this method, required quantity of 

fungicide is dissolved in water to make the solution of desired concentration. The seed 

material is soaked in the solution for specific time and dried in shade and used for 

sowing/ planting.  



Seed treatment for different field crops: 

Sugarcane: 

For the control of Mealy bug and scale insects:  Setts should be dipped in the 0.1 % solution 

of Melathion for five minutes before use. 

            For seed borne and soil borne diseases : After giving the above treatment, sugarcane 

settsare dipped into 0.5  % solution (500 gm in 100 litres of water) of Aretan or Amisan or 

Agallol or Seresan for 5 minutes before planting.If these chemicals are not available, the seed    

setts are treated with Thiram or Captan. 

            For better germination: a. Setts should be dipped in 0.5 kg of quick lime in 200 liters 

of water for 12 hours for softening of the eyes.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).  

Tobacco : 

For uniform distribution of seeds at sowing  seed should be mixed with fine sand or oilseed 

cake or FYM. 

Cotton: 

Physical method: due to fuze seeds should be rubbed in cow dung slurry/ earth soil for easy 

sowing. 

Chemical Method: Acid delinting of cotton seed @ 1 kg of commercial sulphuric acid with 

10 kg of seeds, kept 2-3 minute in 10 liters of water, wash the seeds with fresh water for 2-3 

times. Treat the seeds with Thiram /Carbendazim @ 2-3 gm kg seeds. 

Ground nut:  

For white grub: Treat the seeds with Chlorpyriphos @ 25 ml /kg seeds  

For collar rot and root rot: Treat the seeds with fungicide like Thiram/ Captan/ Mencozeb @ 

3 gm/ kg of seeds 

Sesame: 

For uniform distribution at sowing:  Seed should be mixed with fine sand or oilseed cake or 

FYM 

For leaf spot and bacterial blight: Applied hot water treatment at 52 0c  for 10 minutes or 

Treat the seed with Thirum /Captan  @ 3 gm/kg of seed 

 

 



Castor: 

For hastening the germination: Soaking the seeds in water for 12-14 hrs before sowing  

For root rot and alternaria blight: Treat the seed with Thiram or Ceresan@ 3 gm/ kg of seeds. 

Paddy: 

For the selection of bold seed: Soak the seeds in to 3.0 % salt solution and remove the 

unfilled seeds by draining the water, after that wash out the seeds with fresh water and dry it 

under shade. 

For dormancy: Give heat treatment. For that, exposure of seeds  which has 11-12 % moisture 

to a temperature of 47-50 0cfor 4-7 days. 

For Stem rot, Foot rot and Brown spot: Treat the seeds with Agrosan @ 2-3 g/ kg of seeds. 

For bacterial leaf blight: Soaking in 0.1 % streptocyclin (100 ppm) + wet dressing of Agrosan 

or Ceresan& Azotobacter or Azospirillum culture treatment. 

Pearl millet:  

For the selection of bold seeds: Soaking of seed in to salt solution  and after that, wash the 

seeds with fresh water for 2-3 times, dry in the shade and use for sowing. 

For ergot and smut: Treat the seeds with organo - mercurial fungicide like Agrosan / Cerasan 

@ 3 gm /kg  of seeds.  

For downey mildew, Apron @ 6 gm/kg of seeds. 

Sorghum:  

For False smut: 4-6 gm Sulphur or organo- mercurial fungicide like Agrosan / Cerasan @ 3 

gm /kg  of seeds. 

For stem borer : Carbofuran 3 G @ 100 gm/ 1 kg of seeds. 

Maize: 

For seedling blight: Agrosan / Cerasan @ 3 gm /kg  of seeds.  

Pulses: (Gram, Pigeon pea, Green gram, Black gram, Cluster bean, Kidney bean  Indian 

bean, Pea and Rajmashetc)  

Seed borne and fungal diseases: Agrosan / Cerasan/ Captan @ 3 gm / kg  of seeds.  

For atmospheric nitrogen fixation: Seeds inoculation with Rhizobium and PSB @ one packet 

(250 gm) / 8-10 kg seeds of each culture.   

 

Objectives of methods of sowing : 

• To achieve uniformity in distribution of seeds. 

• To sow the seeds at desired seed rate and  inter-row and intra-row spacing 



• To maintain the depth of seed placement. 

• To provide proper compaction over the seed. 

The methods include broadcasting manually, opening furrows by a country plough and 

dropping seeds by hand i.e. behind the plough, drilling, dibbling. zero tillage technique and 

transplanting of seedlings.  

1.Broadcasting: 

•              In this method the seeds are broadcast and then covered with the help of  harrowing. 

However, the seeds are not uniformly distributed in the field. This method of sowing is very 

insufficient and should not be encouraged. Germination of broadcast seeds is relatively poor and 

the plant stand is often irregular. Wastage of seeds because,  most of the seeds are left on the 

surface which can not germinate and may picked up and eaten by birds.  

2. Behind Local Plough: 

•               A majority of farmers uses this method. This method consists of dropping the seeds by 

hand into the furrows opened with local plough at a depth of 5-6 centimeters.  When seeds are 

dropped in furrows by hand, it is called 'kera' method and when it is dropped through a Pora or 

Naior Hazaraa special attachment with local plough it is called 'Pora' method.  Germination is 

satisfactory in this method.  

•  

3.Drilling: 

•               In this method seeds are sown by seed drill or seed cum fertilizer drill. With the help of 

this implement seeds drop at proper depth, placement of fertilizers and results in uniform 



germination with regular plant stand. Seed bed should be fine and well leveled, free from clods 

and weeds for the use of this implement. Seed drills are easily available in the market. They may 

be either bullock driven or tractor driven.  

4.Zero tillage technique:  

             This new method is used in Rice-Wheat cropping system where showing of wheat is 

delayed due to preparation of field, uncertain rainfall and rice harvesting with traditional method. 

Puddling in transplanted rice creates a hard pan in the field. After harvesting of rice crop, field 

requires at least 6-8 tillage operations in ploughing and harrowing for sowing of wheat, in which 

generally 10-15 days are required for proper field preparation. A Zero-till-fertizer-seed-drill has 

been developed at G.B.Pant University of Agriculture and Technology, Pantnagar by which 

direct sowing of wheat is done in Rice field without ploughing. This helps advancing the sowing 

of wheat as the time required for field preparation is saved. At the time of sowing there should be 

proper moisture in the field.  

5. Diblling: 

             This method is used when quantity of seed is limited. Sowing is done with the help of 

dibble. This method cannot be commercialized because it is time consuming and labour 

intensive. 

6. FIRB: 

                  The Furrow Irrigated Raised Bed (FIRB) system has been developed and is being 

promoted by the by the Rice- Wheat Consortium of GIAR Institute. In this method wheat is 

sown on raised beds accommodating 2-3 rows of wheat. Between the beds are furrows that are 

used for irrigation. 

 

                                        Machine making raised bed – furrow system 

The benefit of overlapping technology under FIRB is that sugarcane is planted at the optimum 

time i.e. in the month of February. 

 



Tobacco 

• Tobacco seedlings are transplanted. The field is line marked with the help of iron or 

wooden marker at 90 cm apart.  

• The furrows are opened with the help of plough as per the line marked in field.  

• There after cross marking at 60 cm distance is done at the right angle to the opened 

furrows.   

• Seedlings are transplanted at cross mark at the hedge of the furrow to avoid seeding rot 

and uprooting of the seedlings due to heavy flow of rainwater.  

• If there is no rain, the line-marked field is irrigated in furrows in the morning and cross 

marking is done for transplanting of the seedlings in the late evening time.  

• Healthy disease free seedlings of 8-10 cm height should be used for transplanting.  

• If rain is not occur after transplanting, light irrigation at 5-6 days may conveniently be 

given in furrows for good establishment of the seedlings.  

Sugarcane 

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. 

• In India sugarcane is planted by adopting two systems viz., (i) Ridges and furrows system 

(ii) Flat system.  

• There are some special systems also such as Trench system, Deep Trench system, paired 

- row system, Ring or pit system etc.  

A. Ridges and furrows system 

• In the finely prepared field, ridges and furrows are formed at 60-135 cm between the 

rows using tractor - drawn or bullock - drawn ridgers.  some small farmers open furrows 

manually also.  

• Depth of furrow should be around 25 cm. and length of 10-15 meter is ideal when guided 

irrigation is followed.  

• Irrigation and drainage channels should be provided appropriately. Drainage channels 



which are deeper than the furrows and the irrigation channel, should be opened along 

with field borders as well as within the field at regular intervals.  

• The ridge - furrow system is the most ideal system of planting under highly irrigated 

sugarcane cultivation.  

Paired row system of planting 

• In the paired row system, two cane rows are brought together followed by a wide gap 

before the next set of two rows (60 cm with 120 cm gap) in which  the  number of rows 

per hectare remains same. The paired rows which can be utilized for growing profitable 

inter crops, also good earthing up is possible and  permits better light interception. Thus 

can give higher yield 

B. Flat system 

 It involves repeated ploughing using a country plough and compacting by planking to 

conserve soil moisture. For planting, shallow furrows are opened with a wooden country 

plough and the setts are dropped and again covered by planking. Irrigation does not 

follow immediately.  

