SRS
CRIER
P

POLICY BRIEF #63

IMPROVING SOIL HEALTH FOR BETTER CROP HEALTH
AND HUMAN NUTRITION

Authors:

RITIKA JUNEJA
BISWABARA SAHU
ASHOK GULATI
SACHCHIDA NAND

JANUARY 2026




Improving Soil Health for
Better Crop Health and Human Nutrition

RITIKA JUNEJA
BISWABARA SAHU
ASHOK GULATI

SACHCHIDA NAND




Table of Contents

Y < 1 oL Ut i
F X1 Lo TN LT F= =T 4 =T 4L i
List of AbDBreviations.......cceeeeueiiiiiiiiiiiiiscn e eaaes iii
S 1414 T [T o o T N 1
2. Soil Health Status in INdia .....ccecuueeiiiiiiiiiiic e 2
2.1 Soil Health Card ASSESSMENT.........cc..oovcueeieiiiiiiieeieeeeeee et 2
2.2 ICAR Evidence on NUtrient DEfiCIENCIES ...........cceeeeueeeeeeeiieeessiiieeeesciieeesiiieaessiieaeeeas 3
2.3 Historical Trajectory Of SOil FErtility ..........ouuuuuueeeiieiieeeeiieeeeciieeeesciieeescieaeessieaee e 4
2.4 Key findings from SOil HEQIth ANGIYSIS .........c.uueeeeeeeiiieeeeiieee e e esciea e ssiraae e 5
3. Causes of Soil Health Degradation..........cccceveeueiieeeieeeceieencerennereeneeresserensserensessessessasenes 5
3.1 GEOGENIC FACTOIS e e e e e e e s e es e e s s e se s s ss s s s s sssssssssssssassssssssssssssnsnns 5
3.2 Distorted Fertiliser Policy and Nutrient ImBalance ...............cccoveeeeeeeeeeeeciivivvenaaeeeeaa, 6
3.3 Faulty Soil and Crop Management PractiCes ............cuuueiemeieeiivveeiaeeeeseciiiveeeaaaseeenaans 7
4. Impact of Soil Health on Crop Health and Growth........cccccceeiireiireeirienieieeceeencreennennnn. 7
5. Impact of Crop Health on Human Health and Nutrition......cccccceveeeereeiiieeeccreecreenceeennnnes 8

6. Way Forward towards Improved Soil Health for Better Crop Health and Human

N LU ) 1w o o N 8
2= =] (=) 1 1oL N 11
AANNEXULE «euvurereieiiretneeirereracetesreresasesserssssassssesssasssssssssssssesasssssssssssssssssesssassssosasassssasssnsasse 13

List of Figures
Figure 1: Soil Health Status as per SHC Scheme, 2024-25...........veieeieeiicciieieeee e, 3

Figure 2: Temporal Trend of MRP of Major Fertilisers per kg Nutrient and Nutrient Wise
Fertiliser Consumption in INdi@........eecioiieiiiiiiieeieeecccreeeee e 6



Abstract

India, one of the world’s fastest-growing economies, sustains nearly 17 percent of the global
population on just about 2.4 percent of the world’s geographical area and has recorded a
remarkable increase in food grain production—from 82 million tonnes (MT) in 1960-61 to
nearly 357.7 MT in 2024-25. The country is now the world’s largest exporter of rice, shipping
20.2 MT in FY2025 out of a global trade of 61 MT. Simultaneously, India operates the world’s
largest food distribution programme, the PM-Garib Kalyan Yojana (PMGKY), providing 5 kg of
free rice or wheat per person per month to over 800 million people. As a result, public food
stocks are at historic highs, with the Food Corporation of India holding about 57 MT of rice—
nearly four times the buffer norm as of July 1, 2025. These gains have coincided with a sharp
decline in poverty, with the extreme poverty headcount falling from 27.1 percent in 2011 to
5.3 percent in 2022. Yet, despite surplus food availability and expanded access,
malnutrition—particularly among children—remains a persistent challenge. The National
Family Health Survey (NFHS)-5 (2019-21) reports that 35.5 percent of children under five are
stunted, 32.1 percent underweight, and 19.3 percent wasted. These outcomes underscore
that food security in India can no longer be defined solely in terms of caloric adequacy; it must
also address nutritional quality.

