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A B S T R A C T  

 Micronutrients are generally required in small amounts that are essential for plant development, crop quality 
and productivity. This article reviews the major micronutrients, factors influencing their availability and challenges 
of micronutrient deficiency under intensive agriculture. Various approaches such as soil testing, fertilization in a 
balanced proportion, organic inputs, foliar application and site-specific management are vital to improve availability 
of micronutrients. Management can enhance soil health, crop productivity and nutritional quality which leads to 
sustainable agriculture.  
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1. INTRODUCTION 

 Micronutrients are elements that plants 
require in minute quantities but are vital for growth, 
development and metabolism (Jena and Pramanik, 
2020). They perform various functions such as enzyme 
activity, photosynthesis, protein synthesis respiration 
and reproductive development. There are eight 
micronutrients. They are boron (B), chlorine (Cl), 
molybdenum (Mo), manganese (Mn), iron (Fe), nickel 
(Ni), copper (Cu), and zinc (Zn). Each performs a 
specific physiological function. Iron and manganese 
are involves in photosynthesis, zinc and copper are 
needed for enzyme activity and metabolism. While, 
boron is important for reproduction development and 
cell wall formation. Molybdenum and nickel are 

associated with nitrogen metabolism and chlorine 
takes part in osmotic balance and photosynthesis. 
These nutrients are required in small amounts but their 
insufficient availability can interfere with plant 
growth, reduce yield and affect crop quality. 
 
2. ROLE OF SOIL MICRO NUTRIENTS 
 Zinc is a vital element for enzyme activity, 
protein synthesis and normal plant growth. Its 
deficiency will reduce yield and growth of the plant. 
The management of zinc can increase zinc 
concentration of the grain thus improving the 
nutritional quality of the crop (Kihara et al., 2024). 
Manganese helps in photosynthesis and enzyme 
activity. Copper is involved in respiration and electron 
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transport. Iron is important for the formation of 
chlorophyll, photosynthesis and various metabolic 
reactions. It may be of limited availability on 
calcareous and high pH soils. Good Fe management 
can enhance crop micronutrient concentration and 
yield. Boron plays a role in cell-wall formation, pollen 
development and reproductive growth. Deficiency of 
it will retard flowering, seed formation and plant 
growth. 
 
3. FACTORS INFLUENCING THE AVAILABILITY 
OF MICRONUTRIENTS 
 The availability of micronutrients depends not 
only on total nutrient content but also on various soil 
properties such as pH, soil texture, mineral 
composition, soil organic matter (SOM), moisture 
content and soil microbial activity. These factors 
influence the solubility, retention and uptake of 
nutrients by plants. The higher soil pH generally 
reduces the availability of Zinc, Iron, Manganese and 
Copper, soil organic matter and soil microbial activity 
that facilitate nutrient cycling. Therefore, 
micronutrient application should be based on soil-
specific conditions and crop requirements rather than 
blanket recommendations. 
 
4. MANAGEMENT OF SOIL MICRONUTRIENTS 
 Effective micronutrient management should 
be based on soil testing and crop requirements and it 
includes the following: 

1. Soil Testing helps in identifying deficiencies 
and supports appropriate fertilizer 
recommendations 

2. Balanced fertilization of macro and 
micronutrients improves nutrient use 
efficiency. 

3. Foliar application will provide rapid nutrient 
supply when soil availability is limited, 
particularly during critical growth stages. 

4. Organic matter can be improved by the 
application of Farmyard manure, 
vermicompost etc., 

5. Spatial assessment of nutrients can help in 
identifying management zones (Shukla et al., 
2024). 

Thus, overall integration of these kind of approaches 
and nutrient management can improve micronutrient 

availability and reduce unnecessary usage of 
fertilizers. 
 
5. CASE STUDIES SUPPORTING THE 
REQUIREMENT OF PROPER MANAGEMENT OF 
MICRONUTRIENTS 
 Intensive cultivation, continuous removal of 
nutrients, imbalanced fertilization and declining 
organic matter can cause depletion of micronutrients. 
Shukla et al. (2021) revealed in a study that there is a 
widespread micronutrient deficiencies in Indian 
agricultural soils. In a study, it was noted that the 
improvement in the concentration of Zn and Fe in 
maize grain with proper nutrient management (Kihara 
et al., 2024). Rajput et al. (2024) studied boron and iron 
application benefits in enhancing the micronutrient 
content and quality of basmati rice. Therefore, proper 
application of these nutrients is necessary for 
maintaining the soil fertility and improving 
productivity. 
 
6. ROLE OF MICRONUTRIENTS IN 
SUSTAINABLE AGRICULTURE 
 A balanced crop nutrition is key to sustainable 
agriculture which aims to reduce the use of 
unnecessary inputs and nutrient losses (Jena et al., 
2024). Proper micronutrient management will rectify 
deficiencies and maintains soil fertility. Yet, excessive 
application will cause toxicity and nutrient imbalance. 
Therefore, micronutrients should be applied in right 
amount, place and time period as per the crop 
requirements. Micronutrient availability and 
sustainable crop production can be improved using 
organic manures, fertilizers and soil conservation 
practices etc. 

 
7. FUTURE PERSPECTIVES 
 Various technologies such as GIS, digital soil 
mapping and spatial analysis can enhance nutrient and 
fertilizer recommendation assessments. Sahay et al. 
(2024) demonstrated in his work regarding the ability 
of spatial nutrient mapping to develop management 
zones. Nutritional levels of staple crops can be 
improved by the method of bio-fortification (Kihara et 
al., 2024; Rajput et al., 2024). Thus, the integration of soil 
science, plant nutrition, precision agriculture and 
microbiology will be imperative for sustainable and 
site-specific micronutrient management. 
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8. CONCLUSION 
 Micronutrients are required in small quantities 
but are essential for healthy growth of the crop, 
productivity and quality. Under intensive cultivation 
deficiencies are likely to increase, which highlights the 
need for soil testing, balanced fertilization, organic 
matter management and site-specific nutrient 
application. Effective management of micronutrients 
improves soil health and crop performance. It also 
improves food quality which is an important 
component of sustainable agriculture and nutritional 
security. 
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