C. Trench system 

• In this system U-shaped furrows or trenches of 25-30 cm. deep are made mostly using 

spade and heaping clods maually. The system is useful to prevent lodging which is quite 

common. A specially fabricated implement "Ridgemax" can be used for formation of 

trenches 

D. Deep trench method 

• In this system deep trenches of depth 30-45 cm. and width 60 cm. are dugout manually at 

a spacing of 120 cm. between the centres of two adjacent trenches. That is the gap 

between the trenches is 60 cm. Sugarcane setts are planted on either side of the trench 

bottom and covered with soil slightly.  

• As the canes grow, the trench is filled with the soil with each manuring. Finally a small 

trench is formed in between two setts of paired rows which serves as a drainage channel 

to remove excess water during the N-E monsoon period 

E. Modified trench system 

• In the modified trench system ridges and furrows are opened at 120 cm. spacing using a 

tractor drawn ridger. The furrow bottom is dug and widened and the soil is removed to 

the ridges.  

• Thus trenches are formed, basal manures are applied and then setts are planted. As the 



crop grows while each manuring, only slight earthing up is done so that a trough is 

maintained through out the crop growth. Here irrigation is given in the cane row itself.  

F. Single bud direct planting 

• In this system single bud setts are planted directly in the field in the furrow at 30-45 cm. 

spacing between the setts. This method is highly economical and sowing of seed material. 

The buds should be healthy.  

Planting techniques 

1) End to end technique 

Three budded setts are put in furrow in such a way that end of the other setttouch to the 

end of the former sett. Eye to eye distance is maintained. 

2) Over lapping technique 

Three budded setts are put in furrow so that eye of the one sett touch to theeye 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 budsabove 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 

Seedbeds of 8.0 x 1.5 m are generally prepared to raise seedlings. The germination of bud 

is complete within a fortnight and seedlings become ready for transplanting after one 

week of germination. The sprouted setts are taken out from seedbed and are cut into two 

pieces making one-budded setts. The sprouted setts are thus planted in the field. 

 

   IISR Disc Type Cutter Planter                    IISR Sugarcane Cutter Planter  cum      

                                                                                    Wheat seeder 

*********** 

 

  



Exercise:4 

Effect of seed size on germination and seedling vigour of kharif crops 

 

                  Plants reproduce sexually by seeds and asexually by vegetative parts. Most crop 

plants produce viable seed which is used for sowing.Those used for multiplication are called 

seeds while those used for human or animal consumption are called grains.Those plants 

which do not produce seeds are multiplied with vegetative parts. Sugarcane is planted with 

stem cuttings known as setts. Forage grasses like napier grass, guinea grass, paragras etc. are 

mainly propagated by stem cuttings or rooted slips.Rooted slips are basal two to three 

internodes of the stem with a few roots. Tubers are used as seed material in potato.The crop 

sown with vegetative parts need larger quantities of seed material.Grafting, budding and 

layering methods are used for the propagation of horticultural crops. 

Characteristics of good seed material 

Establishing a vigorous crop starts with selecting good quality seeds. Quality seed ensures 

uniform crop stand establishment with uniform vigour and population per unit area.Selection 

of good seed is,therefore, of prime importance for remunerative crop production. Major seed 

quality characteristics include : 

(1) Improved variety: It should be superior to existing ones. It should realise its yield 

potential in the region where it is grown. 

(2) Genetic purity: It referes to the trueness to type. It has direct effect on ultimate yield. 

(3) Physical purity :It should be free from other varieties of the crop, other crop seeds,weed  

seeds, broken seeds and inert material. 

(4) Maturity :The seed must be from harvested maturity crop. 

(5)  Free from  storage pests and seed born diseases : The seed free from  pest and   

disease pathogens for optimum stand establishment. 

(6) Free from dormancy :It should germinate within stipulate time when sown under 

optimum soil conditions. 

(7) Uniformity: Seed must be uniform in size, shape and colour. 

(8)  High percentage of germination: High percentage of germination (98-99%) for 

adequate stand establishment. 

Qualityofseed 

Viability and vigour are the two important characters of seed quality. Viability can be 

expressed by the germination percentage, which indicates the number of seedlings produced 



by a given number of seeds.Vigour of seed and seedlings is difficult to measure. Low 

germination percentage, low germination rate and low vigour are often associated. Seeds with 

low vigour may not be able to withstand unfavourable conditions in the seedbed. The 

seedlings may lack the strength to emerge if the seeds are planted too deep or if the soil 

surface is crusted. 

Germination is measured with two parameters- the germination percentage and the 

germination rate.Vigour is indicated by the higher germination percentage, high germination 

rate and quicker seedlings growth. Germination percentage is the numbers of seeds 

germinated to  numbers of seeds planted and is expressed as percentage. Germination rate is 

expressed in two ways: (1) the number of days required to produce a given germination 

percentage and (2) the average  number of days required for radicle or plumule to emerge. 

Traditionally, seeds used to be sown at a specified weight of seed per unit area 

irrespective of seed size. Depending on the seed size, the number of seeds per unit area varies 

considerably. Hence, number of seeds per unit area is more important than the weight per unit 

area. This requires knowledge of test weight of crop seeds for adjustments in seed rate to 

obtain required population density. Several conditions viz.; (1) Late seeding (2) Poorly 

drained soils (3) Rough seedbed (4) Partly undecomposed plant residues (5) Seeds with low 

test weight than normal (6) Low germination percantage (7) High pest and disease problems 

(8) Inadequate soil moisture for germination may demand higher seed rate than 

recommended. 

Relationship between vigour, field performance and yield 

❖ The germination ability and vigour of a seed lot is directly related to performance in 

the field. 

❖ Seeds low in vigour generally produces weak seedlings that are susceptible to 

environmental stresses. 

❖ High level of vigour in seeds can be expected to provide an early and uniform stands 

which give the growing seedlings the competitive advantage against various 

environmental stresses. 

❖  Provides a very good estimate of potential field performance and subsequently, the 

field planting value. 

❖ The ability of the germinating seed to continue to grow and survive then determines 

crop establishment. 

❖ Low seed vigour contributes to the development of smaller and uneven seedlings     

which leads to poor plant stand and growth ( weaker seedlings) and uneven time of  

maturity, resulting in the possibility of yield loss. 

 

 

*********** 

 



Exercise: 5 

                      Effect of sowing depth and methods on germination of crops 

 

            Establishment of a good stand is the essential pre-requisite for attaining high yields. It 

depends on time, depth and method of sowing and seed treatment.Plantingdepth of seeds vary 

according to seed size and available soil moisture.Uneven depth of sowing results in uneven 

crop stand. Plants will be of different sizes and ages and finally harvesting is a problem as 

there is no uniformity in maturity. Shallow or deep sowing results in low plant population 

because all seeds do not germinate.The crops appear with uneven spread of plants with large 

number of gaps.Weed problem becomes serious under these conditions.Itis,therefore, 

essential to sow the crop at optimum depth for obtaining good stand of the crop.     

Crops with bigger sized seeds like groundnut, castor, sunflower etc. can be sown even 

upto the depth of 6 cm. Whereas, small sized seeds like tobacco, sesamum, bajra, mustard 

have to be sown as shallow as possible.  

If the seeds are sown too shallow, the surface soil dries up quickly and germination 

may not occur due to lack of moisture. Therefore, small sized seeds which are sown shallow 

should be watered frequently to ensure good emergence of the crop.  

If the small seeds are sown deep in the soil, the seed reserve food may be inadequate 

to put forth long coleoptiles for emergence. Even if the seedling emerges, it is too weak to 

survive as an autotrophic.  

The thumb rule is to sow seeds to a depth approximately 3 to 4 times theirdiameter. 

The optimum depth of sowing for most of the field crops ranges between 3 cm to 5 

cm.Shallow depth of planting of 2 cm to 3 cm is follow for small seeds like bajra, sesamum, 

mustard.Whereas,seeds of tobacco are very small in size (0.08-0.09 mg) and the emerging 

seedlings are tiny and delicate.Hence, the seeds are unsuitable for sowing directly in the field  

and are sown in nursery at a depth of 1 cm and tended carefully till the seedlings attain a 

particular size before transplanting in the main field. 

For achieving good results from transplanting,the seedlings are transplanted at 

optimum age and at proper depth. The thumb rule for the optimum age of seedlings is one 

week for every month of total duration of the crop.the depth of planting should be as shallow 

as possible for getting more number of tillers in tillering crops. Transplanting of rice 

seedlings more than 2 cm deep results in poor tillering. 



Because of randomness of seed dispersal in broadcasting method, the spacing 

available for individual plant varies considerably. It results in excess competition at certain 

areas and no competition at all in some other areas of the field. However, this methods is still 

used for sowing fodder crops or crops where seeds are cheap or crops which can easily 

establish and supress weeds. Rice is also sown by broadcasting on puddled soil. 

In broadcasting method, seeds cannot be placed in desired depth. Desired depth 

ensures perfect anchorage. Lodging (falling down) of crops are common in 

broadcasting.Whereas, drilling or line sowing method facilitates uniform depth of sowing 

resulting in uniform crop stand. Crops may not be lodged under drilling method.      

In the same crop,coleoptile length may differ due to varieties.Traditional tall varieties 

of wheat have long coleoptile.Generally,they are sown deep in the soil with seed drill. 

