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Some statistics about IndiaSome statistics about India

Area:Area: 329 m ha329 m ha

Rank in the world:Rank in the world: 77thth

Proportion of the world area:Proportion of the world area: 2.5%2.5%

Proportion of the world population: Proportion of the world population: 17%17%

Net sown area:Net sown area: 141 m ha141 m ha

Availability of per capita gross sown area:Availability of per capita gross sown area:
declined from 0.36 ha to 0.16 ha in 60 yearsdeclined from 0.36 ha to 0.16 ha in 60 years
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Role of fertilizers in food security, Role of fertilizers in food security, 

environment safety and peaceenvironment safety and peace

� If HYVs were the catalyst that ignited the 
green revolution then chemical fertilizers 
were the fuel that powered its forward 
thrust. 

NE Borlaug, Nobel LaureateNE Borlaug, Nobel Laureate

� Most populous countries, India and China, 
would have been required to put 2-3 times 
more land under cereal crops to meet the 
food needs of 1991 if they had not increased 
the input of fertilizers and had continued to 
use the technology of 1960. 

BorloughBorlough & & DowswellDowswell (1994), WSSC, Acapulco(1994), WSSC, Acapulco

Use of adequate amount of fertilizers along with 
development of other production technologies have played 
a key role in augmenting foodgrain production by 2-3 

times. However………
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However, deficiency/toxicity of one or the other
essential nutrient could hamper the harnessing of
sustainable optimum crop yield potential
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Trends in Fertilizer N, P, K and S consumption Trends in Fertilizer N, P, K and S consumption 
and Foodgrain production in India and Foodgrain production in India 

(1950/51 to 2007/08)(1950/51 to 2007/08)
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Mining of nutrients from soil

Fertilizer Nutrient Input 23 mt

Nutrient Removal 33 mt

Nutrient Deficit 10 mt

Nutrient Input thro’ organics 4 mt

Balance -6 mt

•• The crop removal of nutrients is well above The crop removal of nutrients is well above 
additions resulting in continuous depletion of additions resulting in continuous depletion of 
soil fertilitysoil fertility

•• The gap between removal and addition of The gap between removal and addition of 
fertilizers ~ 10 million tonsfertilizers ~ 10 million tons
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N+PN+P22OO55+K+K22O consumptionO consumption

IndiaIndia =  112 kg NPK/ha=  112 kg NPK/ha

RajasthanRajasthan =  43 kg NPK/ha =  43 kg NPK/ha 

PunjabPunjab = 209 kg NPK/ha= 209 kg NPK/ha

N:PN:P22OO55:K:K22O consumption ratioO consumption ratio

IndiaIndia 5.5:5.5: 2.2:2.2:11

Tamil NaduTamil Nadu 1.8:    0.8:1.8:    0.8:11

PunjabPunjab 23.3:23.3: 6.5:6.5:11

Disparities in fertilizer consumptionDisparities in fertilizer consumption
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Partial factor productivity of fertilizer NPK for Partial factor productivity of fertilizer NPK for 
foodgrain production foodgrain production 
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Data from LTFE averaged over 1972Data from LTFE averaged over 1972--2003 and several locations 2003 and several locations 

of rice, wheat, maize and finger milletof rice, wheat, maize and finger millet
SamraSamra, 2006, 2006
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Reasons for declining factor productivityReasons for declining factor productivity

ImbalancedImbalanced fertilizationfertilization

GradualGradual declinedecline inin thethe supplysupply ofof soilsoil

nutrientsnutrients causingcausing macromacro-- andand micromicro--

nutrientnutrient deficienciesdeficiencies

ChangesChanges inin amountamount andand qualityquality ofof soilsoil

organicorganic mattermatter

LittleLittle recyclingrecycling ofof organicorganic sourcessources

• Best fertilizer source 

• Adequate rate & diagnostic techniques

• Proper method & right time of fertilizer 
application

• Balanced fertilization

• Nutrient interrelationships

• Integrated nutrient management

• Time of seeding of crops

• Utilization of residual nutrients
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• Nitrogen: Ammoniacal vs Nitrate 

• Phosphorus: Water soluble vs Citrate soluble

• Potassium: Muriate of Potash

• Sulphur: Sulphate vs Elemental S

• Multinutrient fertilizers:  MAP, DAP, SSP, Nitrophosphates

• Multinutrient mixtures:   Several combinations of NPK

• Fortified fertilizers: Neem-coated urea, zincated urea, 
boronated SSP, AP+S, NPKS mix.

