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Zinc (Zn) 1s one of the essential micronutrients required for normal growth, development,
and productivity of crops. Although plants require zinc in smaller quantities compared to
macronutrients such as nitrogen, phosphorus, and potassium, its role in plant metabolism is
highly significant. Zinc participates in enzyme activation, chlorophyll formation, protein
synthesis, auxin production, and carbohydrate metabolism. Deficiency of zinc has emerged as
one of the most widespread micronutrient disorders in agricultural soils across the world,
particularly in developing countries like India. Continuous cultivation, intensive farming,
excessive use of chemical fertilizers, low organic matter content, and imbalance in nutrient
application have aggravated zinc deficiency in farm fields. In many regions, zinc deficiency
causes severe reduction in crop yield and quality. The problem is especially prominent in
cereal-growing areas where high-yielding varieties remove large quantities of nutrients from
soil. Zinc-deficient soils not only affect crop productivity but also reduce nutritional quality
of food grains, thereby contributing to human zinc malnutrition. Scientific management of
zinc deficiency is therefore essential for achieving sustainable agriculture, food security, and
soil health maintenance. This article discusses the causes, symptoms, effects, diagnosis, and
scientific management practices for zinc deficiency in agricultural fields.

Importance of Zinc in Plant Growth

Zinc plays several important physiological and biochemical functions in plants. It acts as a
structural and catalytic component of many enzymes and proteins. The major functions of
zinc in plants include:

e Activation of enzymes responsible for carbohydrate metabolism

e Synthesis of growth hormones such as auxins

e Chlorophyll production and photosynthesis

o Protein synthesis and nitrogen metabolism

e Regulation of membrane integrity

e Seed formation and grain development

o Improvement in resistance against environmental stresses

Zinc deficiency adversely affects these processes, resulting in poor crop growth and low
productivity.

Causes of Zinc Deficiency in Farm Fields

Zinc deficiency occurs due to various soil, climatic, and management-related factors. Some
major causes are discussed below.

1. High Soil pH

Alkaline and calcareous soils with high pH reduce zinc availability to plants. In such soils,
zinc becomes chemically fixed and unavailable for root absorption.
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2. Low Organic Matter

Organic matter improves micronutrient availability in soils. Deficiency is more common in
soils with poor organic carbon content because zinc remains unavailable in the absence of
organic complexes.

3. Excessive Phosphorus Application

Continuous use of high doses of phosphorus fertilizers can induce zinc deficiency due to
antagonistic interaction between phosphorus and zinc.

4. Intensive Cropping

High-yielding crop varieties absorb large amounts of nutrients from soil. Continuous
cultivation without replenishment depletes zinc reserves.

5. Sandy Soils

Light-textured sandy soils have low nutrient holding capacity and are more prone to
micronutrient deficiency.

6. Waterlogged Conditions

Poor drainage and prolonged waterlogging reduce root activity and zinc uptake by plants.

7. Soil Erosion and Land Degradation

Topsoil erosion removes nutrient-rich layers, causing deficiency of micronutrients including
zinc.

Zinc Deficiency Symptoms in Crops
Symptoms vary among crops, but common indicators are generally visible on young leaves
because zinc is relatively immobile in plants.
General Symptoms

o Stunted plant growth

e Reduction in internodal length

o Chlorosis between leaf veins

e Small and narrow leaves

e Delayed maturity

e Poor root development

e Reduced flowering and grain formation
Crop-Specific Symptoms

Rice

e Appearance of brown patches on leaves
Bronzing and chlorosis

e Poor tillering

e Stunted seedlings

Wheat

e Yellowing of young leaves

e Reduced plant height

e Delayed growth

Maize

o White or yellow stripes on leaves

o Shortened internodes

e Poor cob development

Citrus and Fruit Crops

o Little leaf formation

e Rosetting of branches

e Reduced fruit size and quality

Effects of Zinc Deficiency on Crop Production

Zinc deficiency significantly affects agricultural productivity and crop quality.

Reduction in Yield

Deficient plants exhibit poor vegetative growth, low photosynthetic activity, and reduced
grain formation, ultimately decreasing yield.
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Poor Nutritional Quality

Zinc-deficient grains contain lower micronutrient concentration, affecting human nutrition
and health.

Increased Disease Susceptibility

Plants lacking zinc become weaker and more susceptible to pests and diseases.

Economic Losses

Farmers suffer economic losses due to lower productivity, inferior crop quality, and increased
cost of corrective measures.