Mexican varieties with short coleoptile do not emerge when they are sown 

deep.Thesemexicanwheats give higher yields compared to tall varieties only when they are 

sown at a depth of 4 cm. 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Exercise  : 6    

Study of various methods of fertilizer application 

 

Objectives:  

1. To decide right stage of the crop for fertilizer application 

2. To adopt right method for maximizing fertilizer use efficiency. 

It is most essential to apply fertilizer at proper time and with proper methods for its efficient 

use. 

Time of fertilizer application: 

Time of fertilizer application depends on the type of crop cultivated, its growth stage, 

nutrient requirement, soil conditions, and nature of fertilizer. The fertilizers are applied 

(1) prior to sowing (2) at sowing and (3) after sowing the crop. 

1. Application of before sowing: 

Amendments should be applied well in advance to sowing. Some of the water 

insoluble P fertilizers such as rock phosphate and basic slugs should be applied about 

2- 4 weeks before sowing. This enables conversion of water insoluble form of P to 

soluble form for efficient crop utilization. 

2. Application at sowing:  

Application of fertilizer at the time of sowing or just before sowing is called basal 

application. Mostly phosphatic and potassic fertilizers are basally applied. A part of 

recommended N is also applied as basal dose. Micronutrient fertilizers should be 

applied at the time of sowing on the soil and should not be incorporated in to soil. 

3.  Application after sowing (Top dressing): 

 Application of fertilizers after the crop establishment is called top dressing. Usually a 

portion of N is applied as top dressing depending on the stage of crop. In light 

textured soil, potash is also recommended for top dressing. 

4. Spilt application of N: 

Spilt application increases the nitrogen use efficiency by supplying N at the critical 

stages of crop when the crop requirement is high. This also avoids large amounts of 

basally applied N being subjected to various losses. It is the most convenient and 

easily adaptable technique. Factors such as total amount of N to be applied, soil 

texture, crop duration, critical stages of growth, crop season and water management 



practices largely govern the number of splits. In irrigated crops N is generally applied 

in 2-3 splits. In dry land condition, all the N is applied at sowing as it is difficult to 

apply N at later stages in the absence of adequate soil moisture. Nitrogen application 

is recommended at tillering and panicle initiation stages for rice. Basal application of 

N is sufficient for pulses.  

Principles governing selection of proper time of application of fertilizer 

1. Nitrogen is taken up by the crop plant slowly in the initial growth stages, rapidly during 

the grand growth period and slowly at its maturity stage. Thus nitrogen requirement of a 

crop is less in the early stages, maximum during its peak growth period and very slow at 

the subsequent stage up to the harvest. But the nitrogen required by the crop through out 

its growth stages. 

2.  Nitrogenous fertilizers are highly soluble in water. They are mobile and move rapidly in 

all direction within the soil. The nitrogen is easily lost through leaching, volatilization 

and other means. Therefore, it should be applied in split dose at critical growth period. 

3. Phosphorus is required during the early root development and early growth of plant. As 

such crop plant utilizes 2/3 of the total requirement of phosphorus and accumulates 1/3 of 

their dry weight. Entire quantity of phosphorus should be applied as basal dose before 

sowing or planting. 

4. Potash behaves partly like nitrogen and partly like phosphorus. From the rate of 

absorption point of view it is like nitrogen being absorbed up to harvest, but available 

slowly like phosphate fertilizers. 

5. In sandy soil nitrogenous fertilizers should be applied after irrigation in to splits, in 

medium black soil it should be applied before irrigation.   

Methods of fertilizer application:  

  It will vary in relation to 

1. The nature of fertilizer 

2. The soil type 

3. The deferential nutrient requirement  

4. Nature of field crops 

Fertilizers  applied  to different crops are of two types  

1.  Fertilizer in solid form 

2. Fertilizer in liquid form 

 

 



1.Methods of application of fertilizer in solid form 

 

A) Broadcasting 

1. It refers to spreading fertilizers uniformly all over the field.  

2. Suitable for crops with dense stand, the plant roots permeate the whole volume of the 

soil, large doses of fertilizers are applied and insoluble phosphatic fertilizers such as 

rock phosphate are used.  

Broadcasting of fertilizers is of two types.  

i) Broadcasting at sowing or planting (Basal application) 

The main objectives of broadcasting the fertilizers at sowing time are to uniformly 

distribute the fertilizer over the entire field and to mix it with soil. 

ii) Top dressing 

It is the broadcasting of fertilizers particularly nitrogenous fertilizers in closely sown 

crops like paddy and wheat, with the objective of supplying nitrogen in readily available form 

to growing plants. 

➢ Disadvantages of broadcasting 

• The main disadvantages of application of fertilizers through broadcasting are: 

• Nutrients cannot be fully utilized by plant roots as they move laterally  over 

long distances. 

• The weed growth is stimulated all over the field. 

•  Nutrients are fixed in the soil as they come in contact with a large mass of 

soil. 

 



B) Placement 

1. It refers to the placement of fertilizers in soil at a specific place with or without 

reference to the position of the seed.  

2. Placement of fertilizers is normally recommended when the quantity of fertilizers to 

apply is small, development of the root system is poor, soil have a low level of 

fertility and to apply phosphatic and potassic fertilizer.  

The most common methods of placement are as follows: 

i) Plough sole placement 

1. In this method, fertilizer is placed at the bottom of the plough furrow in a continuous 

band during the process of ploughing.  

2. Every band is covered as the next furrow is turned.  

3. This method is suitable for areas where soil becomes quite dry upto few cm below the 

soil surface and soils having a heavy clay pan just below the plough sole layer.  

ii) Deep placement 

It is the placement of ammonical nitrogenous fertilizers in the reduction zone of soil 

particularly in paddy fields, where ammonical nitrogen remains available to the crop. This 

method ensures better distribution of fertilizer in the root zone soil and prevents loss of 

nutrients by run-off. 

iii) Localized placement 

It refers to the application of fertilizers into the soil close to the seed or plant in order to 

supply the nutrients in adequate amounts to the roots of growing plants. The common 

methods to place fertilizers close to the seed or plant are as follows: 

a) Drilling 

In this method, the fertilizer is applied at the time of sowing by means of a seed-cum-

fertilizer drill. This places fertilizer and the seed in the same row but at different depths. 

Although this method has been found suitable for the application of phosphatic and potassic 

fertilizers in cereal crops, but sometimes germination of seeds and young plants may get 

damaged due to higher concentration of soluble salts.  

b) Side dressing 

It refers to the spread of fertilizer in between the rows and around the plants. The 

common methods of side-dressing are 

1. Placement of nitrogenous fertilizers by hand in between the rows of crops like maize, 

sugarcane, cotton etc., to apply additional doses of nitrogen to the growing crops and  

2. Placement of fertilizers around the trees like mango, apple, grapes, papaya etc.  



C) Band placement 

If refers to the placement of fertilizer in bands. 

Band placement is of two types. 

i) Hill placement 

It is practiced for the application of fertilizers in orchards. In this method, fertilizers 

are placed close to the plant in bands on one or both sides of the plant. The length and depth 

of the band varies with the nature of the crop. 

ii) Row placement 

When the crops like sugarcane, potato, maize, cereals etc., are sown close together in 

rows, the fertilizer is applied in continuous bands on one or both sides of the row, which is 

known as row placement. 

D) Pellet application 

1. It refers to the placement of nitrogenous fertilizer in the form of pellets 2.5 to 5 cm 

deep between the rows of the paddy crop.  

2. The fertilizer is mixed with the soil in the ratio of 1:10 and made small pellets of 

convenient size to deposit in the mud of paddy fields.  

➢ Advantages of placement of fertilizers 

The main advantages are as follows: 

• When the fertilizer is placed, there is minimum contact between the soil and the 

fertilizer, and thus fixation of nutrients is greatly reduced. 

• The weeds all over the field can not make use of the fertilizers. 

• Residual response of fertilizers is usually higher. 

• Utilization of fertilizers by the plants is higher. 

• Loss of nitrogen by leaching is reduced. 

• Being immobile, phosphates are better utilized when placed. 

2.   Methods of application of fertilizer in liquid form: 

 

 



a) Starter solutions 

It refers to the application of solution of N, P2O5 and K2O in the ratio of 1:2:1 and 

1:1:2 to young plants at the time of transplanting, particularly for vegetables.  

Starter solution helps in rapid establishment and quick growth of seedlings.  

The disadvantages of starter solutions are  

• Extra labour is required, and 

• The fixation of phosphate is higher. 

b) Foliar application 

1. It refers to the spraying of fertilizer solutions containing one or more nutrients on the 

foliage of growing plants.  

2. Several nutrient elements are readily absorbed by leaves when they are dissolved in 

water and sprayed on them.  

3. The concentration of the spray solution has to be controlled, otherwise serious 

damage may result due to scorching of the leaves.  

4. Foliar application is effective for the application of minor nutrients like iron, copper, 

boron, zinc and manganese. Sometimes insecticides are also applied along with 

fertilizers.  

c) Application through irrigation water (Fertigation) 

1. It refers to the application of water soluble fertilizers through irrigation water.  

2. The nutrients are thus carried into the soil in solution.  

3. Generally nitrogenous fertilizers are applied through irrigation water.  

d) Injection into soil 

1. Liquid fertilizers for injection into the soil may be of either pressure or non-pressure 

types.  

2. Non-pressure solutions may be applied either on the surface or in furrows without 

appreciable loss of plant nutrients under most conditions.  

