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Presentation overview

e Soil health and its measurement

* India’s soil health status as per Soil
Health Card Scheme

* Linkages between soil health and
chemical fertilizer usage

* Improving soil organic carbon

* Gaps and challenges
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What is soil health?

» Capacity of soil to sustain the productivity, diversity, and
environmental services of terrestrial ecosystems; Linked to soil
fertility, which is linked to crop productivity

* Functions of a healthy soil (examples)
* Medium for plant growth
* Regulating hydrological and nutrient cycles
* Maintaining biological activities
* Store carbon

* Crucial components of overall soil health: physical, chemical and
biological health

* Threats to soil health (e.g.): intensive agricultural practices, changes
in land use patterns, deforestation and soil erosion
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Soil health measurement

Soil parameters

pH and Electrical
conductivity
Chemical parameters
* Macronutrients (e.g., N, P,
K)
* Micronutrients (E.g., Cu,
Mn, B)
Biological parameters
* E.g, microbial biomass, soil
respiration, earthworm
population
Physical parameters
* E.g., water holding
capacity, bulk density,
aggregate stability

SUSTAINABLE FOOD SYSTEMS

Chemical parameters Physical parameters Biological parameters

SHC-India

Macronutrients: Nitrogen,
phosphorus, potassium,
organic carbon.
Micronutrients: Sulphur, iron,
zinc, copper, manganese and
boron

Electrical conductivity and pH

FAD's GLOSOLAN (in addition
to SHC-India)

Total soluble salt content
Microzlements: Chloring

moly bdenum, nickel

USDA's NRCS

Reaction carbon, pH,
phosphorus, soil nitrate,
electrical conductivity

FAQ's GLOSOLAN
Aggregate stability, coarse
fragments, particle-size
distribution, water retention
curve, porosity, hydraulic
conductivity, soil moisture
content, soil crusts

USDA's NRCS

Aggregate stability, slaking,
bulk density, soil structures
and macropores, available
water capacity, infiltration

FAQ's GLOSOLAN

Soil microbial biomass, soil
respiration, enzyme activity,
s0il mesofauna, eartimworm
populations

USDA's NRCS

Particulate organic matter,
soil respiration, soil enzymes,
potentially mineralizable
nitrogen, eartiworms

Sources: FAO-GLOSOLAN, ‘Standard Operating Procedures’7; USDA-NRSC, ‘Cropland in Field Soil Health

Assessment Guide; Soil Health Card Scheme Dashboard, Ministry of Agriculture and Farmers Welfare

International bodies, Indian scientific community recommend @

integrating biological indicators and physical indicators for

comprehensive assessment of soil health




India’s soil health status as per Soil Health Card Scheme
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Soil Health Card Scheme

* India’s primary soil monitoring mechanism

* Launched January 2015, under National Mission for Sustainable
Agriculture; merged under Rashtriya Krishi Vikas Yojana since 2022-23
under Soil Health component

* Aims to provide farmers, through Soil Health Cards:
* Soil nutrient status of their agricultural land
* Fertilizer use recommendations
* Soil amendments for long term fertility and crop productivity

* About 7.3 crore soil samples tested under RKVY until March 2025; in 2025-
26, (as on today), 73.7 lakh (>seven million) tests done; SHC given

* During 2023-25: 1.3 crore soil samples tested for different parameters

* Scheme based segregation of testing data in SHC portal (e.g., NMNF, PKVY)
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Soil nutrient standards as per SHC scheme

*  pH- Acidic: < 6.5; Normal: 6.5-8.2; Alkaline: > 8.2

* EC (dSm/m) - Normal: < 1: Medium: 1-3; Harmful: > 3

*  Organic Carbon (per cent) - Low: < 0.5; Medium: 0.5-0.75; High: > 0.75

*  Available Nitrogen (kg/ha) - Low: < 240; Medium: 240-480; High: > 480
*  Available Phosphorus (kg/ha) - Low: < 28; Medium: 28-56; High: > 56

»  Available Potassium (kg/ha) - Low: < 110; Medium: 110-280; High: > 280
*  Sulphur (ppm) - Low: < 10; Medium: 10-20; High: > 20

*  Magnesium (ppm) - Low: < 1; Medium: 1-2; High: > 2

«  Calcium (ppm) - Low: < L.5; Medium: 1.5-3.0; High: > 3.0

*  Zinc (ppm) - Low: < 0.5; Medium: 0.5-1.0; High: > 1.0

*  Ferrous (ppm) - Low: < 5; Medium: 5-10; High: > 10

*  Manganese (ppm) - Low: < 5; Medium: 5-10; High: > 10

*  Copper (ppm) - Low: < 0.2; Medium: 0.2-0.4; High: > 0.4

Source: Soil Health Card (SHC) Scheme: Manual for District-Level Functionaries, (2017)

