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Micronutrients in the Soil-Plant-Animal-Human Continuum
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Dr. Suresh Kumar Chaudhari

The challenge of food security in the twenty-first
century extends beyond producing sufficient calories
to ensure adequate nutrition for a growing population.
There has been noteworthy progress in agricultural
production over the years. However, micronutrient
malnutrition, often termed as hidden hunger,
continues to affect billions of people worldwide.
Micronutrients are required in small quantities but
perform indispensable functions in plants, animals
and humans. Deficiency of micronutrients in soil
reduces crop productivity, lowers food quality,
impairs livestock performance and contributes to
widespread nutritional disorders. The soil-plant-
animal-human continuum provides a framework for
precisely understanding these linkages, emphasizing
that soil fertility forms the foundation of nutritional
security. Globally, more than 2 billion people suffer
from deficiencies of essential micronutrients,
particularly zinc (Zn), iron (Fe), iodine (I), selenium
(Se) and also of vitamin A. Micronutrient deficiencies
are the main cause of worldwide morbidity and
mortality. Often referred to as hidden hunger, the
nutritional gaps significantly impair physiological
functions, ultimately stunting cognitive development,
weakening immune resistance, and negatively
impacting reproductive capacity. Iron deficiency alone
affects about 1.62 billion people globally and remains
the leading cause of nutritional anaemia. Zn deficiency
is estimated to affect nearly one-third of the world’s
population and is associated with impaired immunity,
increased susceptibility to infections and reduced
child growth.

The origin of many micronutrient deficiencies can be
traced back to agricultural soils. The nutritional
quality of crops is directly influenced by the
availability of nutrients in the soil. Consequently,
nutrient-deficient soils produce nutrient-deficient
food and fodder, establishing a direct pathway
through which soil health affects animal and human
nutrition. This linkage is particularly important in

countries such as India, where cereal-based diets
dominate and substantial proportion of micronutrient
intake is derived from staple crops. Micronutrient
deficiencies have become widespread in Indian soils
due to intensive cultivation, continuous nutrient
mining, declining organic matter levels and
imbalanced fertiliser use. Analysis of 242,827 soil
samples collected by ICAR from 615 districts across
29 states revealed deficiencies of Zn (36.5%), B (23.2%),
Fe (12.8%), Cu (7.1%), and Mn (4.2%). Data generated
under the Soil Health Management Program involving
nearly 30 million soil samples indicated that
approximately 39% of Indian soils are deficient in Zn,
making it the most widespread micronutrient
constraint in Indian agriculture. State-wise variability
is substantial, with Zn deficiency ranging from less
than 5% in some regions to more than 60% in
intensively cultivated areas. Assessment of 55,101 soil
samples carried out by ICAR from 167 districts of the
Indo-Gangetic Plains reported the deficiency in order
of Zn > B > Mn > Cu > Fe, highlighting the
predominance of Zn deficiency in one of the country’s
most productive agricultural regions.

The increasing incidence of micronutrient deficiencies
is closely associated with changes in agricultural
practices over the last five decades. Fertiliser
consumption is dominated by NPK-based fertilisers.
Continuous removal of micronutrients by crops
without adequate replacement has resulted in
progressive depletion of soil reserves. Consumption
of micronutrients in 2024-25 in thousand tonnes
was estimated as zinc sulphate 211.9, ferrous sulphate
47.3, boron-based 38.1, manganese sulphate 28.7 and
copper sulphate 7.6. Soil properties further influence
micronutrient availability. Many Indian soils are
alkaline and calcareous, conditions that reduce the
solubility of Zn, Fe, Cu and Mn. Although total Zn
content in soils may range from 40 to 150 mg kg”,
plant-available Zn frequently falls below the critical
limit of 0.6 mg kg™. Similarly, Fe chlorosis is common
in calcareous soils despite the presence of substantial
total Fe reserves. Declining soil organic carbon
exacerbates the problem because organic matter acts
as a reservoir and chelating agent for micronutrients.
Long-term experiments conducted by ICAR across the
different agro-ecological regions have consistently
demonstrated positive relationships between soil
organic carbon and available micronutrient
concentrations.