3. Anhydrous ammonia must be placed in narrow furrows at a depth of 12-15 cm and 

covered immediately to prevent loss of ammonia.  

e) Aerial application 

In areas where ground application is not practicable, the fertilizer solutions are 

applied by aircraft particularly in hilly areas, in forest lands, in grass lands or in 

sugarcane fields etc. 

*********** 



Exercise : 7   

                         Study of growth and yield attributing characters 

Objectives : 

1. To know the different growth and development stages of crops 

2. To manage the various resources according to crop growth stage requirement. 

Crop plants are differ in respect to ontology (development of organism), morphology, 

anatomy, physiology and requirement of particular type of ecology.  

Growth: It is an irreversible increase in mass or weight. Growth is attained mainly by  

 photosynthesis loss, what is goes through respiration that is weight, height,  

 length, diameter. 

Development: It is defined as change means development of a plant from  

germination to maturity. It can be considered as the series of discrete periods such as 

weight, size, and structure of specific organs. 

Development Stages: 

1. Germination and emergence 

2. Seedling growth 

3. Vegetative growth 

4. Flowering 

5. Fruit growth 

6. Fruit maturity 

7. Physiological maturity 

8. Harvest maturity 

Factor affecting growth and development of plant: 

1. Solar radiation(Light) 

2. Temperature 

3. Soil moisture 

4. Soil aeration 

  The dry matter production from a crop growth, many factors such as type of 

soil, fertilizer, water, growing season and variety of crop attribute great variation in crop 

production. 

Yield attribute: Any factor responsible for attributing increase the yield called 

yield attribute. 

  



❖ Growth  analysis 

 Growth analysis is a mathematical expression of environmental effects on growth and 

development of crop plants. This is a useful tool in studying the complex interactions 

between the plant growth and the environment.The basic principle that underlie in growth 

analysis depends on two values (1) total dry weight of whole plant material per unit area of 

ground (w) and (2) the total leaf area of the plant per unit area of ground (A). 

 The total dry weight (w) is usually measured as the dry weight of various  

plant parts viz, leaves, stems and reproductive structures.  The measure of leaf area (A) 

includes the area of other organs viz, stem petioles, flower bracts, awns and pods  that  

contain  chlorophyll  and  contribute  substantially  to  the  overall photosynthesis of the 

plants 

 According to the purpose of the data, leaf area and dry weights of component  

plant parts have to be collected at weekly, fortnightly or monthly intervals.  This data  

are to be used to calculate various indices and characteristics that describe the  

growth  of  plants  and  of  their  parts  grown  in  different  environments  and  the  

relationship  between  assimilatory  apparatus  and  dry  matter  production.These 

indices and characteristics are together called as growth parameters.  Some of the  

parameters that are usually calculated in growth analysis are crop growth rate  

(CGR), relative growth rate (RGR), net assimilation rate (NAR), Leaf area ratio  

(LAR), Leaf weight ratio (LWR).  Specific Leaf Area (SLA), Leaf area index (LAI) and  

Leaf area duration (LAD).  Accuracy in calculations of these parameters and their  

correct interpretation are essential aspect in growth analysis. 

Advantages of growth analysis 

a) We can study the growth of the population or plant community in a precise  

     way with the availability of raw data on different growth parameters. 

b) These studies involve an assessment of the primary production of vegetation  

      in the field i.e. at the ecosystem level (at crop level) of organization. 

c) The primary production plays an important role in the energetic of the whole  

      ecosystem. 



d) The studies also provide precise information on the nature of the plant and  

       environment interaction in a particular habitat. 

e) It provides accurate measurements of whole plant growth performance in an  

      integrated manner at different intervals of time. 

Drawbacks of Growth Analysis 

 In classical growth analysis sampling for primary values consist of harvesting 

(destructively) representative sets of plants or plots and it is impossible to follow the same 

plants or plots throughout whole experiment. 

❖ Growth Characteristics - Definition and Mathematical Formula 

The following data are required to calculate different growth parameters in order to express 

the instantaneous values and mean values over a time interval. In the following discussion W, 

WL, WS and WR are used to represent the dry weights of total plant (w), dry leaves (wL), 

stem (WS) and roots (WR) respectively.  Whereas A is the leaf area and P is the land area. 

1. Crop Growth Rate (CGR): 

 D.J. Watson coined the term Crop growth rate.  It is defined as the increase of dry 

matter in grams per unit area per unit time.  The mean CGR over an interval of time T1 and 

T2 is usually calculated as show in the following formula 

W2 - W1 

CGR  = ----------------  

P (T2 - T1) 

Where, CGR is the mean crop growth rate, P= ground area, W1 and W2 are the dry weights at 

two sampling times T1 and T2, respectively and it is expressed in g/m-2/day-1. 

2. Relative Growth Rate (RGR): 

 The term RGR was coined by Blackman. It is defined as the rate of increase in dry 

matter per unit of dry matter already present.  This is also referred as Efficiency index since 

the rate of growth is expressed as the rate of interest on the capital.  It provides a valuable 

overall index of plant growth.  The mean relative growth rate over a time interval is given 

below. 

 



 

Loge W2 - Loge W1 

RGR  = ---------------------- (g g-1 day -1) 

T2 - T1 

 

Where, Log is natural logarithm, T1= time one (days), T2= time two (days), W1= dry weight 

of plant at time one (days), W2= dry weight of plant at time two (days) and it is expressed as 

g/g/day. 

 

3. Net Assimilation Rate (NAR): 

The NAR is a measure of the amount of photosynthetic product going into  

plant material i.e. it is the estimate of net photosynthetic carbon assimilated by  

photosynthesis minus the carbon lost by respiration.  The NAR can be determined by  

measuring plant dry weight and leaf area periodically during growth and is commonly  

reported as grams of dry weight increase per square centimeter of leaf surface per  

week. This is also called as Unit leaf rate because the assimilatory area includes  

only the active leaf area in measuring the rate of dry matter production. 

The mean NAR over a time interval from T1 to T2 is given by 

        W2-W1   Log e L2 - Log e L1 

NAR = --------- X ------------------------  

T2-T1    L2 - L1 

 

Where L1 and L2 are total leaf are at time t1 and t2 respectively. W1 and W2 are total dry wt. 

time t1 and t2 respectively. Log e is Logarithum to base ‘e’ (Log e = 2.3026) 

and it is expressed as (g cm-2 wk-1). 

 

4. Leaf Area Ratio (LAR) 

 The LAR is a measure of the proportion of the plant which is engaged in  

photosynthetic process. It gives the relative size of the assimilatory apparatus. It is  

also called as capacity factor. It is defined as the ratio between leaf area in square  

centimeters and total plant dry weight. It represents leafiness character of crop  

plants on area basis. 



      

   A 

LAR = -------  (cm2g-1)  

 W 

Where, A= leaf area in square centimeters, W= total plant dry weight 

 

5. Leaf Weight Ratio (LWR) 

 It is one of the components of LAR and is defined as the ratio between grams of dry 

matter in leaves and total dry matter in plants (g).  Since the numerator and denominator are 

on dry weight basis LWR is dimensionless.  It is the index of leafiness of the plant on weight 

basis. 

             WL 

LWR  = ------- 

              W 

Where, WL= Dry matter in leaves, W= Total dry matter in plants 

 

6. Specific Leaf Area (SLA) 

It is another component of LAR and defined as the ratio between leaf area in cm2 and total 

leaf dry weight in grams. This is used as a measure of leaf density. The mean SLA can be 

calculated as 

    A 

SLA  = --------    

                WL 

Where, A= leaf weight plant-1 and WL= leaf area plant−1 and it is expressed as cm-2 g-1. 

 

7. Specific Leaf Weight (SLW) 

The reversal of SLA is called as SLW. It is defined as the ratio between total leaf dry weight 

in gms and leaf area in cm2. It indicates the relative thickness of the leaf of different 

genotypes.    WL 



    SLW = -------    

     A 

Where, WL= leaf weight plant-1 and A= leaf area plant−1 and it is expressed as g cm-2. 

8. Leaf area index (LAI): 

D.J. Watson coined this term.  It is defined as the functional leaf area over unit land area.  It 

represents the leafiness in relation to land area.  At an instant time (T) the LAI can be 

calculated as 

                                               LAI = Leaf area / ground area 

                                               It is expressed as m2/m2 

For maximum production of dry matter of most crops, LAI of 4-6 is usually necessary. The 

leaf area index at which the maximum CGR is recorded is called as ‘optimum leaf area 

index’. 

Growth indices in summary : 

 Few key indices are commonly derived as an aid to understanding growth responses. 

Mathematical and functional definitions of those terms are summarised below. 

Growth index Functional definition 

Relative growth rate 

(RGR) 

Rate of mass increase per unit mass present (efficiency of growth 

with respect to biomass) 

Net assimilation rate 

(NAR) 

Rate of mass increase per unit leaf area (efficiency of leaves in 

generating biomass) 

Leaf area ratio 

(LAR) 

Ratio of leaf area to total plant mass (a measure of ‘leafiness’ or 

photosynthetic area relative to respiratory mass) 

Specific leaf area 

(SLA) 

Ratio of leaf area to leaf mass (a measure of thickness of leaves 

relative to area) 



Leaf weight ratio 

(LWR) 

Ratio of leaf mass to total plant mass (a measure of biomass 

allocation to leaves) 

 

Growth and yield attributing characters and Quality Parameter 

Sr. 