SUSTAINABLE FOOD SYSTEMS




o [ yebipueyy

£00°0 | Anduepy

1070 | yHepe

900 | Auayanpng

10 | 4eqooiN 77 UeWEPUY

81’0 | 209

veo | weoap
L£0 o eheeybapy
eandi g
wppps
ysape.ad [eysewy
ysape.d [eyoeuniy
BlEay
pueebep
AwuysEy| 7§ nuer

euebuem ]
PUELPEIETI
qefung
yefsipeyyn
puELppEyr
EYEJELLIET
Bysp0
ueisefey

NPEN [Iwe |
[efiuag 3sam
USAPEA] BMPUY
EUSEABE Y
ey

yeaelng
BUBAIEH

eSSy

Ysapeld JE3n
ysapedd ey pey

[
T'el
651

1 1 1 1T T @&
FELNg®eENS

e v GE-£208 ‘pRisa) sadueg

Samples tested across states under SHC scheme, 2023-25
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Macronutrient, pH and EC status of soil: National level

6
485 23 1'4 115
30
QOrganic Mitrogen
carbon pH
285 64
861
% High ™ % Medium B% Low % High % Medium B3 Low

W26 Alkaline  © % Acidic ™ % Neutral

136 137 4.4
449 335 u

Phosphorus Potassium Electrical
conductivity
414
527
95.6
% High ™% Medium % Low 9% High * % Medium ®% Low % Non-Saline Mm% Saline
Majority of Indian soils deficient in nitrogen (N) and organic Indian soil largely neutral pH
carbon; Phosphorus (P) and potassium (K) levels better and non-saline

Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare
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Micronutrient status of soil: National level

241 35
Iron Zinc

Sulphur

75.5

65
759
% Sufficient W% Deficient % Sufficient % Deficient 9% Sufficient % Deficient
52
- -
Copper
Manganese
Q4.8
554 873
% Sufficient W% Deficient o, Sufficient  m9% Deficient % Sufficient W% Deficient

Notable deficiency in zinc and boron levels samples tested; others sufficient

Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare
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Nutrient status of soil: State level
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Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare

Organic carbon and nitrogen in agriculturally-relevant states, 2023-25

>50 per cent samples in nine
states with ‘low’ organic
carbon

>50 per cent samples in 18
states with ‘low’ nitrogen



Linkages between soil health and chemical fertilizer usage
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Fertilizer consumption and subsidy
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Between 2013-14 and
2023-24, fertilizer
consumption rose by
19.5%

Government spending on
fertilizer subsidy rise by
180.5% at same time
Fertilizer consumption
skewed towards urea;
68% of total consumption
Heaviest subsidy for urea
sale




PM Programme for Restoration, Awareness Generation, Nourishment and
Amelioration of Mother Earth (PM-PRANAM)

* Approved in 2023 to check growing subsidy on fertilizers and
promote sustainable agricultural practices

* Scheme pushes for balanced fertilizer use
* Incentives to states/UTs [receive grant equivalent to 50% of
their saved fertilizer subsidy]

* In 2023-24, 14 states collectively reduced their chemical fertilizer
consumption by 1.51 million tonne (MT) across urea, DAP, NPK,
MOP, relative to their 3-year avg

* Karnataka contributed ~30% of the total reduction
* Maharashtra, West Bengal and Andhra Pradesh contributed
58%
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Nitrogen fertilizer consumption and soil nitrogen levels
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Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare; Fertilizer Statistics,
The Fertilizer Association of India (yearly reports 2020-24)
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Phosphorus fertilizer consumption and soil phosphorus levels
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Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare; Fertilizer Statistics,
The Fertilizer Association of India (yearly reports 2020-24)
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Potassium fertilizer consumption and soil potassium levels
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Avg K fertiliser consumption, 2021-24 (kg ha)

Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare; Fertilizer Statistics, The Fertilizer
Association of India (yearly reports 2020-24)
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National avg of potassium
(K) fertilizer consumption:
10.4 kg/ha for 2021-24

e 10 states/UTs above

avg; 16 below

None have >50% samples
with ‘low’ K levels
3/16 has >50% samples with
‘low’ K levels



Total NPK fertilizer consumption and soil organic carbon levels
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Source: Soil Health Card Nutrient Dashboard, Ministry of Agriculture and Farmers Welfare; Fertilizer Statistics, The
Fertilizer Association of India (yearly reports 2020-24)

National avg of NPK
fertilizer consumption:
146.6 kg/ha for 2021-24
e 12 states/UTs above
avg; 15 below
5/12 states have >50%
samples with ‘low’ SOC;
2/12 have >50 per cent
samples with ‘high’ SOC
5/15 states have >50%
samples with ‘low’ SOC;
4/15 have > 50% samples
with ‘high’” SOC




Correlation: fertilizer consumption and samples with low soil nutrient levels

N fertilizer and soil N

Moderately +ve
correlation (R=0.36)
between N consumption
and samples with low soil
N

Suggesting N fertilizer
consumption does not
result in corresponding
improvement in soil N
levels

P fertilizer and soil P

Almost no correlation
(R=-0.09) between P
consumption and samples
with low soil P levels

