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ntroduction

Some statistics about India
Area: 329 m ha
Rank in the world: A
Proportion of the world area: 2.5%
Proportion of the world population: 17%
Net sown area: 141 m ha

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

NE Borlaug, Nobel Laureate

Borlough & Dowswell (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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FERTILIZER CONSUMPTION
&
FOODGRAIN PRODUCTION
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Trends in Fertilizer N, P, K and S consumption
and Foodgrain production in India
(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
additions resulting in continuous depletion of
solil fertility

- The gap between removal and addition of
fertilizers ~ 10 million tons
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Disparities in fertilizer consumption

N+P,0:+K,0 consumption

India = 112 kg NPK/ha

Rajasthan = 43 kg NPK/ha

Punjab = 209 kg NPK/ha
N:P,0::K,0 consumption ratio

India 55: 221

Tamil Nadu 1.8: 0.8:1

Punjab 23.3. 6.5:1

DECLINING CROP RESPONSE
T0
FERTILIZER APPLICATION
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Partial factor productivity of fertilizer NPK for
foodgrain production

kg foodgrain kg'1 nutrient

0
1970-71 1980-81 1990-91 2000-01 2007-08

In India, Response ratio for fertilizer NPK has declined
from 50 in 1970/71 to ~ 10 kg grain/kg nutrient

Nutrient response ratios in cereals
(kg grain kg! nutrient)

100% NPK+FYM, R? = 0.1884
—_—

100% NPK, R? = 8E-8

150% NPK, R? = 0.0661

Response ratio

~100% NP R? = 0.7109

100% N, R? = 0.7372

1980 1990 2000 2010

Data from LTFE averaged over 1972-2003 and several locations
of rice, wheat, maize and finger millet

Samra, 2006
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Reasons for declining factor productivity

1 Imbalanced fertilization

1 Gradual decline in the supply of soil
nutrients causing macro- and micro-
nutrient deficiencies
1 Changes in amount and quality of soil
organic matter

1 Little recycling of organic sources

MANAGEMENT PRACTICES
TO ENHANCE FUE

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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BEST FERTILIZER SOURCE

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.

Best fertilizer source

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

Increase in yield (q/ha)

Groundnut . )
Rice-lentil o
Rice-linseed
Rice-wheat

Aulakh, 2003




Adequate rate &
diagnostic techniques

» State recommended generalized fertilizer dose (GRD)

» Soil-test based fertilizer recommendations (STRD)

» Soil-test crop response based recommendation (STCR)

» Plant analysis for diagnosing nutrient deficiencies

» Chlorophyll meter and Leaf color charts

As SOC increases, the amount of fertilizer
N required to attain a wheat yield goal

Fertilizer N (kg/ha)

N B O O
o O o o o

decreases

—o—2 t/ha
—=—3 t/ha
—a—4 t/ha
=5 t/ha

3 4 5 6 7 8 9

Soil organic carbon (g kg™)

Benbi & Chand, 2007
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Fertilizer P recommendations based on
soil test P and SOC

SOC (%)  Available P status (kg/ha)
<124 12.4-22.4 22.4-50 >50

<04 R R R R

0.4-06 R %R %R

506 R %R 0

R = Recommended P dose

Benbi & Brar, 1994

Soil test crop response based fertilizer
recommendations for rice & wheat
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Benbi et al., 2007
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Comparison of fertilizer N use efficiency by
farmers’ practice and Chlorophyll meter guided N
management in rice (mean for 22 sites)

Treatment |N rate Grain yield |AE (kg grain
(kg ha') (kg ha'l) kg! N)

No fertil. N _ 4460 = 300 _

Farmers’ 134 £ 10 6500 = 210

practice T

Chlorophyll (120 +3 (7310 £ 230

meter

Cassman et al., 1998

LCC - guided N management in rice at eleven
on-farm locations in Punjab

application |ko orain kg! N |efficiency (%)

RN = Recommended fertilizer management
LCC = Leaf color chart
-B = No basal N; +B = 20 kg N ha' applied as basal