No. 

Growth and Yield 

attribute characters 

Sr. 

No. 

Quality Parameter 

 

1 Number  of branches 1 Oil content (%) 

2 Number  of tiller per plant 2 Protein content(%) 

3 Number  of leaves 3 Nicotine in tobacco(%) 

4 Number  of internodes per 

plant 

4 linoleic acid content inSafflower / 

Sunflower/ cotton(%) 

5 Length of internodes 5 Crude protein (In fiber/ forage crops) 

6 Length of earhead / fruit/ 

pod size 

6 Starch content (%) 

(Sugar and sucrose content) 

7 No. of seed in earhead / pod 7 Fiber content in cotton 

8 Test weight(g)   

9 Seed/grain  yield (kg/ha)   

10 Straw yield (kg/ha)   

11 Harvest index (%)   

 

Periodical growth and yield attributing characters of different crops:  

Sr. 

No. 

Sugarcane 

 

Sr. 

No. 

Cotton 

 

1 

2 

Germination percentage Tillering 

percentage 

1 Germination percentage/Plant  

population /ha 

3 Periodical and total plant height(cm) 2 Plant height at harvest(cm) 

3 No. of monopodical branches/plant  

4 Number of internode /plant 

5 Girth of middle internode/plant 4 No. of ball/plant 

6 No. of milliable cane/unit area 5 Germinating percentage 

7 Wt of miliable cane/unit area 6 Seed cotton yield/plant  



8 Cane yield/ha 7 Lint seed ratio 

9 Sugar percentage in juice 8 Fibre length  

10 Sugar percentage in cane 9 Oil content 

11 Sugar yield/ha 10 Harvest Index 

12 Harvest index (%)   

 Tobacco  Chicory 

1 Plant stand/ha 1 Germination percentage 

2 No of leaves/plant 2 Plant population 

3 Leaf length and Width (cm) 3 Plant height 

4 Leaf area(sq. cm) 4 Root length 

5 Leaf thickness(mm) 5 Root weight 

6 Dry leaf yield(kg/ha) 6 Root girth  

7 Nicotine content(%) 7 Fresh and Dry root yield/ha 

8 Harvest Index(%) 8 Fresh green leaves/ha 

  9 Crude fibre (%) 

  

 

Ground nut 

10 Harvest index (%) 

 

Castor 

1 Plant population   

2 No. of branches/plant (%)   

3 Periodical plant height 1 Initial and after plant population 

4 No. of peg/plant 2 Plant height up to main spike(cm) 

5 No. of effective peg/plant 3 No. of branching  

 a. Primary branching /plant 

 b. Secondary branching plant 

 c. Tertiary branching /plant 

6 No. of pod/plant 

7 No. of seed /pod 

8 Pod/ grain/ seed yield(kg/ha) 

9 Oil percentage 4 Length of main spike 

10 Shelling percentage 5 No. of capsules/ spike  

11 Protein content (%) 6 No. of spike /plant  

12 Harvest Index 7 Yield (kg/ha)  

  8 Seed and stalk yield.  

 Sesame 9 Oil percentage 

1 Final plant height plant 10 Test weight (g) 



2 No. of capsules/plant 11  Harvest Index ( %) 

3 No. seed /capsules   

4 Length of capsules(cm)    

5 Test weight(g)    

6 Grain and straw yield (kg/ha)   

7 Oil percentage  &8.   HI (%) 

  

Sunflower 

  

Mustard and Rape seed 

1 Germination percentage 1 Germination percentage 

2 Periodical Plant height. 2 Periodical Plant height and  at 

harvest (cm) 3 Diameter of Head 

4 No. of mature seed/head 3 No. of branching  

5 Wt of seed /head  a. Primary branching /plant 

6 Wt. of seed yield/plant  b. Secondary branching plant 

7 Test weight(g)  c. Tertiary branching /plant 

8 Oil Yield 4 Length of siliqua 

9 Seed and straw yield (kg/ha) 5 No.  of seed/ siliqua.  

10 Oil content and Oil yield 6 Seed yield /plant 

11 Straw to seed ratio 7 Oil percentage 

12 No. of immature seed/head 8 Test weight (g) 

13 Harvest index 9 Seed and straw yields (kg/ ha) 

  10 Harvest Index  

      Wheat 

1. Initial plant population 

2. No of tiller /plant or in1 mt row length 

3. No of effective tiller/1 mt row length 

4. Plant height(cm) 

5.  Date of flowering 

6. Length of spike(cm) 

7. No. of grains/ spike 

8. No of spikelets/ spike 

9. Date of Maturity 

10. Seed and Straw yield kg/ha 

     Fennel 

1. Date of seeing 

2. Age of seedling 

3.  Date of transplanting 

4. Periodical plant height 

5. No. of Branches/plant 

6. Date of 50 % flowering 

7. No of umbel per plant 

8.  No of umblets / umbel 

9.  Date of maturity 

10.  Seed and stalk yield 



11. Grain to straw ration 

12. Test weight(1000- gm) 

13.  Harvest Index(%) 

 

Chickpea 

1. Initial plant population 

2. Periodical Plant height(cm) 

3.  Date of 50 % flowering 

4. No of branches/ plant 

5. No of pods /branch 

6. No. of grains/ pod 

7. Date of Maturity 

 

11. Test we(g) 

12.  Protein % 

13.  Oil content(%) 

 

 

8. Seed and Straw yield kg/ha 

9.   Test weight(1000- gm) 

10.   Harvest Index (%) 

11.  Protein content % 

12.  No. of root nodules/plant 

13.  No. of active nodule/plant 

 

 

*********** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Exercise : 8 

   Visit to the agronomic and forage experiments 

 

                   Agronomy experiments are mainly field oriented. Choice of appropriate design 

and conduct of the experiments in a proper manner may help to get valid information.Field 

selection and layout of the experiments also play a vital role.It is always necessary to collect 

data on ancillary characteristics so as to have better interpretation of the results.Use of 

appropriate software package makes the job of the scientists/ workers to analyze the data 

scientifically and interpret the results. 

                   An experiment is designed based on the objectives, availability of experimental 

material and cost of the  experiment.It is important to design the experiment carefully to test 

the hypothesis with acceptable degree of precision.The choice of treatments, method of 

assigning treatments to experimental units and arrangement of experimental units in various 

patterns to suit the requirement of a particular problem are combinedly known as the design 

of experiment. In an agricultural field experimentation, it is normally aimed to assess the 

performance of varieties of a crop, effect of manures, irrigation methods, new herbicides,etc. 

in different crops.All these objects of comparison are known as teatments. 

                   Experiment is to be laid out in the field, keeping view of  land slope and fertility 

status to make homogeneous plots within the replication. 

Layout  :The layout is done before deciding base line of the experimental area. Then right 

angle is to be taken on the base line by 3 m x 4 m x 5 m triangle to draw straight line on the 

both sides of base line with the of measuring tape, pegs and rope to obtain uniform plot size. 

Thereafter plotting is done as per the predecided size of the plot, keeping border between 

plots, between replications, space required for irrigation and drainage channels.After plot 

demarcation, randomization of the treatment is done and experimental field is prepared for 

sowing and treatments are then imposed as per experimental requirement to fulfill the 

objectives of the experiment. 

Replication :The repetition of the same treatment so that it appears two or more times in an 

experiment. 

Treatments :Asingle state of some factor being varied and to evaluate the effect in an 

experiment such as rate of fertilizer, varieties, herbicides etc. 

Randomization :The allocation of treatment to the different plots by a random process.In 

this method each treatment has an equal chances to be allocated to an experimental unit. 



Experimental design :Various experimental designs are available for different type of 

experiments i.e. CRD, RBD, LSD and split plot design etc. 

Analysis of variance :Analysis of variance is splitting of the total variation into various 

factors responsible for variation in a given population. 

Critical difference : Value which indicate the significance of the treatment in the 

experimentation.  

Exercise : 

Q.1 : Enlist the name of titles of agronomic and forage experiments conducted during      

current season. 

          _________________________________________________________________  

          _________________________________________________________________ 

          _________________________________________________________________ 

          _________________________________________________________________ 

          _________________________________________________________________  

          _________________________________________________________________ 

          _________________________________________________________________ 

          _________________________________________________________________  

          _________________________________________________________________  

 

Q.2 : Draw the field layout of any one experiment with  no. of treatments, no. of  

replications, spacing and gross plot size. 

 

*********** 

  



 

Exercise 9 : 

Numerical exercises on fertilizer, seed requirement and plant population 

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

Objectives:  

To calculate correct quantity of fertilizer required for sowing per unit area. 

 Manures and fertilizers are the substances containing fair amount of plant food, which 

are used for supplementing the nutrients in the soil. On the other hand, indiscreet or excess 

use of fertilizers not only increase cost of cultivation, but also deteriorates soil quality: 

leading to poor productivity. Therefore, use of proper quantity of fertilizer is prime 

importance for sustainable agriculture. 

Fertilizers:  are the organic and inorganic materials or natural or synthetic origin which are 

added to the soil to supply certain elements essential to the growth of plants. The term 

“ fertilizer” is now commonly restricted to commercial products. eg. Urea, DAP, AS 

etc.  