Increase in crop productivity with the application of Increase in crop productivity with the application of 
P through DAP and SSP at recommended P rateP through DAP and SSP at recommended P rate

Groundnut
Rice-lentil

Rice-linseed
Rice-wheat
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•• State recommended generalized fertilizer dose (GRD)State recommended generalized fertilizer dose (GRD)

•• SoilSoil--test based fertilizer recommendations (STRD)test based fertilizer recommendations (STRD)

•• SoilSoil--test crop response based recommendation (STCR)test crop response based recommendation (STCR)

•• Plant analysis for diagnosing nutrient deficienciesPlant analysis for diagnosing nutrient deficiencies

•• Chlorophyll meter and Leaf color chartsChlorophyll meter and Leaf color charts

As SOC increases, the amount of fertilizer As SOC increases, the amount of fertilizer 

N required to attain a wheat yield goal N required to attain a wheat yield goal 

decreasesdecreases
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Fertilizer P recommendations based on Fertilizer P recommendations based on 

soil test P and SOCsoil test P and SOC

SOC (%) Available P status (kg/ha)

<12.4 12.4-22.4 22.4-50 >50

<0.4 R R R R

0.4-0.6 R ¾ R ½ R 0

>0.6 R ½ R 0 0

Benbi & Brar, 1994Benbi & Brar, 1994

R = Recommended P doseR = Recommended P dose

Soil test crop response based fertilizer Soil test crop response based fertilizer 
recommendations for rice &  wheatrecommendations for rice &  wheat
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Comparison of fertilizer N use efficiency by Comparison of fertilizer N use efficiency by 
farmers’ practice and Chlorophyll meter guided N farmers’ practice and Chlorophyll meter guided N 

management in rice management in rice (mean for 22 sites) (mean for 22 sites) 

Treatment N rate

(kg ha-1)

Grain yield

(kg ha-1)

AE (kg grain 

kg-1 N)

No fertil. N 0 4460 ± 300 -

Farmers’

practice

134 ± 10 6500 ± 210 15.3±2.2

ChlorophyllChlorophyll

metermeter

120120 ±± 33 73107310 ±± 230230 2323..77±±22..44

CassmanCassman et al., 1998et al., 1998

LCC LCC –– guided N management in rice at eleven guided N management in rice at eleven 
onon--farm locations in Punjabfarm locations in Punjab

Method of 

application

AE

kg grain kg-1 N

Recovery 

efficiency (%)

RN 11.3 39.8

LCC (-B) 19.2 58.3

LCC (+B) 16.4 52.7

LSD (0.05) 4.3 5.9

RN = Recommended fertilizer management RN = Recommended fertilizer management 

LCC = Leaf LCC = Leaf colorcolor chart chart 
--B = No basal N; +B = 20 kg N haB = No basal N; +B = 20 kg N ha--11 applied as basal applied as basal 

YadvinderYadvinder--Singh et al, 2007Singh et al, 2007
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•• Adequate supply of all essential nutrientsAdequate supply of all essential nutrients

•• Nutrient interrelationshipsNutrient interrelationships

•• Proper method of applicationProper method of application

•• Right time of application Right time of application 

Balanced fertilization and nutrient use efficiency Balanced fertilization and nutrient use efficiency 

Crop Soil type/

Location

N recovery (%) P recovery (%)