Suggesting that P fertilizer
consumption does not
seem to influence soil P
levels

K fertilizer and soil K

Weak negative correlation
(R=(-)0.21) between total
K fertilizer consumption
and samples with low soil
K

Suggesting that K fertilizer
consumption favourably
influences soil K levels

Total NPK fertilizer and
soil organic carbon

Moderately +ve correlation
(R=0.47) between avg NPK
consumption and samples
with low soil organic carbon

Suggesting NPK fertilizer
consumption does not
result in corresponding
improvement in soil organic
carbon levels
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Improving soil organic carbon
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Agro-ecological inputs for improved soil health

AGRO-ECOLOGICAL *
INPUTS

ORGANIC INPUTS NATURAL INPUTS

Diverse organic and natural
amendments being used to support
soil health improvement

* Biochar, an emerging soil

DRG Mm EI.D_ OTHER ORGANIC amendment produced by pyrolysis
HI.IHEE FERTILIZERS FEﬂI'I;L]ﬁEI;SI of biomass;
* Can enhance fertility, retain
v .
'« Compost # Nitrogen fixing Lo moisture, serve as long-term
Fhosphat #* Bonemeal ® Jevam .
 iine  sokbizing = Biochar ® Ghanajeevamsit carbon sink
organic manure » Phosphate Sy #® Heajanmrit . . . ey
v toraaric | | mobilzing e T * Pilot projects showing positive
Manre # Binfartiliress for # Brahmastra H
® Liquid fermented micronutrients :Bnlwdimem i Impact
.':'rgmin St '“_a"t g"l:‘g“" ® Sugarcanc vinasse| | @ Dashparmi
Ilmﬂ_lat rhizobacteria ® (il cakes il
PR # Bifertilizer for o
& Farmmyard manure MEW
& ik # Silicate solubilizing
poultry manure #* Sulphur cxidizing
N "\ #Zinc solubilizing
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Experiments on natural inputs and organic farming

finding

Organic vs Diehradun Doon Wniversity, S0C much higher in organic farm than
inorgamic ICAR-Indian Institute of Soil imorganic farm at two depths tested in
and Water Conseration and Dehwzdun.
Bhomya Foundation

Integrated Haryana Agriculiural University | Treatments combining chemical fertiizers
and vermicompost) resulted in higher
S0C compared to treatments using onby
chemical fertilizars

Long-term ICAR-LARL Mew Debhi (since All treatments involving organic

organic farming | 2009 amendments increased S0C compared to
control Farmmyard manure + crop residue
treatment resufted in the highest SOC (up
o 2.17%%)

Matwral farming | University of Horticulbural S0C across five crops consistenthy

systems Sciences, Kamataka hiigher under natural and cergamnic farming
practices compared to the package of
practice and farmers’ practice (which
wsed chemical fertilizers)

MNatwral farming | Himachal Pradesh Krishi Treatments combining natural farming

inputs Vishhwavidyalaya inparts ke ghanjesvamrit, jeevameit and
mulching bed to higher 30C compared to
the control treatment
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Multiple field experiments demonstrate
that treatments incorporating
organic/natural amendments
significantly outperform treatments
relying solely on chemical fertilizers in
increasing SOC



Gaps and Challenges

Soil health assessment

* Limited indicator parameters: Focus on chemical parameters; no physical/biological
parameters

* Lack of facilities for soil testing leading to operational challenges with implementation

* Minimal data update across different schemes; gaps in comprehensive data integration,
monitoring

Fertilizer subsidy and application policy

» Skewed fertilizer consumption; heavy subsidy on urea encourages overuse; imbalanced
fertilizer use

* Limited role of fertilizer use on improving soil nutrient levels

Standards, programme implementation and outreach
* Non-standardized biochar production: Lack of standardization hinders adoption by farmers
* Limited scale of organic farming schemes: Total area under schemes remains limited (59.75

lakh hectare as of December 2024), indicating a gap in scaling up

SUSTAINABLE FOOD SYSTEMS



Thank you

For more information contact:

Amit Khurana

Director, Sustainable Food Systems Programme
Centre for Science and Environment

k amit@cseindia.org

Rajeshwari Sinha

Sr. Programme Manager

Sustainable Food Systems Programme
Centre for Science and Environment
s_rajeshwari@cseindia.org
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5/20 AEZs — covering parts of
Punjab, Haryana, Rajasthan,
Bihar, Uttar Pradesh, Gujarat,
Karnataka and Tamil Nadu—>75
per cent samples have tested
‘low’ in organic carbon in more
than 50 per cent of their
districts

Nutrient status of soil: District level

AEZs within Himalayan
ecosystem and the Western
Ghats have more than 50 per
cent districts with >75 per
cent samples testing ‘high’ in
organic carbon
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47/109 districts (43 per cent)
had >50 per cent samples
with ‘low’ levels of organic
carbon;

83/109 (85 districts) had >50
per cent samples with ‘low’
nitrogen