Micronutrients play a fundamental role in plant
metabolism. Zn participates in enzyme activation,
auxin synthesis, protein metabolism and membrane
integrity. Fe is essential for chlorophyll formation and
electron transport during photosynthesis. B regulates
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Strengthening the soil-plant-
animal-human continuum through
effective micronutrient management
offers one of the most cost-effective
and sustainable pathways for
achieving food and nutritional
security in India

cell wall formation, sugar transport and reproductive
development, while Cu and Mn are involved in
photosynthetic reactions and oxidative stress
regulations. Consequently, deficiencies of these
nutrients significantly reduce crop productivity. Zn
deficiency alone is considered the fourth most yield-
limiting nutrient after N, P and K. Meta-analysis of
field studies in India indicates that Zn fertilisation
can increase yields by 10-30% in cereals, 15-25% in
pulses and 10-40% in oilseeds, depending upon soil
fertility status. Application of Zinc sulphate in rice—
wheat systems has frequently resulted in grain yield
increases exceeding 15%, while integrated application
of micronutrients has improved nutrient use
efficiency and profitability. The  effects of
micronutrient deficiencies extend beyond yield
reduction to nutritional quality. Grain Zn
concentrations in cereal crops grown on deficient soils
often remain below 20 mg kg?, limiting dietary Zn
intake. Similarly, Fe concentrations in polished rice
may fall below levels required to meet human
nutritional needs. This is particularly important in
India, where cereals contribute more than 50% of daily
caloric intake. The estimated average Zn requirement
is approximately 14.1 mg day™ for adult men and 11.0
mg day” for women, whereas Fe requirements range
from 11 to 21 mg day’ depending on age and
physiological status. Diets based on micronutrient-
deficient staples frequently fail to meet these
requirements.

Evidence increasingly demonstrates a direct
relationship between soil micronutrient status and
human health outcomes. It has been reported in the
literature, by linking health data from nearly 0.3
million children and one million adult women across
India with over 27 million soil tests drawn from a
nationwide soil health program, that soil Zn
availability is positively related with children’s linear
height growth, and soil Fe availability is positively
associated with haemoglobin levels. The findings
provide compelling evidence that investments in soil
fertility can contribute directly to nutritional security
and public health. Livestock production is similarly
affected by micronutrient deficiencies because animals
obtain most of their mineral requirements from feed
and fodder. Deficiencies of Zn, Cu, Se, Co and I in soils
are frequently reflected in forage quality. Zn deficiency

in livestock causes poor growth, impaired
reproductive performance, reduced feed efficiency and
weakened immunity. Cu deficiency results in anaemia,
skeletal abnormalities and reduced fertility, while
selenium deficiency is associated with white muscle
disease and compromised immune responses. Thus,
soil micronutrient management influences not only
crop productivity but also livestock health and farm
profitability.

Addressing micronutrient deficiencies require
integrated interventions across the entire continuum.
Soil-test-based nutrient management remains the first
step towards correcting deficiencies. Application of
zinc sulphate, ferrous sulphate, borax and other
micronutrient-based nano-fertilisers has consistently
improved crop yields and nutrient concentrations.
Agronomic bio-fortification through soil and foliar
application of micronutrients has emerged as a
promising strategy. Studies have reported yield
increases ranging from 12 to 34% and substantial
improvements in grain Zn and Fe concentrations
following micronutrient application. In parallel, crop
breeding programs have accelerated the development
of nutrient-dense varieties. ICAR has released 206 bio-
fortified varieties of cereals, pulses, oilseeds, fruits and
vegetables enriched with Zn, Fe, protein and pro-
vitamin A. Several Zn-rich wheat varieties contain
more than 40 ppm Zn, while bio-fortified pearl millet
hybrids contain up to 70 ppm Fe, significantly
enhancing nutritional quality.

The persistence of hidden hunger despite adequate
food production emphasizes the need to shift from
calorie-centric to nutrition-centric agriculture. With
more than 36% of Indian soils deficient in Zn and
substantial deficiencies of other micronutrients,
improving soil fertility must become a national
priority. Investments in balanced fertilisation,
integrated nutrient management, organic resource
recycling, bio-fortification and soil health restoration
can generate multiple benefits, including higher crop
productivity, improved nutrient-use efficiency,
enhanced livestock performance and better human
nutrition. Strengthening the soil-plant-animal-
human continuum through effective micronutrient
management offers one of the most cost-effective and
sustainable pathways for achieving food and
nutritional security in India.

This special issue is brought out on the occassion of
Global Micronutrient Summit 3.0: Innovations for
Powering Sustainable Growth to be held during 13-
14 July 2026 in New Delhi. There are 9 papers
contributed by the experts. We hope that the issue
will be helpful and relevant to all those who are in the
field of micronutrients..