N NP NPK NP NPK

Maize Inceptisol/ 

Ludhiana

16.7 23.5 36.4 10.3 21.4

Wheat 32.0 50.6 63.1 20.6 30.7

Maize Alfisol/ 

Palampur

6.4 34.7 52.6 21.8 35.6

Wheat 1.9 35.6 50.6 10.7 15.2

Rice Mollisol/ 

Pantnagar

37.5 40.7 44.4 18.2 23.3

Wheat 42.4 46.1 48.4 11.2 10.4

Singh et al., 2004Singh et al., 2004
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Effect of adequate rates of N, P and S Effect of adequate rates of N, P and S 

on grain yield (kg haon grain yield (kg ha--11) of pulse crops ) of pulse crops 

Crop Applied fertilizer nutrients 

N N + P N + P + S

Soybean 550a 1460e 1680f

Pigeonpea 890b 910c 1010f

Chickpea 1160b 1470c 1630f

Lentil 1510b 1610d 1930f

Cowpea 2120b 2340c 2420f

aa25 kg N25 kg N haha--11, , bb15 kg N15 kg N haha--11, , cc20 kg P20 kg P22OO55 haha--11, , dd40 kg P40 kg P22OO55 haha--11, , ee80 kg 80 kg 

PP22OO55 haha--11 and and ff20 kg S20 kg S haha--11

Aulakh, 2003Aulakh, 2003

Influence of balanced application of fertilizer N, P 

and S on the synthesis of linolenic acid in linseed oil
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Crop NUE (kg grain kg
-1

 N) Interaction impact 

(%) 

 With N 

only 

With N+P Grain 

yield 

NUE 

    

Wheat 20.3 (120) 25.9 26 28 

 0 (120) 11.0 79 11 times 

     

Rice 22.4 (120) 25.5 13 14 

     

Maize 8.8 (120) 11.5 27 96 

 32.4 (75) 40.0 89 23 
 

Influence of N ···· P interaction on NUE in cereals 

Aulakh & Malhi (2005)

Nutrient Nutrient interelationshipsinterelationships

TreatmentTreatment Seed yieldSeed yield

(kg ha(kg ha-1))

Oil yieldOil yield

(kg ha(kg ha-1))

NN2525PP00SS00 597a 111a

NN2525PP8080SS4040 1735c 412c

NN2525PP120120SS6060 1584b 359b

Influence of nutrient interrelationships on Influence of nutrient interrelationships on 

grain & oil yield of soybeangrain & oil yield of soybean

Application of excessive P (120 kg P2O5 ha-1) created 
an imbalance and reduced the seed and oil yields

Aulakh et al., 1990
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Appropriate time of fertilizer Appropriate time of fertilizer 
applicationapplication

Upland cropsUpland crops 2 splits2 splits

(seeding, 3(seeding, 3--5 wk)5 wk)

Flooded riceFlooded rice 3 splits3 splits

TransplantingTransplanting

3 and 6 wk3 and 6 wk

Proper method of fertilizer applicationProper method of fertilizer application

•• N, KN, K -- Broadcast, band placementBroadcast, band placement

•• PP -- WSP as band placement in WSP as band placement in 

neutral & alkaline soilsneutral & alkaline soils

-- CS as broadcast in acidic soilsCS as broadcast in acidic soils

•• S S -- SulphateSulphate as broadcast/band, as broadcast/band, 

Elemental, pyrite as broadcastElemental, pyrite as broadcast

•• Micronutrients Micronutrients –– Foliar spraysFoliar sprays

•• FertigationFertigation
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Annual harvest of major food crops 

and crop residues in India (1999-2000) 
 

Nutrients removed by residues 
(000t) 

Crop Crop 

production 
(million t) 

Residues 

produced 
(million t) N P2O5 K2O 

 

Wheat 
 

 74 

 

111 

 

 501 

 

282 

 

1422 

Rice  88 115  665 263 1907 

Maize  12  17  102  55  227 

Pulses  13  14  165  25  207 

Oilseeds  21  43  297 195  102 

Sugarcane 325   7   23   3 33 

 

Total 533 307 1753  823 3898 

 
Fertilizers used (000t) 

 

5810 

 

2402 

 

 825 
 

Aulakh , 2001
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Burning of crop residues results in loss of nutrients Burning of crop residues results in loss of nutrients 

and atmospheric environmental pollution.and atmospheric environmental pollution.