A critical but often overlooked determinant of nutritional security is soil health. Deficiencies
of micronutrients in soils not only constrain crop productivity but also reduce the nutrient
density of food. Crops grown on depleted soils frequently reflect these deficiencies, giving
rise to a silent and widespread form of malnutrition. Zinc deficiency offers a clear example:
low zinc availability in soils leads to reduced zinc content in staple cereals such as wheat and
rice, which is strongly associated with childhood stunting and long-term impairments in
physical and cognitive development.

Restoring soil health is therefore central to improving both crop health and human nutrition.
This policy brief calls for a paradigm shift anchored in 3 P’s - Policy, Products, and Practices.
The policy switch towards rational pricing of fertilisers and targeted support to farmers can
catalyse the development and adoption of precise, , and site-specific customised fertilisation,
underpinned by rigorous R&D, soil diagnostics, and crop-specific nutrient requirements.
These products, when complemented by precision agriculture and separating or
distinguishing the management of different nutrients, can restore soil biological, chemical,
and physical health. Only when soils are adequately nourished can they consistently produce
food that sustains health rather than merely alleviates hunger. Ensuring healthy soils is
therefore not just an agricultural priority, but a public health imperative critical to India’s long-
term development.
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Improving Soil Health for Better Crop Health and Human Nutrition

Ritika Juneja, Biswabara Sahu, Ashok Gulati, and Sachchida Nand
1. Introduction

India’s food production system has undergone a profound transformation over the past six
decades. From a food-deficit nation reliant on imports in the 1960s, India has emerged as a
food-surplus country capable of meeting domestic demand while supplying global markets.
The foundations of this success were laid during the Green Revolution, which played a pivotal
role in raising yields and averting famine. These gains were achieved largely through the
widespread adoption of high-yielding varieties (HYV), supported by expanded irrigation and
intensive use of chemical fertilisers. However, beneath this achievement lies a growing crisis
that threatens the long-term sustainability of agricultural production, the progressive
degradation of soil health. Over time, policy choices reinforced input-intensive practices,
particularly through fertiliser subsidies that were designed to ensure affordability and support
farmers but gradually evolved into a regime that distorted nutrient use. Price signals
increasingly favoured nitrogenous fertilisers, encouraging their excessive and imbalanced
application, while phosphorus (P) and potassic (K) fertilisers, organic matter replenishment
and micronutrient management received limited attention. The cumulative result has been
widespread degradation of soil health—manifested in declining soil organic carbon (SOC),
nutrient imbalances, and deterioration of soil biological and physical properties.

The consequences of soil health degradation extend well beyond crop vyields and directly
affect human nutrition. Soils depleted of essential macro- and micronutrients produce crops
with lower nutrient density, reinforcing what is commonly described as “hidden hunger.” Zinc
(Zn) deficiency offers a clear illustration: its widespread prevalence in Indian soils results in
zinc-deficient staple cereals such as rice and wheat, which are strongly associated with
childhood stunting, weakened immunity, and long-term cognitive impairment. Similar
pathways exist for deficiencies of iron, sulphur, and other micronutrients. The persistence of
malnutrition in India, despite food surpluses and expanded access, therefore cannot be fully
understood without accounting for the declining health of the soils on which food is grown.

Against this backdrop, this policy brief positions soil health as a foundational pillar of
sustainable agriculture and nutritional security. It assesses the status of soil in India, examines
its implications for crop health and human nutrition, and outlines actionable pathways for
reform. Emphasis is placed on a coherent framework spanning policy reforms, product
innovation, and changes in agronomic practices to restore soil fertility, improve nutrient
efficiency, and ensure that India’s food systems is capable of delivering not just calories, but
nutrition.



2. Soil Health Status in India

2.1 Soil Health Card Assessment

The Soil Health Card (SHC) scheme, launched in 2015, provides a comprehensive nationwide
assessment of soil health in India. Since its inception, an unprecedented number of soil
samples have been analysed across multiple cycles, offering critical insights into trends in soil
fertility across agro-ecological regions. A total of 25.4 million samples were tested during SHC
Cycle | (2015-17), followed by 27.4 million samples in Cycle Il (2017-19), and 8.9 million
samples in the most recent cycle of 2024—-25 (Soil Health Card Portal). Findings from the latest
SHC data paint a concerning picture. Nearly half of the soils analysed in 2024-25 recorded
Soil Organic Carbon (SOC) levels below 0.5 percent, while approximately three-quarters fell
below 0.75 percent—well short of the 1-1.5 percent range considered desirable for tropical
and subtropical soils (Lal, 2013; 2023). Low SOC is particularly pronounced in states like Tamil
Nadu, Uttar Pradesh, Rajasthan, Haryana, Andhra Pradesh, Chhattisgarh, and Maharashtra.