Yadvinder-Singh et al, 2007
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Balanced fertilization

« Adequate supply of all essential nutrients
* Nutrient interrelationships
* Proper method of application

* Right time of application

Balanced fertilization and nutrient use efficiency

Crop |Soil type/ |N recovery (%) P recovery (%
Locatlon

Imef’“so"

Alflsolf EI

Wheat Wheat |Palampur

Rice | Mollsol 375 407|444 |182

|Wheat | Pantnagar

Singh et al., 2004
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Effect of adequate rates of N, Pand S
on grain yield (kg ha') of pulse crops

a25 kg N ha', *15 kg N ha"', €20 kg P,O; ha', 940 kg P,0O, ha', ¢80 kg
P,O; ha' and 20 kg S ha™!

Aulakh, 2003

Influence of balanced application of fertilizer N, P
and S on the synthesis of linolenic acid in linseed oil

% Linolenic acid in linseed oil
60 kg N + 40 kg P,Os ha'!

Aulakh et al., 1989

12/18/2008

14



12/18/2008

Nutrient interelationships

Influence of N - Pinteraction on NUE in cereals

Crop NUE (kg grain k'1 N) Interaction impact
(%)
With N With N+P  Grain
only yield

20.3 (120) 25.9 26
0 (120) 11.0 79 11 times

22.4 (120) 25.5 13

8.8 (120) 11.5 27
32.4 (75) 40.0 89

Aulakh & Malhi (2005)

Influence of nutrient interrelationships on
grain & oil yield of soybean

Treatment Seed yield Oil yield
(kg ha!) (kg ha®)
N,:PoSo 597a 111a

NosPs0S40 1735¢c 412c

N,sP120S60 1584b 359b

Application of excessive P (120 kg P,O¢ ha!) created
an imbalance and reduced the seed and oil yields

Aulakh et al., 7990
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Appropriate time of fertilizer
application

Upland crops 2 splits
(seeding, 3-5 wk)

Flooded rice 3 splits
Transplanting
3 and 6 wk

Proper method of fertilizer application

« N, K Broadcast, band placement

- P WSP as band placement in
neutral & alkaline soils

CS as broadcast in acidic soils

S Sulphate as broadcast/band,
Elemental, pyrite as broadcast

Micronutrients — Foliar sprays

Fertigation

16
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Integrated
nutrient management

Annual harvest of major food crops
and crop residues in India (1999-2000)

Crop Crop Residues Nutrients removed by residues
production produced (000t)
(million t) (million t) N P,O;5 K,O

Wheat 74 111 501 282 1422
Rice 88 115 665 263 1907
Maize |W) 17 102 55 227

Pulses 13 14 165 25
Oilseeds 21 297
Sugarcane 325 23

Total 533 307 1753 823

Fertilizers used (000t) 5810 2402 825
Aulakh , 2001
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Burning of crop residues results in loss of nutrients
and atmospheric environmental pollution.

Integrated use of fertilizer, green
manure and crop residues in rice

Treatment

Control
120 kg N/ha

GMy +
32 kg N/ha

CR@' ot GMZQ
+32 kg N/ha

LSD (0.05)

Rice
yield

t/ha

3.4
5.6
D)

A0

Denitrification
Losses

kg/ha
18

58
50

kg/ha

Nitrate Soil
Leaching Organic
C
kg/ha g/kg
59 3.7
94 BV

78 4.1

4.9

12 0.4

Aulakh et al., 2001

12/18/2008
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Impact of integrated use of fertilizer P & crop
residues on P use-efficiency in groundnut-
sunflower system

P applied to
groundnut

P applied to
sunflower

P applied to
both crops

P and CR applied
to sunflower

Sunflower seed or groundnut pod
kgke™ P)

g
g

0
20 30 40

20 30 40

20 30 40

Fertilizer P rate (kg P,Os ha™)

CR =4 t groundnut residues ha-

Integrated use of fertilizers and animal manure

20 30 40

Aulakh & Garg, 2007
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Strategies for efficient utilization
of residual nutrients