Diagnosis of Zinc Deficiency

Proper diagnosis is essential for scientific nutrient management.

1. Visual Observation

Field symptoms provide preliminary indication of deficiency.

2. Soil Testing

Soil analysis helps determine available zinc status in soils. Generally, soils containing less
than 0.6 ppm available zinc are considered deficient.

3. Plant Tissue Analysis

Plant tissue testing provides accurate information regarding nutrient concentration in crops.
4. Field Response Trials

Application of zinc fertilizers in test plots helps confirm deficiency.

Scientific Management Practices for Zinc Deficiency

Scientific and integrated approaches are necessary for correcting zinc deficiency and
maintaining long-term soil fertility.

1. Application of Zinc Fertilizers

Use of zinc-containing fertilizers is the most effective method for correcting deficiency.

Zinc Sulphate Application

Zinc sulphate is the most commonly used zinc fertilizer. Recommended doses generally
range between 20-25 kg zinc sulphate per hectare depending on crop and soil conditions.
Zinc Oxide and Chelated Zinc

Chelated zinc fertilizers are more efficient in alkaline soils because they remain available for
longer duration.

2. Foliar Spray

Foliar application provides rapid correction of zinc deficiency during crop growth stages.
Two to three foliar sprays at 10—15 day intervals effectively correct deficiency symptoms.

3. Integrated Nutrient Management (INM)

Balanced use of organic manures, biofertilizers, and chemical fertilizers improves
micronutrient availability.

Addition of:

e Farmyard manure (FYM)

e Compost

o (Green manure

Crop residues

enhances soil organic matter and zinc availability.

4. Crop Rotation

Including legumes and deep-rooted crops in rotation improves soil fertility and nutrient
cycling.

5. Soil pH Management

Application of organic amendments and proper irrigation management can reduce adverse
effects of alkalinity on zinc availability.

6. Use of Zinc-Efficient Crop Varieties

Some crop varieties can absorb and utilize zinc more efficiently even under deficient
conditions. Adoption of such varieties helps reduce yield losses.

AGRI MAGATINE ISSN: 3048-8656 Page 615




Patel et al. (2026) Agri Magazine, 03(09): 613-617 (SEP, 2026)

7. Seed Treatment

Seed treatment with zinc compounds improves seedling vigor and early crop establishment.
8. Biofortification

Agronomic biofortification through zinc fertilization improves zinc concentration in edible
plant parts and helps address human micronutrient malnutrition.

Role of Organic Matter in Zinc Management

Organic matter plays a crucial role in micronutrient availability. Decomposition of organic
residues releases organic acids that solubilize zinc in soil. Integrated use of organic manures
along with zinc fertilizers improves nutrient use efficiency and soil health.

Vermicompost, poultry manure, and green manuring are particularly useful in zinc-deficient
soils.

Zinc Deficiency and Human Health

Zinc deficiency in soils ultimately affects human nutrition because crops grown on deficient
soils contain lower zinc concentration. Zinc is essential for immune function, growth,
reproduction, and enzyme activity in humans. Hidden hunger caused by micronutrient
deficiency is a major public health issue in many developing countries. Therefore,
management of zinc deficiency in agriculture contributes directly to nutritional security.

Sustainable Approaches for Future Management

Future strategies for zinc management should focus on sustainability and precision
agriculture.

Important approaches include:

o Site-specific nutrient management

e Precision farming technologies

e Soil health monitoring

e Use of nano-zinc fertilizers

e Recycling of crop residues

e Promotion of integrated farming systems

o Farmer awareness and extension programs

Research on zinc-efficient crops and climate-resilient nutrient management practices will
play a vital role in future agriculture.

Conclusion

Zinc deficiency has become a serious constraint to agricultural productivity and nutritional
quality in many farming systems. Intensive cultivation, imbalance in fertilizer use, low
organic matter, and alkaline soil conditions are major causes of zinc deficiency in farm fields.
Deficiency symptoms such as chlorosis, stunted growth, and poor grain development lead to
significant yield losses. Scientific management practices including soil testing, balanced
fertilization, application of zinc sulphate, foliar sprays, integrated nutrient management, and
use of organic manures are highly effective in correcting deficiency. Sustainable zinc
management not only improves crop yield and soil fertility but also contributes to human
health through enhanced nutritional quality of food grains. Therefore, adoption of scientific
zinc management practices is essential for achieving sustainable agriculture, food security,
and environmental health.
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