Macronutrient deficiencies are equally pervasive. Across SHC cycles |, I, and 2024-25, less
than 10 percent of soil samples analysed show sufficient or high available nitrogen (N)
(threshold >560 kg/ha), pointing to either chronic depletion or ineffective replenishment
despite heavy fertiliser use. This inefficiency is reflected in low soil organic matter (SOM) and
low nutrient use efficiency (NUE) for fertilisers, with only about 35—40 percent of applied N
taken up by crops. A substantial portion of applied N escapes into the atmosphere as nitrous
oxide, a potent greenhouse gas which is 273 times the carbon dioxide or leaches into water
systems.

In the three main SHC cycles, P sufficiency (>25 kg/ha) was observed in only 23.1 percent,
17.7 percent and 45 percent of samples respectively and K sufficiency (>280 kg/ha) was
observed in 56.9 percent, 30.2 percent and 32 percent samples across the respective cycles.
These shortages span major food-producing states such as Uttar Pradesh, Punjab, Bihar,
Maharashtra, Odisha, Madhya Pradesh and Jharkhand. The problem is further compounded
by widespread deficiencies of secondary and micronutrients. Boron (B) deficiency (<0.5 ppm)
visible in about 45 percent samples in the latest completed cycle (2024-25). While, Sulphur
(S) deficiency (<10 ppm) was observed in 25 percent, Zn in 35 percent (<0.6 ppm), and iron
(Fe) in 24 percent (<4.5 ppm) of the samples during 2024-25 assessment.



Figure 1: Soil Health Status as per SHC Scheme, 2024-25
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2.2 ICAR Evidence on Nutrient Deficiencies

Indian Council for Agricultural Research (ICAR)’s coordinated national programs corroborates
the findings of the Soil Health Card (SHC) scheme and, in several dimensions, points to even
more severe and structural nutrient stress in Indian soils. Nationwide soil mapping by ICAR-
National Bureau of Soil Survey & Land Use Planning (NBSS & LUP) reveals that about 73
percent of Indian soils have SOC below 0.75 percent (Bhoomi Geoportal, 2025), indicating
chronically suboptimal organic matter at a national level. Low SOC weakens nutrient holding
capacity of soil and accelerates nutrient losses manifold. The suboptimal level of SOM reduces
the N holding capacity of the soil, leading to N deficiency in soil over decades. This tallies with
the SHC assessment that 3/4™ of Indian soils has sub-optimal levels of SOC (<0.75 percent).
Supporting this, Chaudhari (2019) reports that available N, P, and K are deficient in the vast
majority of soils studied—about 95 percent, 94 percent and 48 percent respectively—when
low and medium nutrient levels are both considered insufficient. These widespread shortfalls
reflect inherent soil constraints and decades of imbalanced fertiliser use dominated by
nitrogenous inputs. Findings from ICAR’s Long-Term Fertiliser Experiments (LTFE) as reported
in Singh et al. (2019), shows that omission of P fertiliser application causes “P mining,” leading
to depletion of native P stocks by 2.7 to 34.2 kg/ha/yr, while intensive cropping with
insufficient K fertiliser application creates negative K balances of 85 to 261 kg/ha/yr in key
systems. These negative balances indicate that current fertiliser application rates are
insufficient to offset nutrient removal by crops, thereby progressively eroding soil fertility.
Secondary and micronutrient deficiencies are equally widespread. Analysis of around 0.24
million soil samples collected under the All India Coordinated Research Project on Micro and
Secondary Nutrients (AICRP-MSPE) between 2012 and 2018 shows widespread nutrient
shortfalls: roughly 58.6 percent of soils were deficient in S, 44.7 percent lacked adequate B



and 51.2 percent were deficient in Zn, based on revised critical thresholds of 22.5 ppm for S,
0.7 ppm for B and 0.9 ppm for Zn established during that period?. In comparison, Soil Health
Card data from Cycle | (2015-17), comprising 25.4 million samples evaluated using older
critical limits (<10 ppm for S, <0.5 ppm for B and <0.6 ppm for Zn)?, indicated S deficiency in
58.2 percent of samples, B deficiency in 7.3 percent and Zn deficiency in 45 percent,
suggesting substantial differences that may stem from variations in sampling locations or the
choice of critical limits, highlighting the need for more detailed investigation. In Soil Health
Card Cycle Il (2017-19), B deficiency, measured against a 0.5 ppm threshold, was observed in
about 40.2 percent of the 24.5 million samples tested, highlighting the persistence of this
micronutrient shortfall across cycles.