« Climatic conditions & carry-over effects
o Cereal-legume rotations

» Shallow-deep rooted crop rotations

Air temperature and rainfall distribution in
subtropical region

(north-western states of India)

50 4 7250

I Rainfall MaximumTemp ~ =Minimum Temp

Temoperture (°C)
Rainfallimm)
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Direct and residual effects of applied P on grain or seed yield
of winter crops in different crop rotations (q ha')

Winter crop

Wheat

Raya
(Mustard)

Gobhi sarson
(Rapessed)

Sunflower

Crop rotation

Groundnut-wheat

Soybean-wheat

Pigeonpea-wheat

Groundnut-raya

Groundnut-gobhi
sarson

Groundnut-
sunflower

Expt No Direct/
(years) residual

1(6) D

11 (4)

R
D
R
m@) D
R
D

1(7)

1(7)

1(4)

Applied P levels (kg P,O; ha') CD
0 30 0 e (%

30.2 40.7 - 25
30.2 351 - 25
343 - 2.6
343 - 2.6
28.2
28.2
9.5 . 0.7

9.5 0.7
13.6 5 )

13.6 . 14
18.6 0.8

18.6 5 - 0.8
Bahl & Aulakh, 2003

Direct and residual effects of applied P on pod yield of
groundnut and grain yield of other summer crops (q ha)

Summer crop Crop rotation

Rice
Groundnut

Groundnut

Soybean

Pigeonpea

e

Expt

Direct/

no. residual
(years)

Rice-lentil
Single crop

Groundnut-
Gobhi sarson

Soybean-
wheat

Pigeonpea-
wheat

TONL:
I6) D
I (7)

Il (3)

1(3)

Applied P levels
(kg P,O; ha)

0 20 40 60
54 60 61 66
18.9 20.4 20.9 -
9.7 14.7 -

2.9
3.0

3.0
1.4

9.7
15.4 -

13.1 -
19.2 22.5

15.4 - 19.9
52 7.9 -

52 - -

1.4
0.4

0.4

Bahl & Aulakh, 2003

12/18/2008
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Balance sheet of fertilizer P in a 25-year groundnut
based cropping system (mean of P levels)

- Total  Cropuptake  Fertilizer P
fertilizer P of fertilizer P in soil

apphed (kg P205 ha-l)

Applied to winter crop only

975 405 444
Applied to both groundnut and winter crop

1862 568 893

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)

400 600 800

Positive P balance in 25 years (kg P ha'l)

Aulakh et al., 2007
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Utilize residual P by growing crops without applying
fertilizers - groundnut and rapeseed yields after 25-

years of fertilizer P applications
Groundnut

Groundnut yield (%)
[ee] [{e)
o o

~
o
I

60 -

Direct- Year1 Year2 Year3 VYear4 Year5
applied

P

‘ OP2rate EP3rate ‘

Gobhisarson yield (%)

90

80

70 4

60 -

Rapeseed

Direct- Year1 Year3 VYear4 Year5
applied
P

Aulakh et al. (2007)
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Nitrate in soil profile (kg ha™)

Shallow-rooted rice followed by deep-rooted wheat

utilized nitrate-N in 60cm soil profile
after 2-years of rice & wheat crops

[ After Rice
W After Wheat

No Fert

With Fert

Aulakh et al., 2000
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INEFFICIENT FERTILIZER USE:

ENVIRONMENTAL IMPACTS,

AND

ANIMAL & HUMAN HEALTH

Improvement in soil health due to balanced &
INM in soybean-wheat rotation under CT & NT
MBN (ma N ko)

_--

e N G A N G
I N N N I
ot | 34 Jua [ o1 a2 | wn [

Control +CR “mm .

nmmmm -
et N O A N
Pefeecn [ s [

Shrvan Kumar, 2008
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Nitrate in groundwaters in four districts of Punjab

No. of Nitrate-N (mg N L)
Observations

Mean Range
Tubewells 236 362 1067
Hand pumps 367 5.72 1.0-11.3
Feedlots 45 4.73 1.2-10.4

Ingested nitrate is converted to nitrite — absorbed in blood causing methemoglobinemia
“Blue baby Syndrome” and gastric cancer.

