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icronutrients play a crucial role in maintaining soil fertility, crop productivity and 

overall agricultural sustainability. Although required in small quantities, their 

deficiency can significantly affect plant growth, yield and quality. In India, intensive 

agricultural practices, imbalanced fertilizer use and declining organic matter have resulted in 

widespread micronutrient deficiencies, particularly in zinc, iron and boron. Cotton, being a 

nutrient-exhaustive crop, is highly sensitive to such deficiencies, leading to reduced yield and 

inferior fiber quality. Micronutrients also contribute to soil biological activity and influence 

nutrient cycling processes. Recent studies have highlighted a strong link between soil 

micronutrient status and human health, emphasizing their importance beyond crop 

production. Proper management practices such as soil testing, balanced fertilization, organic 

matter addition and integrated nutrient management are essential to restore soil fertility and 

enhance productivity. This article highlights the role of micronutrients in soil health, their 

importance in cotton cultivation, causes of deficiencies and effective management strategies 

for sustainable agriculture. 
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Introduction 
Soil is the fundamental resource for agriculture, and its health determines the productivity, 

sustainability and profitability of farming systems. In recent decades, agricultural 

intensification has significantly increased crop yields, but it has also led to the depletion of 

essential nutrients from the soil. Farmers traditionally focus on macronutrients such as 

nitrogen (N), phosphorus (P) and potassium (K), as these are required in large quantities. 

However, micronutrients, though required in very small amounts, are equally critical for plant 

growth, soil fertility and overall ecosystem balance. 

 Micronutrient deficiencies are now recognized as a major constraint in Indian 

agriculture. Continuous cropping, excessive use of chemical fertilizers, minimal application 

of organic manures and improper soil management practices have disturbed the natural 

nutrient balance of soils. As a result, deficiencies of micronutrients such as zinc, iron, boron 

and manganese are becoming increasingly widespread. In Gujarat, particularly in the cotton-

growing regions, micronutrient imbalance has become a serious issue. Cotton is a nutrient-

exhaustive crop that requires a balanced supply of both macro and micronutrients for optimal 

growth. Deficiencies not only reduce yield but also adversely affect fiber quality, which has a 

direct impact on market value and farmer income. Therefore, understanding the importance 

of micronutrients and their management is essential for sustainable cotton production.  
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Concept and Importance of Micronutrients 
Micronutrients are essential elements required by plants in small quantities, generally less 

than 1 kg per hectare, but they play vital roles in plant metabolism and growth. The major 

micronutrients include zinc (Zn), iron (Fe), manganese (Mn), copper (Cu), boron (B) and 

molybdenum (Mo). Despite their low requirement, micronutrients are indispensable because 

they are involved in various physiological and biochemical processes. They act as cofactors 

for enzymes, participate in redox reactions and regulate plant growth and development. 

Deficiency of any micronutrient can lead to metabolic disorders, reduced growth and lower 

crop yields. The importance of micronutrients extends beyond plant growth. They also 

influence soil health by supporting microbial activity and maintaining nutrient cycling 

processes. Thus, micronutrients play a dual role in sustaining both plant productivity and soil 

fertility. 

Functions of Individual Micronutrients 
Each micronutrient has specific roles in plant growth and development: 

1. Zinc: Zinc is essential for enzyme activation, protein synthesis and growth hormone 

production. It plays a key role in internode elongation and leaf expansion. Zinc deficiency 

leads to stunted growth and reduced crop yield. 

2. Iron: Iron is crucial for chlorophyll synthesis and photosynthesis. It is involved in energy 

transfer and respiration processes. Deficiency results in chlorosis, especially in young 

leaves. 

3. Manganese: Manganese is involved in photosynthesis, nitrogen metabolism and enzyme 

activation. It helps in the breakdown of carbohydrates and nitrogen assimilation. 

4. Copper: Copper plays an important role in enzyme activity, lignin synthesis and 

strengthening of plant cell walls. It also enhances plant resistance to diseases and 

environmental stresses. Although copper deficiency is less common in Indian soils, it may 

occur in sandy or organic soils and should be managed carefully. 

5. Boron: Boron is essential for cell division, cell wall formation and reproductive 

development. It plays a crucial role in pollen formation and boll development in cotton. 

6. Molybdenum: Molybdenum is involved in nitrogen metabolism and is essential for the 

conversion of nitrate into usable forms within the plant. 