Manures: Manure is a organic substance containing plant nutrients. Therefore manures are 

defined as the sources of plant nutrients. eg. cattle manure and other bulky natural 

substance that were applied to land or soil with the objective of increasing the 

production of crops. On the basis of concentration of nutrient manures can be grouped in 

to two 

1. Bulky organic manures. eg. FYM, Vermicompost, compost and Green manure  

2. Concentrated organic manures. eg. Fish manure, Poultry manure, Cakes,blood meal , 

borne meal and human excreta. 

Amendments: are the substances other than manures and fertilizers which are added to soils 

for the improvement of soil. eg. Gypsum and  lime. 

Classification of fertilizers: 

1. Straight fertilizers: Such fertilizer contains only one major nutrient e.g. Urea 

2. Binary fertilizer: Such fertilizer contains two major nutrients. e.g. Potassium Nitrate. 

3. Ternary fertilizer: Such fertilizer contains three major nutrients eg. Ammonium 

Potassium Phosphate. 

4. Compound / Complex fertilizer: Such fertilizer content of at least two of the major 

nutrients obtained chemically and generally granular in form. eg. Nitro- Phosphate, 

DAP, Ammonium –phosphate. 



5. Mix fertilizer: Individual or straight fertilizer materials are blended to gather physically 

to permit application in the field in one operation such fertilizers supply two or three 

major nutrients in a definite proportion or grade  eg. NPK  -15-15-15. 

6. Complete fertilizer: Having all three primary major nutrients, viz, N,P,K called 

complete fertilizer. 

7. In complete fertilizer: Containing any two primary major nutrients. 

8. Bio- fertilizers:Biofertilizer is a substance which contains living microorganisms, when 

applied to seed, plant surfaces, or soil it willpromotes the growth by increasing the 

supply or availability of primary nutrients to the host plant. They are cost effective, eco-

friendly and renewable source of plant nutrients. egRhizobium, Azatobecter, 

Azospirillum and PSB  

9. Green manure: Green undecomposed plant materials grown primarily to add nutrients 

and organic matter to the soil is called green manure. By growing green manure crops in 

the field and in corporating  it in its green stage in the same field is called green 

maturing. egsannhemp and dhaincha. 

Factors determining quantity of fertilizers: 

1. The N-P-K content of the fertilizer     2. Soil type 

3. Cropping system                         4.     Rainfall and its distribution 

5.   Availability of irrigation           6.     Initial fertility status of the soil 

7.   Use of organic manures            8.    Planting density 

9.   Recommended dose of nutrient for the crop. 

      10.  The total area you will be applying the fertilizer (ha) 

Percent nutrient content of chemical fertilizers: 

Sr. No  

Name of fertilizer 

Nutrient content (%) 

 

N 

 

P2O5 

 

K2O 

 

Ca 

 

S 

A Nitrogenous fertilizers 

1 Ammonium Sulphate 20 -- -- -- 24 

2 Ammonium Chloride 25 -- -- -- - 

3 Ammonium Nitrate 33-34 -- -- -- -- 

4 Ammonium Sulphate Nitrate 26 -- -- -- 15 

5 Calcium Ammonium Nitrate(CAN) 25 -- -- 8.1 -- 

6 Liquid Ammonia 82 -- -- -- -- 



7 Urea 46 -- -- -- -- 

B Phosphatic fertilizers 

8 Single Super Phosphate -- 16 -- 21 12 

9 Double Super Phosphate -- 32 -- -- -- 

10 Triple Super Phosphate -- 48 -- -- -- 

11 Rock Phosphate -- 18-20 -- -- -- 

12 Di calcium phosphate -- 34-39 -- -- -- 

13 Calcium Meta sulphate -- 64 -- -- -- 

14 Bone meal -- 20-25 -- 23 -- 

15 Basic slug -- 14-18 -- 34 -- 

C Potassic fertilizers 

15 Muriate of Potash  

(Potassium chloride) 

-- -- 60 -- -- 

16 Sulphate of Potash  

(Potassiun Sulphate) 

-- -- 48 -- 18 

17 Potassium Nitrate -- -- 44 -- -- 

D  Complex fertilizers 

18 DAP 18 46 -- -- -- 

19 Poli Phosphate 15 57 -- -- -- 

20 Ammonium Sulphate 20  -- -- 24 

21 Ammonium Phoshate (Amophos) 20 20 -- -- -- 

22 Ammonium Nitrate Phosphate 20 20 -- -- -- 

E Mixed fertilizers 

23 IFFCO grade(12:32:16) 12 32 16 -- -- 

24 IFFCO grade(10:26:26) 10 26 26 -- -- 

25 Suphala (Nitro phosphate)  

(20:20: 00) 

20 20 00 -- -- 

26 Suphala (Nitro phosphate)  

(18:18: 09) 

18 18 09 -- -- 

27 Suphala ( Nitro phosphate ) 

(15:15: 15) 

15 15 15 -- -- 

 

 



Example:1 

Recommended dose of fertilizer for wheat crop is 120: 60: 00 NPK kg/ha and 

nitrogen is applied in two equal split. The source of fertilizer are Urea and DAP. 

Calculate the fertilizer requirement in kg for wheat crop. 

 

Solution:  

Now , Urea contain  46% N and   DAP contain 18% N  and 46 % P  

So, First we should calculate the quantity of DAP  

Therefore, required quantity of  DAP 

                For 46 kg P2O5,    we required 100 kg  of DAP     

Therefore,  for  60 kg P2O5, How much quantity of DAP is required ?  

  =    100 x 60            = 130 kg DAP/ha. 

     46  

Now, DAP also contain   18 %  N, 

Therefore,  

From 130 kg DAP =  130x 18      =  24 kg N is suppled 

                                100        

Now, The  basal N require. is 60  kg /ha, but 24 kg N is received from  DAP,  

 Therefore remaining 36 kg (60 -24) N should be apply from the urea  

           To fulfill the remaining quantity of nitrogen:  

For 46 kg N,     100 kg urea is required 

Therefore,  100x 36  =  78 kg urea is required for N application   

                       46  

    Now, remaining 60 kg N as second spilt, which required  

=  100x 60   =  130 kg urea is required. 

  46   

  Therefore, at the time of sowing the quantity required for basal application   

 = 78 kg Urea + 130kg   DAP  

and for  2nd  split application 130 kg Urea is required. 

Example: 2.     

Calculate the quantity of urea, SSP, and muriate of potash required for one hectare of 

rice with the N, P2O5 and K2O, The recommended dose of rice is  100-50-50 kg/ha.   

Solution:  

As mention in above example, we can calculate the fertilizer quantity  



directly,  

For, Urea = 100 / 46 x 100 = 217.4 kg 

For, Single Super Phosphate = 100 / 16 x 50 = 312.5 kg 

And for, Muriate of Potash = 1 x 60 = 83.3 kg 

NB. Requirement of fertilizer can be calculated using the conversion factor. 

(The conversion factor of Urea is  2.2, Single super phoshphate is  6.3, Muriate of 

Potash is 1.67) 

Therefore,  total Urea required= 100 x 2.2 = 220 kg 

Single super phosphate= 50 x 6.3 = 315 kg 

 Muriate of Potash = 50 x 1.7 = 85 kg  

Example: 3 

Calculate the quantity of DAP, Urea and muriate of potash required for one ha of rice 

to meet the nutrient requirement of N, P2O5 and K2O at 100- 50-50 kg recommended 

dose of fertilizer. 

Solution:  

DAP to meet 50 kg P2O5  = 100 / 46 x 50 = 108.7 kg 

Now, quantity of N is present in  108.7 kg of DAP = 18 / 100 x 108.7 = 19.6, ie.20 kg 

Therefore, the quantity of N to be supplemented with urea 

=  100-20 =  80 kg 

 So, requirement of Urea = 100 x 46 x 80 = 173.9 kg 

and Muriate of Potash = 100 / 60 x 50 = 83.3 kg. 

(Note: Where complex fertilizer is involved, calculate first for the contribution of that 

fertilizer for the nutrient that is present in higher quantity. For example, in the case 

of DAP, first calculate for P as DAP contains higher quantity of P. Then calculate the 

quantity of the next highest quantity of nutrient (in case N) contributed by that 

quantity of the fertilizer. 

Example: 4  

Work out the quantity of complex (17:17: 17) and urea required to meet the nutrient 

requirement of 100: 50: 50 kg N, P2O5 and K2O, /ha. 

Solution:  

Quantity of complex fertilizer = 100 / 17 x 50 = 294 kg 

This will supply 50 kg each of N, P2O5 and K2O.   

Remaining 50 kg N is to be supplemented with urea. 

Therefore, quantity of Urea = 100 /46 x 50 = 108.7 kg.  



Example. 5  

Progressive farmer of Gandhinagar district wishes to apply 100-50-50 kg/ha NPK to 

one ha crop. The fertilizers available with him are  12-32-16 grade complex fertilizer 

Urea and MOP. The nitrogen will be applied in two splits. i.e. 50 % basal, 50 % at 

tillering. Calculate the quantity of fertilizers to be required for basal and for split 

application. 

Solution:  

First  we should calculate the quantity of fertilizer for P2O5:   

                  For 32 kg P2O5,  100 kg Complex fertilizer is required 

Therefore, for 50 kg P2O5,  how much complex fertilizer is required ? 

= 100 x 50 /  32=  156 kg complex fertilizer is required. 