2.3 Historical Trajectory of Soil Fertility

Historical soil fertility data show that nutrient shortfalls in Indian soils long predates recent
assessments and have deepened over time. One of the earliest large-scale evaluations by
Ramamoorthy and Bajaj (1969), based on around 1.3 million soil samples, reported
widespread deficiencies of major nutrients. Available N was deficient (below 280 kg/ha) in
117 of 224 districts, phosphorus was deficient (below 10 kg/ha) in 106 of 226 districts, and
potassium was deficient (below 120 kg/ha) in 36 of 184 districts—highlighting significant
macronutrient deficiencies even then. This conclusion is reinforced by long-term nutrient
budget estimates by Pathak et al. (2024), which show that between 1970 and 2018 Indian
agriculture accumulated a substantial negative potassium balance of about —-5.27 MT
indicating that K removal by crops far exceeded replenishment over the decades, along with
a cumulative phosphorus deficit of around —0.06 MT over the same period.

Over subsequent decades, secondary and micronutrient shortfalls have grown both in
magnitude and geographical reach in Indian soils. In the early 1990s, S deficiency (defined as
<10 ppm) was identified in a significant portion of tested soils across about 70 districts, but
by the 2010s it had expanded to nearly 300 districts, reflecting its spread as a widespread soil
fertility constraint (Tandon, 2010). More recent nationwide data from the AICRP-MSPE based
on roughly 0.24 million soil samples collected between 2012 and 2018 show that
micronutrient deficits remain common, with Zn found deficient in over half of soils analysed
(using a revised critical limit of 0.9 ppm) (Shukla et al., 2021) In contrast, recent SHC cycle data
(2024-25), which tested 8.9 million samples using a lower threshold of 0.6 ppm for Zn
deficiency, report about 35 percent of soils as Zn-deficient. If the SHC assessment applied the
higher 0.9 ppm critical limit used in the AICRP-MSPE analysis, the proportion of Zn-deficient
soils would be significantly higher than 35 percent. Taken together, these findings indicate
that both secondary and micronutrient deficiencies have not only persisted but intensified
and spread across India’s agricultural landscapes over time, underscoring deepening soil
nutrient stress.

ICAR’s updated threshold is based on multilocational on farm trials understanding soil nutrient content and plants’ response to the
respective nutrient levels.

2 SHC uses the oldest threshold suggested by ICAR which was completely based on pot culture experiment done in controlled environment
(Shukla et al., 2019).




2.4 Key findings from Soil Health Analysis

Key findings from soil health assessments show a clear and troubling decline in critical soil
quality indicators over time, highlighting the need for urgent policy action (refer Table 1 in
the Annexure). Soil organic carbon (SOC) remains persistently low, with both ICAR and Soil
Health Card (SHC) data indicating that roughly 73—76 percent of soils have SOC below 0.75 %,
a threshold associated with poor soil fertility and biological function. Across multiple datasets
and time periods, available nitrogen (N) deficiency has consistently dominated due to low
SOM: when low and medium nutrient levels are both classified as deficient (<560 kg/ha),
more than 90-95 percent of districts showed N shortages in historical assessments, and
around 95 percent of soil samples were deficient according to Chaudhari’s analysis, with a
similarly high prevalence (93 percent) observed across all SHC cycles. Phosphorus (P)
deficiency (<25 kg/ha) has also remained widespread, affecting approximately 95.6 percent
of districts in the earliest national surveys, 94 percent of samples in Chaudhari’s dataset, and
between about 55 percent and 82 percent of samples in SHC Cycles |, Il and the most recent
2024-25 data. Potassium (K) deficiency (<280 kg/ha) has been a long-standing issue as well,
ranging from roughly 69.5 percent of districts in early surveys to 48 percent of samples in
Chaudhari’s results and 43-70 percent of samples across SHC cycles, underscoring that K
shortages continue to affect large swaths of agricultural soils. Long-term nutrient budgets
further underscore the depletion of soil fertility: cumulative negative balances for P (-0.06
MT) and K (-5.27 MT) over the period 1970-2018 reflect that crop removal and losses have
outpaced nutrient replenishment by significant margins, indicating chronic soil nutrient
mining. The comparative study by Ramamurthy et al. 2017 comparing all India soil K status
from Ghosh and Hasan (1976) and Hasan and Tiwari (2002) clearly indicated that the average
K content of the soil has declined from medium to high during 1970s to mostly medium to
low during 1997-99. Secondary nutrient deficiencies have expanded markedly over time, with
S deficiency spreading from about 70 districts in the early 1990s to nearly 300 districts by the
2010s. Micronutrient shortfalls remain widespread, with Zn deficiency reported in around
35% of soils based on recent SHC data (using a 0.6 ppm threshold) and over 50% of soils in
AICRP-MSPE assessments using a 0.9 ppm cut-off. Together, these trends point to entrenched
and worsening deficits in both macronutrients and micronutrients across Indian agricultural
landscapes, reflecting long-standing soil health degradation under existing management and
policy frameworks.