Integrated use of fertilizer, green 

manure and crop residues in rice 
 

Treatment Rice 

yield 

Denitrification 

Losses 

N20 

Emissions 

Nitrate 

Leaching 

Soil 

Organic 

C 

 t/ha kg/ha kg/ha kg/ha g/kg 

Control 3.4 18 6.9 59 3.7 

120 kg N/ha 5.6 58 12.4 94 3.7 

GM20 +  

32 kg N/ha 

 

5.9 50 11.8 78 4.1 

CR6 + GM20  

+ 32 kg N/ha 

 

5.9 52 11.8 - 4.9 

LSD (0.05) 0.2 6 3.4 12 0.4 

 
Aulakh et al., 2001Aulakh et al., 2001
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Impact of integrated use of fertilizer P & crop Impact of integrated use of fertilizer P & crop 
residues on  P useresidues on  P use--efficiency in groundnutefficiency in groundnut––

sunflower systemsunflower system

CR = 4 t groundnut residues haCR = 4 t groundnut residues ha--11
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Integrated use of fertilizers and animal manure Integrated use of fertilizers and animal manure 
results in buildresults in build--up of SOCup of SOC

Biswas & Benbi, 1997
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•• Climatic conditions & carryClimatic conditions & carry--over effectsover effects

•• CerealCereal--legume rotationslegume rotations

•• ShallowShallow--deep rooted crop rotationsdeep rooted crop rotations

Air temperature and rainfall distribution in 

subtropical region

(north-western states of India)
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Winter cropWinter crop Crop rotationCrop rotation Expt No Expt No 
(years)(years)

Direct/ Direct/ 

residualresidual
Applied P levels (kg PApplied P levels (kg P22OO55 haha--11)) CDCD

(5 %)(5 %)
00 3030 4040 6060

WheatWheat GroundnutGroundnut--wheatwheat I (6)I (6) DD 30.230.2 40.740.7 -- 45.345.3 2.52.5

RR 30.230.2 35.135.1 -- 42.742.7 2.52.5

SoybeanSoybean--wheatwheat II (4)II (4) DD 34.334.3 -- 41.641.6 48.448.4 2.62.6

RR 34.334.3 -- 37.637.6 40.240.2 2.62.6

PigeonpeaPigeonpea--wheatwheat III (3)III (3) DD 28.228.2 40.340.3 -- 41.441.4

RR 28.228.2 34.434.4 -- 39.239.2

Raya Raya 
(Mustard)(Mustard)

GroundnutGroundnut--rayaraya I (7)I (7) DD 9.59.5 -- 14.514.5 14.514.5 0.70.7

RR 9.59.5 -- 12.412.4 12.812.8 0.70.7

Gobhi sarson Gobhi sarson 
(Rapessed)(Rapessed)

GroundnutGroundnut--gobhi gobhi 
sarsonsarson

I (7)I (7) DD 13.613.6 19.919.9 20.620.6 -- 1.41.4

RR 13.613.6 17.117.1 18.418.4 -- 1.41.4

SunflowerSunflower GroundnutGroundnut--
sunflowersunflower

I (4)I (4) DD 18.618.6 25.925.9 26.026.0 0.80.8

RR 18.618.6 21.821.8 23.123.1 -- 0.80.8

Direct and residual effects of applied P on grain or seed yield 

of winter crops in different crop rotations (q ha-1)

Bahl & Aulakh, 2003

Summer cropSummer crop Crop rotationCrop rotation Expt Expt 
no.no.
(years)(years)

Direct/ Direct/ 
residualresidual

Applied P levels Applied P levels 
(kg P(kg P22OO55 haha--11))

CDCD
(5 %)(5 %)

00 2020 4040 6060

RiceRice RiceRice--lentillentil I (1)I (1) RR 5454 6060 6161 6666

GroundnutGroundnut Single cropSingle crop I (6)I (6) DD 18.918.9 20.420.4 20.920.9 -- 2.92.9

GroundnutGroundnut GroundnutGroundnut--
Gobhi sarsonGobhi sarson

II (7)II (7) DD 9.79.7 14.314.3 14.714.7 -- 3.03.0

RR 9.79.7 13.113.1 14.614.6 -- 3.03.0

SoybeanSoybean SoybeanSoybean--
wheatwheat

II (3)II (3) DD 15.415.4 -- 19.219.2 22.522.5 1.41.4

RR 15.415.4 -- -- 19.919.9 1.41.4

PigeonpeaPigeonpea PigeonpeaPigeonpea--
wheatwheat

I (3)I (3) DD 5.25.2 7.97.9 9.49.4 -- 0.40.4

RR 5.25.2 -- -- 9.49.4 0.40.4

Direct and residual effects of applied P on pod yield of 

groundnut and grain yield of other summer crops (q ha-1)