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

Bajwa et al., 1996

Effect of fertilizer-P application on the distribution of
Olsen-P in the soil profile under maize-wheat and
rice-wheat rotations

Olsen-P (ppm) 0 ?Asen;l; (pp;r(‘;)
10 20 30 40 : : -

40

o

w
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—>— control (T,) - T

Soil depth (cm)
({e] [*2]
Q Q

Soil depth (cm)

ey
N
(=]

Maize-wheat rotation Rice-wheat rotation

Garg & Aulakh (2008)
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Olsen-P accumulation & leaching in soil profiles
after 29 yrs of groundnut-based cropping system

Olsen-P(mg P kg™)
10 15 20 25

—Oo—control
—O0— Winter-applied P1
—— Winter-applied P3

—m— Cummulative-applied P1

Soil depth(cm)

—A— Cummulative-applied P3

Aulakh et al., 2007

Nutrients transport to water bodies causing
eutrophication lead to algal blooms and aquatic
weeds, which causes eutrophication and formation of
trihalomethane during water chlorination

26
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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 O, shortages caused by their death and
decomposition

S deficiency causing excessive accumulation of soluble
N in alfalfa forage leading to nitrate and nitrite toxicity to
feeding animals

100%
80% r
60%
40%
20%
0%

B Soluble-N
@ Protein-N

Proportion of N fractions

NP NPS
Applied fertilizers

Aulakh et al., 1976
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Environmental Impacts:
GHG emissions

 The irrigated rice-wheat system
emitted ~15 kg N,O-N ha' year-

* Integrated nutrient management
reduced N,O & CH, emissions

» INM sequestered more carbon in soil

* Thus, INM reduced GHG loading of
atmospheric.

Prevalence of Micronutrient
Malnutrition — SE Asia

71%
57%
I ]
, , . ‘

Anemia* Zinc Vitamin A

* Most often caused by iron deficiency
Source: HarvestPlus, 2007
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Deaths associated with
malnutrition

Perinatal

22%
HIV/AIDS

4%

12/18/2008

Malnutrition is a
factor in 60 percent
of deaths of young
children worldwide.

PRIMARY CAUSE OF
DEATH AMONG
CHILDREN UNDER
AGE 5

WHO, 2004

ONCLUSION

29
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Vital roles of fertilizers

For Improving Nutrient Use
Efficiency and Sustaining Soil Health

= Soil-test based fertilizer use

= Appropriate source, time & method
= Balanced use of fertilizers

= Integrated nutrient management

= Recycling of crop residues and
agricultural waste

30
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Reliable soil testing:
a prerequisite for FUE

* There is an urgent need to ensure reliable soil
testing facilities across the country.

« Of the total 609 soil testing labs (487 static and
122 mobile), majority are managed either
by non-technical staff or by personnel other
than soil chemists.

* Another main issue is to impart knowledge to
farmers on how to collect representative soil
samples, since soil testing without
representative soil sampling will be of no use.

Benefits of Integrated use of mineral fertilizers &
organics

Integrated use of mineral fertilizers & organics in different

cropping systems that retains and incorporates the crop

residues appear agronomically feasible and

environmentally sound strategy as it has several

advantages over FN alone:

(a) Greater yields of crops.

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

(c) Decreased potential for groundwater nitrate, P & S
contamination and GHG loading of atmosphere.

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

(e) Significant improvement in soil physical condition.

(f) Greater C sequestration in soil demonstrating great potential
to improve productivity and long-term sustainability of
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

Otherwise, the pressure is building up..........

PROJECTIONS OF POPULATION GROWTH AND FOOD GRAIN DEMAND IN INDIA
2011 2025

1032 1262 1690

Food grain (Mt) demand

206 253 338

India used 18 mt NPK in 2001, 23 mt in 2007 & is likely to need
about 45 mt by 2025

32



12/18/2008

Thanks for your Kind

attention !
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