3.  Causes of Soil Health Degradation
3.1 Geogenic Factors

Soil deterioration is induced by both natural geogenic factors as well as anthropogenic factors.
It includes the combined effect of reduced soil functionality to provide nutrients to the soil as
well as erosion of soil through physical displacement or chemical degradations like
desertification, hardpan formation, soil crusting, salinization, etc. The degraded arable land
in India is recorded to be 104.2 million hectares (Mha) (NAAS, 2021). On average India loses
about 5.3 billion tonnes of topsoil each year, affecting nearly 120 Mha of total geographical



land, primarily from water (82.6 Mha) and wind (12 Mha) erosion. This loss removes 5.4-8.4
million tonnes of plant nutrients (NPK) annually, far exceeding the sustainable soil loss
threshold of 5-12 t/ha/yr (NAAS, 2021).

3.2 Distorted Fertiliser Policy and Nutrient Imbalance

India’s fertiliser subsidy regime imposes a substantial fiscal burden—approaching INR 2
trillion in FY26—while remaining heavily skewed towards N. Urea, which lies outside the
Nutrient-Based Subsidy (NBS) framework, receives subsidies of 85-90 percent, keeping its
price artificially low. In contrast, P fertilisers receive subsidies of around 45 percent (Kharif,
2025), while K, S, and micronutrient fertilisers receive little to no effective support. This
disparity in nutrient pricing has created strong incentives for farmers to overapply N while
underusing other essential nutrients. The outcome is a pronounced imbalance in fertiliser
consumption.

The impact of these distortions is clearly reflected in fertiliser use patterns. As shown in Figure
2, following the introduction of the NBS policy in 2010, urea prices remained largely stable,
whereas the prices of Di-Ammonium Phosphate (DAP) and Muriate of Potash (MOP)
increased sharply. This price divergence accelerated nutrient imbalance in fertiliser
consumption. The N:P:K ratio, which stood at a relatively balanced 4.3:2:1 in 2009-10,
deteriorated to about 8.2:3:2 by 2012-13 and further worsened to 10.9:4.4:1 by 2024-25 far
above the agronomically optimal ratio of 4:2:1. And in a state like Punjab, it is even worse.
Such persistent imbalance has progressively undermined soil health, contributing to declining
SOC, widespread deficiencies of both macro- and micronutrients, and deterioration of soil
physical and biological properties. While yield growth in several intensively cultivated regions
has stagnated or begun to taper off, the more insidious consequence has been the erosion of
crop nutritional quality, particularly in staple cereals that form the backbone of Indian diets.

Figure 2: Temporal Trend of MRP of Major Fertilisers per kg Nutrient and Nutrient Wise
Fertiliser Consumption in India
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Moreover, only 35-40 percent of applied N is utilized by crops the rest leaches into
groundwater as nitrates, causing health hazards, or volatilizes as nitrous oxide, a greenhouse
gas 273 times more potent than carbon dioxide. Also, long-term nutrient imbalance has
reduced fertiliser response ratios for food grains from 13:1 in 1970 to 2.7:1 by 2015 in
irrigated regions of India, reflecting severe soil exhaustion (Chaudhari, 2019). Neglect of P and
K inputs has also led to nutrient mining across farming systems (Singh et al., 2019a).