Bahl & Aulakh, 2003
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Balance sheet of fertilizer P in a 25-year groundnut 
based cropping system (mean of P levels)

(kg P2O5 ha-1)

8935681862

Applied to both groundnut and winter crop
444405975

Applied to winter crop only

Fertilizer P 

in soil

Crop uptake 

of fertilizer P 

Total 

fertilizer P 

applied

Aulakh et al. , 2003

Relationship between positive P balance 

and Olsen-P in soil after 25 years

Y = 0.049 x + 21.37; r = 0.86 (p = 0.01)
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Utilize residual P by growing crops without applying 
fertilizers - groundnut and rapeseed yields after 25-
years of fertilizer P applications
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Shallow-rooted rice followed by deep-rooted wheat 

utilized nitrate-N in 60cm soil profile

(after 2-years of rice & wheat crops)
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Treatments TOC (Mg C ha-1) PMN (mg N kg-1) MBN (mg N kg-1)

CT NT CT NT CT NT

Control 2.9 3.5 2.7 3.6 5.9 6.4

N20 + P60 3.2 3.6 2.9 3.9 9.5 10.4

N20 + P60+ 10 t FYM ha-1 3.4 3.8 5.1 6.5 16.0 16.8

N25+ P75 3.3 3.6 3.9 5.1 12.7 15.6

Control  + CR 3.0 3.7 3.3 4.2 7.0 7.2

N20 + P60 + CR 3.4 3.8 6.9 8.9 12.9 15.4

N20 + P60+ 10 t FYM ha-1 +CR 4.4 4.8 9.7 12.1 24.3 27.3

N25+ P75 + CR 3.7 3.8 8.4 10.3 17.6 20.5

Improvement in soil health due to balanced & Improvement in soil health due to balanced & 

INM in soybeanINM in soybean--wheat rotation under CT & NTwheat rotation under CT & NT

Shrvan Kumar, 2008
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Nitrate in Nitrate in groundwatersgroundwaters in four districts of Punjabin four districts of Punjab

No. of 

Observations

Nitrate-N (mg N L-1)

Mean Range

Tubewells 236 3.62 1.0-6.7

Hand pumps 367 5.72 1.0-11.3

Feedlots 45 4.73 1.2-10.4

BajwaBajwa et al., 1996et al., 1996

Ingested nitrate is converted to nitrite Ingested nitrate is converted to nitrite –– absorbed in blood causing absorbed in blood causing methemoglobinemiamethemoglobinemia

“Blue baby Syndrome” “Blue baby Syndrome” and gastric cancer.and gastric cancer.

Safe limit is 10 mg nitrateSafe limit is 10 mg nitrate--N per N per litrelitre of water.of water.

Effect of fertilizer-P application on the distribution of 
Olsen-P in the soil profile under maize-wheat and 
rice-wheat rotations
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Garg & Aulakh (2008)
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Olsen-P accumulation & leaching in soil profiles 
after 29 yrs of groundnut-based cropping system
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Nutrients transport to water bodies causing 
eutrophication lead to algal blooms and aquatic 
weeds, which causes eutrophication and formation of 
trihalomethane during water chlorination
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Eutrophication restricts water use for fisheries, 
recreation, industry, and drinking due to the increased 
growth of undesirable algae and aquatic weeds and 
resulting O2 shortages caused by their death and 
decomposition
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S deficiency causing excessive accumulation of soluble S deficiency causing excessive accumulation of soluble 

N in alfalfa forage leading to N in alfalfa forage leading to nitrate and nitrite toxicity to nitrate and nitrite toxicity to 

feeding animalsfeeding animals

Aulakh et al., 1976Aulakh et al., 1976
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Environmental Impacts:Environmental Impacts:
GHG emissionsGHG emissions

•• The irrigated riceThe irrigated rice--wheat system wheat system 

emitted emitted ~~~~~~~~15 kg N15 kg N22OO--N haN ha--11 yearyear--11

•• Integrated nutrient management Integrated nutrient management 

reduced Nreduced N22O & CHO & CH44 emissionsemissions

•• INM sequestered more carbon in soilINM sequestered more carbon in soil

•• Thus, INM reduced GHG loading of Thus, INM reduced GHG loading of 

atmospheric.atmospheric.
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Malnutrition is a Malnutrition is a 

factor in 60 percentfactor in 60 percent

of deaths of young of deaths of young 

children worldwide.children worldwide.