Now for Nitrogen requirement: 

                 From 100 kg complex fertilizer,  12 kg Nitrogen is supplied 

 Therefore, from 156 kg complex fertilizer, how much N is supplied ? 

          =    156 x 12 / 100     = 18.7 kg N from complex fertilizer. 

 Now Basal N requirement is 50 kg and 18.7 kg N is supplied  from complex fertilizer  

Therefore, remaining N (50.0- 18.7 = 31.3 kg) should applied from Urea 

So, for that Urea requirement is 100 x 31.3 / 46  

= 68 kg urea is needed. 

and  for split application of N requirement is 50 kg  

        For that 100  x 50 / 46 = 109 kg Urea is required. 

Now for Potash: 

 From the complex fertilizer 

16 x 156 /100 = 25 kg K will be supplied from the complex fertilizer 

 While our requirement is 50 kg K2O 

 Therefore, remaining K (50.0- 25.0 =25.0 kg) should be applied from MOP 

Therefore, 100 x 25 / 59 = 42.4 kg MOP is required  

Total fertilizer requirement: 

156 kg complex fertilizer (12-32-16) 

68 kg Urea for basal  + 109 Kg Urea for split application 

and  42.4 kg MOP for one hectare. 

Self study: 

Ex. 1. A progressive farmer desired to grow a Rajmah crop. The recommended dose of 

Rajmah crop is 90-60-30 kg NPK/ha, Nitrogen is applied in to two split. The fertilizers with 



him are Urea, DAP and  Muriate of Potash. Calculate the total quantity of fertilizers for 1.5 

ha of  land.  

Ex. 2.A progressive farmer desired to grow Irrigatedhybrid  Gujarat cotton -10. The 

recommended dose of crop is 150-00-00 kg NPK/ha. Nitrogen is applied in to three equal 

split. The fertilizer with him is Ammonium sulphate. Calculate the total quantity of fertilizer 

for 2.5 ha of land.  

 

 

 

 

 

 

 

 

 

 

 

  



Exercise 10 : 

Calculation of seed reqirement and plant population 

Objectives: To estimate correct quantity of seeds required for sowing of crop  per unit area. 

Introduction:  

The 1,000 seeds weight is a measure of seed size. It is the weight in grams of 1,000 

seeds. Seed size and the weight can vary from one crop to another, between varieties of the 

same crop and even from year to year or from field to field of the same variety losses.Seeding 

rate is an important factor when considering all the decisions that need to be made at planting 

time. For instance, a high seeding rate can result in higher crop yields, better weed 

competition, earlier maturity, less tillers, smaller seed size and shorter plant height.  

To calculate the seeding rate in kg per ha, we need the following information: It is a 

good, if we have a value for the 1000 seed weight (in grams). Otherwise, we will need to 

count out 1,000 seeds and weigh them (grams).  

1. Spacing or Plant density or plants per square mt  

2. Germination percentage and Emergence mortality (%)  

3. 1000 seeds weight in grams  

4. Purity of seed 

1.Spacing or Plant density or plants per square mt 

Spacing is very important for plant growth. There are many variation in spacing for 

different crops. It is depend upon type of crop varieties, soil type and purpose of crop. If any 

crop grown for fodder purpose, close spacing is to be required, but when these crops are 

grown for grain purpose wider spacing should be maintained. Plant population also depends 

on seed size.  

2.  Test weight of seeds or grain: 

Test weight  means  1000 or 100 seeds weight in gram  or on volume base. It varies 

from one variety to another and from one crop type to another. Bold seeded varieties has 

higher  test weight, which  required higher seed rate, while fine or small seeds has low  test 

weight as compared to bold seeds of same crop,  which required less quantity of seed/ ha for 

sowing.  

 



3.Germination & Mortality percentage: 

To properly calculate seeding rates, germination tests should be done on all seed lots. Higher 

germination percentage of seed required less quantity of seeds for sowing, while seeds has 

low germination percentage, more quantity of seeds is required for sowing.  

An estimate is also needed of seedling mortality, that is all those seeds that germinate 

but fail to develop into a plant. The reasons for plant death include disease, insects, rocks and 

drought. A common value used for mortality is 3%.  Unfortunately, seedling mortality can 

vary greatly from year to year, and field to field. Mortality in cereals typically ranges from 5 

to 20 per cent.  

4.Purity percentage: 

Seed quality is important when using the 1,000 seed weight. Poor seed produces weak 

plants. To properly calculate seeding rates, purity percentage play vital role.  It is decided 

from different component of purity, such as pure seeds, other crop seeds, weed seeds and 

inert matter. The seeds having more purity percentage required less quantity of seeds for 

sowing as compared to less purity percentage of seeds. With the above values, we can use the 

calculator to get the desired seeding rate. 

Test weight of some important field crops:   

Sr. No. Name of Crops Test weight (g) 

(Approximate) 

1 Sunflower 38-40 

2 Mustard 4-5 

3 Cow pea 70 -75 

4 Wheat 40-45 

5 Oat 35-40 

6  Barley 30-45 

7 French bean( 100 seeds) 40- 42 

8 Fenugreek 15-18 

9 Gram 130- 140 

10 Castor ( 100 seeds)  30-35 

11 Bajara 7-10 

12 Groundnut 40-45 

13 Maize 220-240 



14 Pigeon pea (100 seeds) 10-12 

15 Field pea (100 seeds) 25-30 

16 Sesame 4-5 

17 Soybean(100 seeds) 8-10 

18 Black gram 40-45 

19 Green gram 30-40 

20 Sorghum 15-20 

21 Cluster bean 30-45 

22 Cumin 3-5 

23 Fennel 7-8 

24 Dill seed 7-8 

25 Isabgol 2-3 

26 Lucerne 1-2 

27 Amaranth(rajgira) 1.0 

28  Lentil 30-80 

29 Rice 30 

❖ Plant population 

 Number of plants in a particular area depends on the canopy coverage of the individual 

plants. If vigour of the plant is less, canopy coverage is less and requirement of plants per 

unit area will be more. Thus, spacing is maintained in such a way that its canopy 

mathematically covers the entire area to intercept maximum sunshine without interfering the 

neighbouring crop plants. 

10,000 

Plant population =            Row to row distance (m) x Plant to plant distance (m) 

Example 1:Calculate the plant population/ha, if the spacing is 20 cm x 20 cm. 

 Spacing   = 20 cm x 20 cm = 0.2 m x 0.2 m =0.04 m² 

     i.e. 0.04 m² is covered by   = 1 plant 

        10000 m² is covered by   =10000      

 0.04     

   = 2,50,000 plants 



Example 1:  Find out the seed rate of wheat in kg/ha from the following  

details; 

1. Spacing- 23 cm x 1 cm,      3.. Test weight: 25. 0 gm 

2. Germination % =  90           4.  Purity %  = 95  

Solution:  

Seed rate(kg/ha)  =  Area to be sown in sq.m. x test wt (g) x 100 x100      

                                    1000 x 1000 x germination % x purity % X spacing (m) 

                                   =   10000 x 25 x 100 x100 

                                       1000 x 1000 x 90 x 95 x 0.23 x 0.01 

                                   =    10 x 25 

                                         9 x 95 x 0.23 x 0.01 

                                   =    250 

                                        1.9665 

 =   127.12 

                  =   130 kg/ha 

Example 2: Find out the seed rate of maize in kg/ha from the following  

details: 

1. Spacing- 60 cm x 20 cm,      4   t weight: 350 gm 

2. Germination % =  90       5.Purity %  = 95  

3. Gap filling : 5 % of required seed 

Solution:  

Seed rate(kg/ha)  =    Area to be sown in sq.m. x test wt(g) x 100 x100      

                                    1000 x 1000 x germination % x purity % X spacing (m) 

                                   =     10000 x 350 x 100 x100 

                                         1000 x 1000 x 90 x 95 x 0.60 x 0.20 

                                  =       10 x 350 

                                          9 x 95 x 0.60 x 0.20 

 



=        3500 

102.6            

                                    =       34.11                              =   35   kg/ha.                                                  

                                Now,  seed required for gap filling   =     35 x 5 

100 

=    1.75 kg 

Therefore, total quantity required   =    35 + 1.75  = 36.75  = 37 kg/ ha.  

Example 3. Work out the seed requirement of transplanted crop in kg/ha 

1.  Spacing : 60 x 30 cm,    2. No. of seedling / hill : two,  

3.  Germination:  80 %        4. Purity: 90 %,     5. Test wt: 30 gm,                   

6. No. of damaged seedling at the time of uprooting: 20 %,                          

7.   No. seedling required for gap filling: 5  per 5 sq. m. 

Solution:  

Total No. of seedling required for T.P + No. seedling damaged during uprooting + No. of 

seedling required for gap filling 

The No. seedling required for T.P. /ha  =10000 x  no. of seedling/ hill 

spacing 

                                                 = 10000 x 2 

                                                     0.60 x 0.30 

                                                =   10000             = 1,11,110 plants 

                                                        0.18 

  No. of seedling damaged  

while uprooting                               = No. seedling required for T.P. x 20 

                                                                                             100 

                                                          = 111110 x 20=  22222plants 

                                                                    100 

Now, No. of seedling required for gap filling  =10000 x 5 

                                                                                     5    



=  10000 plants 

Therefore, total seedling required =   111110 + 22220 +10000 

=  143330 seedling /ha 

Now for seed rate calculation=   No .of seedling /ha x test wt(g) x 100 x100 

                                                    1000 x1000 x GP % x Purity % 

                                                 =   143330 x 30 x 10000 

                                                       1000 x 1000 x 80 x 90 

                                                 =    4299900 

                                                      80 x 90 x10 

=  59.72 kg/ha  = 60 kg/ha   

Self study:  

Ex.1   Work out the seed requirement of transplanted rice crop in kg/ha 

1. Spacing : 20 x 10 cm 2. No. of seedling / hill : two 

3.  Germination:  80 %        4. Purity: 90 %,     5. Test wt: 30 gm 

6. No of damaged seedling at the time of uprooting: 25 % 

7.   No. seedling required for gap filling: 5  per 5 sq. m. 

Solution:  

Ex.2    Calculate the seed rate of mustard crop in kg/ha and total seed   

required for 10.5 hectare from the following detail. 