3.3 Faulty Soil and Crop Management Practices

Prevailing crop and land practices further degrade SOC, disrupt soil biology and magnify
nutrient losses, interacting with subsidies to perpetuate soil exhaustion and input reliance.
Intensive tillage and rice puddling disperse soil aggregates, speed up SOC breakdown, form
hardpans that limit root growth and microbes, and enable N losses under waterlogged
conditions. Monocropping and cereal- cereal rotations fuelled by cheap power, water, urea
and open rice-wheat procurement intensify all forms of natural resource mining including
nutrients, groundwater, exceeding ecological bounds and weakening soil structure. Residue
removal, burning, and scanty organic inputs erode SOC, impairing nutrient retention, water
holding capacity and soil life. Flood irrigation fosters waterlogging, salinity, leaching, and
erosion with reduced water use efficiency and increases irrigation costs (Sharmasarkar et al.,
2001).

4. Impact of Soil Health on Crop Health and Growth

Soil health deterioration severely impairs plant growth and nutrient uptake, leading to
diminished fertiliser response ratios and nitrogen use efficiency (N NUE) of crops. In India,
food grain production per kg of NPK fertiliser fell from 13 kg in the early 1970s to 2.7 kg by
2015 in irrigated regions (Chaudhari, 2019), with the average response ratio dropping from
12.1 kg grain/kg NPK in the 1960s to about 5 kg during 2010-2017 (Katyal, 2019). The N NUE
in food grains, an indicator of proportion of added N being consumed by the crops, has
declined from 49 percent in 1961 to below 40 percent (FAOSTAT, 2025), reflecting poor
utilization of applied N by food grain crops and a major chunk being continuously flushed out
either in to the ground water in the form of nitrate or being emitted into the air as nitrous
oxide (a very critical GHGs). Evidences show that N over application promote nitrate leaching
into groundwater, exceeding safe limits (45 mg/L, BIS 2012) and causing various fatal diseases
in human (Picetti et al., 2022; Karwowska and Kononiuk, 2020; Ward et al., 2018).

Along with harmful effect on the environment, excess N application and over accumulation
of nitrate reduces crop quality by lowering vitamin C and antioxidant content of fruits. This
overuse disrupts biochemical pathways, enzyme activation, and fruits’ pigment development,
compromising nutritional quality, shelf life, and micronutrient levels in various fruits and
vegetables (Gillt and Sentirk, 2024; Rajashree and Pillai, 2012; Wang et al., 2008). P which
has dominant role in optimum growth and development of plants starting from energy



storage in cells to nutrient transportation within plant parts (Wissuwa et al., 2005), root
development, flowering, enhanced crop quality, is often neglected by the farmers. Under-
application of the same triggers severe P deficiency in soil thereby hampering root growth
and biomass, photosynthesis, and biological nitrogen fixation of leguminous plants. In such
deficiency plants exhibit deformities like under developed leaves, reduced resilience to
stresses (Khan et al., 2023), and reduced crop quality. Researchers have also found that P
deficiency leads to development of various biomolecules in plant body which inhibit the
growth of Pomelo and affects nutrient absorption and lowers photosynthetic performance
(Meng et al., 2021). P deficiency hampers the rate of nitrogen fixation in legumes by causing
a reduction of root nodules (Bonetti et al., 1984). On the other hand, sufficient P helps in
uptake of various nutrients by plants. In oilseed rapeseed, positive interaction between
Molybdenum (Mo), a micronutrient and P has been detected and both Mo and P promote
plant growth when applied together. This is because Mo and P have beneficial effects on each
other’s’ absorption and translocation (Liu et al. 2010).

5. Impact of Crop Health on Human Health and Nutrition

Crop health and nutrition is a critical link between soil health and human nutrition. Crops
grown in healthy, well-nourished soils achieve optimal growth and serve as rich sources of
essential nutrients for both humans and animals. Conversely, deteriorated soil health and
imbalanced fertiliation reduce grain quality, exacerbating micronutrient deficiencies in
staples. Crop genetics further interact with soil nutrition to shape dietary outcomes. Evidence
shows that modern HYV of rice and wheat show a 19-33 percent decline in essential
micronutrients like iron and zinc compared to traditional varieties (Debnath et al., 2023). This
reduces these staples’ ability to meet dietary needs by almost half. Such nutrient deficiencies
cause "Hidden Hunger," where calorie intake is adequate but micronutrient deficiencies
persist. Studies have even shown overlapping regions between soil Zn deficiency and human
Zn deficiency (Cakmak et al., 2017). Research by 1ISS Bhopal in collaboration with AlIMS
Bhopal further confirms strong correlations between soil Zn status and Zn concentrations in
grains as well as in animal and human blood serum (Shukla et al., 2016). Similar linkages exist
for other nutrients: P-deficient soils produce P-limited crops, which can impair human
phosphorus intake—an essential for bone formation, dental health, and cellular functions in
human (Meng et al., 2021). These findings highlight that improving plant nutrition through
balanced soil fertility management is indispensable not only for agricultural productivity, but
also for addressing malnutrition and improving human growth, health, and cognitive
outcomes.