PRIMARY CAUSE OF PRIMARY CAUSE OF 

DEATH AMONG DEATH AMONG 

CHILDREN UNDER CHILDREN UNDER 

AGE 5AGE 5

WHO, 2004WHO, 2004
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Vital roles of fertilizersVital roles of fertilizers

� Crop production

� Sustainable soil fertility & 
productivity

� Environmental safety

� Animal & human health

For Improving Nutrient Use For Improving Nutrient Use 

Efficiency and Sustaining Soil HealthEfficiency and Sustaining Soil Health

�������� SoilSoil--test based fertilizer usetest based fertilizer use

�������� Appropriate source, time & method Appropriate source, time & method 

�������� Balanced use of fertilizersBalanced use of fertilizers

�������� Integrated nutrient managementIntegrated nutrient management

�������� Recycling of crop residues and Recycling of crop residues and 

agricultural wasteagricultural waste
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•• There is an urgent need to ensure reliable soil There is an urgent need to ensure reliable soil 

testing facilities across the country.testing facilities across the country.

•• Of the total 609 soil testing labs (487 static and Of the total 609 soil testing labs (487 static and 

122 mobile), majority are managed either 122 mobile), majority are managed either 

by nonby non--technical staff or by personnel other technical staff or by personnel other 

than soil chemists.than soil chemists.

•• Another main issue is to impart knowledge to Another main issue is to impart knowledge to 

farmers on how to collect representative soil farmers on how to collect representative soil 
samples, since soil testing without samples, since soil testing without 
representative soil sampling will be of no use.representative soil sampling will be of no use.

Reliable soil testing:Reliable soil testing:
a prerequisite for FUE a prerequisite for FUE 

Benefits of Integrated use of mineral fertilizers & Benefits of Integrated use of mineral fertilizers & 

organicsorganics

Integrated use of mineral fertilizers & organics in different Integrated use of mineral fertilizers & organics in different 

cropping systems that retains and incorporates the crop cropping systems that retains and incorporates the crop 

residues appear agronomically feasible and residues appear agronomically feasible and 

environmentally sound strategy as it has several environmentally sound strategy as it has several 
advantages over FN alone: advantages over FN alone: 

(a) Greater yields of crops.(a) Greater yields of crops.

(b) Reduction in fertilizer N use (25 to 50%).(b) Reduction in fertilizer N use (25 to 50%).

(c) Decreased potential for groundwater nitrate, P & S (c) Decreased potential for groundwater nitrate, P & S 

contamination and GHG loading of atmosphere.contamination and GHG loading of atmosphere.

(d) Feasibility of management of wide C:N ratio crop residues.(d) Feasibility of management of wide C:N ratio crop residues.

(e) Significant improvement in soil physical condition. (e) Significant improvement in soil physical condition. 

(f) Greater C sequestration in soil demonstrating great potential (f) Greater C sequestration in soil demonstrating great potential 

to improve productivity and longto improve productivity and long--term sustainability of term sustainability of 

these systems.these systems.
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Conservation of natural resources while using
minimum energy – by retaining crop residues,
reducing tillage, growing legumes in rotation
would lead to sustainability
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2001 2011 2025

Population (million)

1032 1262 1690

Food grain (Mt) demand

206 253 338

PROJECTIONS OF POPULATION GROWTH AND FOOD GRAIN DEMAND IN INDIA

India uIndia used 18 sed 18 mtmt NPK in 2001, 23 NPK in 2001, 23 mtmt in 2007 & is likely to need in 2007 & is likely to need 

about 45 about 45 mtmt by 2025by 2025
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