1. Test wt.(g) : 5.20      2. Spacing (cm) :    45 x 15   

3. Germination % : 80    4. Purity % : 95  

Solution:  

 

*********** 

 

 

 

  



Exercise : 11 

Work out cost of cultivation for different field crops 

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

 

Sr. 

No. 

Name of operation Average labour unit 

required per hectare 

Man Woman Bullock 

pair 

1 Ploughing 2.5 - 2.5 

2 Harrowing 2 - 2 

3 Harrowing and planking 2.5 - 2.5 

4 Planking 1 - 1 

5 opening ridges and furrows 2.5 - 2.5 

6 Drilling with seed-drill and planking 5 - 2.5 

7 Interculturing with harrow 2.5 - 2.5 

8 Earthing up - with ridger 5 - 2.5 

9                     -with plough 2.5 - 2.5 

10 Threshing 4 - 5 

11 Winnowing 6 10 - 

12 Spreading of FYM - 5 - 

13 Dibbling and Marking-Maize 2 20 - 

14                                  - Castor 1 10 - 

15 Planting- Ginger and Turmeric 20 50 - 

16 Preparing of beds 30 - - 

17 Marking of beds 2 - - 

18 Transplanting-Paddy 20 30 - 

19                       - Tobacco - 40 - 

20                       - Fennel - 25 - 

21                       -Guinea Grass 10 16 - 

22 Broadcasting Sun hemp 1 - - 

23 Desuckering and Topping in Tobacco - 60 - 

24 Gap filling and thinning - 5 - 

25 Harvesting - Turmeric 50 10 - 



26                   -  Ginger 40 20 - 

27                   -  Bajra - 20 - 

28 Harvesting - Hill millets - 30 - 

29                   - Gram - 15 - 

30                   - Pigeon pea 10 - - 

 Harvesting and picking for kg of produce 

31 Groundnut - 1(75) - 

32 Tur pod -  - 

33 Turmeric -  - 

34 Ginger -  - 

35 Maize green cobs -  - 

36 Maize dry cobs -  - 

37 Fennel -  - 

 Tying bundles Bundles / man 

38 Jowar-Bajra 1 600 - 

39 Paddy 1 700 - 

40 Hill millets 1 600 - 

 Nipping kg/man 

41 Bajra 1 60 - 

42 Jowar 1 120 - 

43 Hill millets 1 80 - 

 Tractor cost Hours/ha Rs./Hour  

44 Ploughing 8 350  

45 Cultivator 4 300  

46 Disking 4 300  

47 Threshing - 300  

48 Planking - 200  

49 Seed drilling - 300  

50 Bund former - 200  

51 Ditcher (Ridge) - 200  

52 Leveling - 200  

53 Puddling (cage wheel) - 500/ha  

 



 

A model of prices or rates calculated for the purpose of cost of cultivation as under: 

( Only the prevailing rates to be used ) 

1 Man, Woman (except spraying or 

 dusting pesticides) 

: Rs. 260/day  

   (8 hours) 

2. Pairs of bullocks for sowing purpose : Rs. 520/day  

3. Pairs of bullocks for interculturing purpose : Rs. 520/day  

4. Ploughing by country plough per hectare require 3 days  : Rs. 780/day  

5. Harrowing by bullocks pairs - 1 day / ha  : Rs. 520/day  

6. Planking: 1 day / ha  : Rs. 260/day  

7. Tractor discing requires 3.5 hrs/ha @ Rs.600 /hr. : Rs. 2100/ha  

8. Tractor tines cultivation cross wise requires2.5 hrs/ha Rs. 500/hr. : Rs. 1250/ha  

9. Tractor ploughing requires 8 hours i.e. Rs. 500 × 8 = : Rs. 4000/day  

10. Cost of cultivation for irrigation - Rs. 100/hour 8-10hrs require 

for one ha 

Rs.1000/ha 

11. Lay-out for irrigation (land preparation) – 15 labours/ha  : Rs. 3900/day  

12. Cost of drilling of fertilizers – One bullock pair/day/ha : Rs. 520/day  

13. Cost of manuring 5 labours/ha  : Rs. 1300/day  

14. Cost of weeding require 20 labours/ha : Rs. 5200/day  

15. Top dressing - 5 labours/ha i.e. : Rs. 1300/day  

16. Cost of spraying or dusting (Labour charges): 

5 labours/ha @ Rs. 308/labours /day  

: Rs. 1540/day 

17. Cost of seeds depends upon crop and its prevailing market rate 

18. Cost of one kg nitrogen   

             - From Urea ( kg N) : Rs. 13.87 

             - From Ammonium sulphate( kg N) : Rs. 60.00 

19. Cost of one kg P2O5  

             - From single super phosphate (SSP) (kg P2O5) : Rs. 46.63 

             - From Diammonium phosphate (DAP) ( kg N) 

             - From Diammonium phosphate (DAP) ( kg P2O5) 

: Rs. 21.10  

: Rs. 53.91 

20. Cost of one kg K2O  

             - From Muriate of potash ( kg K2O) : Rs.19.80 



21 Cost of F.Y.M. Rs. 600/tone   

             - Spreading of F.Y.M. 5 laboures/ha  : Rs. 1300/ha 

22 Cost of gap filling 5 laboures/ha   : Rs. 1300/ha 

23. Cost of thinning 5 laboures / ha  : Rs. 1300/ha 

24. Cost of dibbling  

       (i) For Maize 22 laboures / ha  : Rs. 5720/ha 

       (ii) For castor 11 laboures / ha  : Rs. 2860/day 

25. Cost of broadcasting : 2 laboures / ha : Rs. 520/day 

26. Cost of preparation of blinds  

      one bullock pair, Rs. 200/day/ha : Rs. 520/day 

27. Cost of trans[planting  

    (i)   Tobacco: 40 laboures / ha   : Rs. 10400/day 

    (ii)  Tobacco: 25 laboures / ha    : Rs. 6500/day 

    (iii) Tobacco: 50 laboures / ha   : Rs.13000/day 

28. Cost of planting: crop Ginger.  Average labour unit required/ha  

(Man- 20 + Woman - 50 = 70) 

: Rs. 18200/day 

29. Cost of harvesting  

(i) Turmeric and Ginger  : 60 laboures/ha : Rs. 15600/ha 

(ii) Bajra                           : 20 laboures/ha : Rs. 5200/ha 

(iii) Tur (1 labour picking 125 kg of Tur pod / day ) :Rs.260/125 kg  

(iv) Fennel (1 labour picking 40 kg of Fennel ) :Rs. 260/ 40 kg 

fennel 

(v) Paddy                          : 20 labours / ha : Rs. 5200/ha 

(vi) Maize and Castor        :  30 labours / ha : Rs. 7800/ha 

(vii) Sesamum                     :  15 labours / ha : Rs. 3900/ha 

(viii) Ground nut uprooting  

(Tractor harrowing 4 hours @ Rs 500/hr. + 2 labours) : Rs. 2520/ha 

(1 labour picking 75 kg of ground nut pods from soil) : Rs.260/ 75 kg 

pod of G’nut 

30. Tying bundles:  

1. Paddy                                : 20 labours / ha : Rs. 5200/ha 

2. Bajra                                  : 15 labours / ha : Rs. 3900/ha 



31. Threshing and winnowing :  

(i) Paddy                                 : 50 labours / ha : Rs. 13000/ha 

(ii) Bajra                                  : 25  labours / ha : Rs. 6500/ha 

(iii) Maize                                 : 40 labours / ha : Rs. 10400/ha 

(iv) Sesamum                            : 25 labours / ha : Rs. 6500/ha 

(v) Castor                                 : 60 labours / ha : Rs. 15600/ha 

32. Interest on working capital : 12 % per annum for the duration of the crop. 

33. Depreciation of farm building : @ 5 % on Kachha and 2 % on Pakka building. 

34. Interest on owned fixed capital. : @ 6 % per annum 

35. Rental value of owned land income. : @  16 % of gross income. 

36. Supervision charges: 10 % of gross income. : 10 % of gross income. 

37. Charges of repairing & depreciation 

 of farm implements  

: @ 5 % per annum. 

38. Price / rate of fertilizers:  

1. Urea             : Rs. 319 / 50 kg bag            

2. A.S.              : Rs. 600 / 50 kg bag         

3. S.S.P.           : Rs. 373 / 50 kg bag       

4. M.o.P.          : Rs. 594 / 50 kg bag         

5. D.A.P.          : Rs. 1240 / 50 kg bag       

 

*********** 

 

 