6. Way Forward towards Improved Soil Health for Better Crop Health and Human
Nutrition

Restoring soil health requires a decisive shift from the prevailing urea-centric approach to a
more balanced, science-driven framework that recognises soils as the foundation of



agricultural productivity, crop health, and human nutrition. Addressing this challenge calls for
a coherent strategy anchored in the 3P framework—Policy, Products, and Practices.

Policy: At the policy level, rationalising fertiliser subsidies is central to correcting nutrient
imbalances. This requires a fundamental shift from the existing product-based fertiliser
subsidy regime to a farmer-centric Direct Benefit Transfer (DBT) framework. Under such
a system, subsidy support would be transferred directly into farmers’ bank accounts,
while maintaining overall subsidy levels but calibrating them seasonally, by crop type, and
by irrigation status before each cropping cycle. Along with this DBT, the prices of all
fertilisers, especially N, P and K fertilisers, will be decontrolled and market determined.
This approach would restore farmer choice and flexibility, enabling them to purchase
balanced nutrient formulations—including primary, secondary, and micronutrients—as
well as specialty fertilisers, and, soil-specific blends. And if this DBT to farmers is not
possible, then the second-best option on policy front would be to at least rationalise the
relative fertiliser prices of N, P and K to correct long-standing market price distortions.
The artificially low price of urea has not only encouraged its excessive agricultural use but
has also led to non-agricultural diversion and cross-border leakages (Economic Survey,
2015-16). This would improve nutrient-use efficiency by reflecting true relative prices of
N, P and K, and other nutrients, thereby discouraging overuse and misuse. Importantly,
the fiscal savings generated through reduced distortions and leakages can be strategically
reinvested in sustainable agricultural practices.

Product: Policy reform must be complemented by innovation in fertiliser products which
integrate macro, secondary, and micronutrients per nutrient stewardship. Use of various
fertilisers like Single Super Phosphate (SSP), Tripple Super Phosphate (TSP), DAP, MOP,
Sulphate of Potash (SOP), and zinc or iron sulphates based on crop, soil, and climate needs
must be encouraged for better plant nutrition and better nutrient use efficiency. Specialty
fertilisers like water soluble fertilisers owing to their high solubility and suitability for
fertigation, chemically and physically modified fertilisers due to their slow nutrient release
property and nano formulations due to their high reactivity can improve the nutrient use
efficiency significantly. Products like TSP which serve as the source of P and Ca with high
analysis P (46 percent) mostly in water soluble form (>90 percent) and with low salt index
than DAP can suitably be used for precision nutrition management targeting high P
demanding crops even in the salt-affected soils. Apart from traditional formulations, nano
formulations, slow releasing and coated urea, carbon rich organic manures like biochar,
nutrient rich compost, vermicompost should be developed to maintain the quality and
efficiency of the product for its on- ground success.

Practices: Improved fertiliser products can deliver results only when embedded within
sound agronomic practices. Restoring soil health and improving nutrient-use efficiency
first of all, requires correct use of nutrients through the 4R stewardship (right time,
source, placement, and rate). Precision agriculture, customised fertilisation and




separating the management of nutrients should form the backbone of this transition..
Further, practices such as residue recycling, crop diversification, inclusion of legumes
and oilseeds, and reduced or zero tillage are critical for rebuilding SOC, improving soil
structure, and enhancing nutrient availability. Where required, soil amendments such
as lime and gypsum should be promoted to correct soil acidity, salinity and sodicity,
improving nutrient dynamics and root growth. . Digital and data-driven tools can further
strengthen practice-level interventions. Sensor-based soil fertility assessment, GIS-
enabled nutrient mapping, and decision-support systems can provide real-time,
location-specific advisories tailored to soil type, crop, and agro-climatic conditions. In
parallel, public investment in marker-assisted and genomics-enabled breeding for
nutrient-efficient and climate-resilient crop varieties can improve input-use efficiency
and nutritional outcomes without increasing input intensity.