Micronutrients and Soil Health 
Soil health is determined by its physical, chemical and biological properties. Micronutrients 

play a significant role in maintaining these properties. They support microbial populations 

that are responsible for organic matter decomposition and nutrient cycling. Continuous use of 

high-analysis fertilizers containing only NPK has led to the depletion of micronutrients in 

many soils. In India, zinc deficiency is the most widespread, followed by deficiencies of iron, 

boron and manganese. The problem is particularly severe in intensively cultivated areas 

where soil nutrients are continuously removed without adequate replenishment. Organic 

matter plays a crucial role in maintaining micronutrient availability. It acts as a reservoir of 

nutrients and improves soil structure, water-holding capacity and microbial activity. 

Declining organic matter content has further aggravated micronutrient deficiencies. 

Maintaining a balance of micronutrients is essential for sustaining soil fertility and ensuring 

long-term agricultural productivity. 

Micronutrient Deficiency in Cotton 
Cotton is a nutrient-exhaustive crop that removes large amounts of nutrients from the soil. 

Continuous cultivation without balanced fertilization leads to depletion of both macro and 

micronutrients.  

Micronutrient deficiencies in cotton can be identified through characteristic symptoms: 

 Zinc deficiency: Stunted growth, reduced leaf size and interveinal chlorosis 

 Iron deficiency: Yellowing of young leaves due to reduced chlorophyll formation 

 Boron deficiency: Poor flowering, reduced boll formation and low fiber quality 



Mistry (2026) Agri Magazine, 03(03): 347-350 (MAR, 2026)     

Agri Magazine ISSN: 3048-8656 Page 349 

 Manganese deficiency: Pale green leaves and reduced plant vigour 

 Copper deficiency: Leaf curling, dieback of shoots and weak plant structure 

 
These deficiencies not only reduce yield but also affect fiber quality, making the crop less 

profitable. 

Causes of Micronutrient Deficiency 
Several factors contribute to micronutrient deficiencies in soil: 

 Imbalanced Fertilizer Use: Excessive use of NPK fertilizers without micronutrient 

supplementation 

 Low Organic Matter: Reduces nutrient retention and availability 

 High Soil pH: Limits availability of zinc and iron 

 Continuous Cropping: Depletes soil nutrients over time 

 Leaching Losses: Occur in light-textured soils 

 Lack of Soil Testing: Leads to improper nutrient management 

Addressing these factors is essential for improving soil fertility and crop productivity. 

Micronutrients and Human Health 
Micronutrients in soil directly influence the nutritional quality of crops and consequently, 

human health. Deficiency of essential nutrients like zinc and iron in soil leads to lower 

nutrient content in food crops. This can result in serious health issues such as anaemia, 

weakened immunity and stunted growth in children. Therefore, improving soil micronutrient 

status is not only important for agricultural productivity but also for ensuring food and 

nutritional security. 

Management of Micronutrients in Cotton 
Proper management of micronutrients is essential for sustainable cotton production. The 

following practices are recommended: 

1. Soil Testing: Soil testing helps in identifying nutrient deficiencies and enables site-

specific nutrient management. 

2. Balanced Fertilization: Application of micronutrient fertilizers such as zinc sulphate, 

ferrous sulphate and copper sulphate ensures adequate nutrient supply. 

3. Organic Matter Addition: Incorporation of FYM, compost and green manure improve soil 

fertility and enhances micronutrient availability. 
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4. Foliar Application: Foliar sprays provide quick correction of micronutrient deficiencies 

during crop growth stages. 

5. Integrated Nutrient Management: INM combines organic and inorganic nutrient sources 

to maintain soil fertility and sustainability. 

6. Crop Rotation: Including legumes in cropping systems improves soil fertility and nutrient 

balance. 

Benefits of Micronutrient Management 

 Increased crop yield and productivity 

 Improved fiber quality in cotton 

 Enhanced nutrient use efficiency 

 Better soil health and fertility 

 Increased resistance to pests and diseases 

 Higher economic returns 

 Sustainable agricultural production 

Role of Farmers and Extension Services 
Farmers play a crucial role in maintaining soil health. Adoption of improved practices such as 

soil testing, balanced fertilization and organic matter application is essential. Extension 

services and agricultural institutions should focus on educating farmers and promoting 

sustainable practices. Government initiatives supporting soil health management can further 

enhance adoption. 

Conclusion 
Micronutrients, though required in small quantities, are essential for maintaining soil health, 

crop productivity and agricultural sustainability. In cotton cultivation, their importance is 

even greater due to high nutrient demand. Neglecting micronutrient management can lead to 

declining soil fertility, reduced yield and poor crop quality. On the other hand, adopting 

proper nutrient management practices can significantly improve productivity and 

sustainability. Healthy soil is the foundation of successful agriculture. By giving due 

importance to micronutrients, farmers can achieve higher yields, better quality produce and 

long-term sustainability of their farming systems. 
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