Together, reforms across policy, products, and practices can break India’s dependence on
urea-driven intensification and steer agriculture towards a more balanced, resilient, and
nutrition-sensitive pathway. Such a transition is essential not only for sustaining farm
incomes and crop productivity, but also for safeguarding environmental sustainability. And
it all starts with taking care of our soils, that improve crop and human health and nutrition.
Thus, making soil health restoration has to be a cornerstone of India’s long-term food and
nutrition security.
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Annexure

Annex Table 1: Status and Long-Term Trends in Soil Nutrient Deficiencies Indicating Soil

Health Decline

Soil Organic
Carbon (SOC)

Nitrogen (N)
Low (,280
kg/ha)
Medium (280-
560 kg/ha)
High (>560
kg/ha)

Phosphorus
(P) Low (< 10
kg/ha)
Medium (10-
25 kg/ha)
High (>25
kg/ha)

Potassium (K)
Low (< 120
kg/ha)
Medium (120-
280 kg/ha)
High (>280
kg/ha)

SHC
76% soil samples
<0.75% SOC (SHC
2024-25)

>90% samples in
low and medium
category (2015-
17;2017-19)

97% samples
were in low and
medium category
(2024-25)

76-82% samples
in low and
medium category
(2015-17; 2017-
19)

55% samples in
low and medium
category (2024-
25)

43-70% samples
in low and
medium category
(2015-17; 2017-
19)

68% samples in
low and medium
category (2024-
25)

ICAR
73% region <0.75%
socC

2.7-34.2 kg ha™'
yr~ of P mining in
P omitted plots
(ICAR-LTFE, 2019)

K mining to the
tune of 85- 261 kg
ha ' yr'including
all plots**
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Other Researchers

214 out of 224 districts
were in low and
medium category
(1969)

89% samples (out of
3.65 million) were
deficient Motsara
(2002)*

95% samples were
categorised as low and
medium (<560 kg/ha)
(Chaudhari, 2019)

216 out of 226 districts
were in low and
medium category
(1969)

80% soil samples (out
of 3.65 million) were
deficient Motsara
(2002)*

94% samples were
categorised as low and
medium in P
(Chaudhari, 2019)

0.06 Mt of Negative soil
K balance (1970-2018)
(Pathak et al., 2024) #
134 out of 184 districts
were in low and
medium category
(1969)

50% soil samples (out
of 3.65 million) were
deficient Motsara
(2002)*

48% samples were
categorised as low and
medium in K
(Chaudhari, 2019)

Chronic low SOC
indicative of long-
term soil health
degradation and
insufficient organic
matter input
Persistent and
widespread
deficiency indicative
of faulty N
management
strategy

Sustained
phosphorus
deficiency highlights
continuous P mining
and inadequate
replenishment of
soil reserves

Negative K balance
and extensive
mining indicate
severe depletion of
native soil
potassium; K mining
from K fertilised
plots is indicative of
re-estimation of K
recommendation for
crops



5.27 Mt of Negative soil
K balance (1970-2018)
(Pathak et al., 2024) #
Moderate to high
during 1970s (Ghosh
and Hasan, 1976)
declined to low to
medium during 1997-
99 (Hasan and Tiwari,
(2002)%

Sulphur (S) 25% soil samples 59% soil samples Deficiency increased Increasing deficiency
deficient at deficient at critical ~ from 70 districts (1991) shows prolonged
critical limit$ limitS$ 22.5 ppm to 300 districts (2010) negligence for S
10ppm (2024-25)  (2012-18) nutrition and

inadequate external
inputs.

Boron (B) 45% soil samples | 45% soil samples Chronic and
deficient at deficient at critical consistent B
critical limit$ 0.5 limit$ 0.7 ppm deficiency
ppm (2024-25) (2012-18)

Zinc (Zn) 35% soil samples 51% soil samples Widespread zinc
deficient at deficient at critical deficiency indicates
critical limit$ 0.6 limit$ 0.9 ppm and chronic depletion
ppm (2024-25) 35% samples due to imbalanced

deficient at critical fertilisation and
limit$ 0.6ppm negligence for Zn
(2012-18) nutrition

Iron (Fe) 24% soil samples 19% soil samples Localized but

deficient at
critical limit$ 4.5
ppm (2024-25)

deficient at critical
limit$ 6.5 ppm
(2012-18)

persistent iron
deficiency
demanding for
special focus

Note: In case of N,P,K deficient levels include both low and medium; * number of samples tested 3.65
million; **K mining was recorded in all plots including plots with recommended K nutrient application;
#analysis period 1970-2018; %sample number for 1970s study 4.5 million and for 1997-99 study 11
million; for S and micronutrients, Ssamples below critical limit are deficient and above critical limit are
sufficient.
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