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Fertilizers alone cannot ensure high yields unless plants receive all the essential nutrients they
require in the right proportion. While primary nutrients (N, P & K) receive attention of
farmers, secondary nutrients (Ca, Mg, S) and micronutrients viz., zinc (Zn), iron (Fe),
manganese (Mn), copper (Cu), boron (B), molybdenum (Mo), chlorine (Cl) and nickel
(Ni) often neglected. Micronutrients are required only in trace amounts but are equally
indispensable for an optimum production. Micronutrients are vital for the proper functioning
of plants as they activate enzymes, promote chlorophyll formation, support photosynthesis,
regulate flowering and fruit setting, improve grain filling, strengthen resistance against pests
and diseases and help plants tolerate environmental stresses. A deficiency of even one
micronutrient can reduce crop growth and yield significantly; even when sufficient amounts
of nitrogen, phosphorus, and potassium have been applied. This phenomenon is often referred
to as the 'hidden hunger™ of plants because deficiency symptoms may not appear
immediately, yet crop productivity and quality are adversely affected.

With the increasing adoption of high-yielding crop varieties, intensive cropping systems,
imbalanced fertilizer use and declining soil organic matter, deficiencies of micronutrients—
particularly Zn, B, Fe & Mn have become widespread in many agricultural regions. Thus, the
difference between macro- and micronutrients lies only in the quantity required by the
plant, not in their importance. Timely diagnosis and corrective measures can prevent
substantial yield losses. Therefore, balanced nutrient management should not only focus on
NPK fertilizers but also ensure an adequate supply of secondary and micronutrients.

Key Micronutrients for Crops

Each micro-nutrients performs a unique function in plant, and the absence of even one can
limit crop growth, yield and produce quality.

Zinc (Zn): The Growth Promoter

Zinc is one of the most widely deficient micronutrients in Indian soils. It is essential for
enzyme activation, protein synthesis, chlorophyll formation and the production of plant
growth hormones (auxins). Adequate zinc promotes vigorous root development, healthy
tillering in cereals and better grain formation. Zinc also enhances the efficiency with which
plants utilize nitrogen and phosphorus, resulting in higher fertilizer-use efficiency and
improved crop productivity.

Iron (Fe): The Green Colour Builder

Iron plays a crucial role in chlorophyll synthesis and energy transfer within plant cells.
Although it is not a component of chlorophyll, it is indispensable for its formation. Iron also
supports respiration and photosynthesis, enabling plants to convert sunlight into food
efficiently. A sufficient supply of iron keeps crops green, healthy and capable of sustaining
high biomass production.



Boron (B): The Reproductive Nutrient

Boron is vital for flowering, pollen germination, fruit setting, seed development, and sugar
transport within the plant. It also strengthens cell walls and improves the movement of
carbohydrates from leaves to developing fruits and grains. Crops deficient in boron often
exhibit poor flowering, flower drop, hollow stems or fruits, and reduced seed formation,
ultimately lowering both yield and quality.

Manganese (Mn): The Photosynthesis Activator

Manganese activates several enzymes involved in photosynthesis, respiration, and nitrogen
metabolism. It contributes to chlorophyll formation and helps plants utilize absorbed nutrients
more efficiently. Adequate manganese improves plant vigour, supports healthy leaf
development, and enhances tolerance to environmental stresses.

Molybdenum (Mo): The Nitrogen Manager

Although required in extremely small quantities, molybdenum is indispensable for nitrogen
metabolism. It forms part of the enzymes nitrate reductase and nitrogenase, which enable
plants to convert nitrate into usable forms and facilitate biological nitrogen fixation in
leguminous crops. Adequate molybdenum enhances nodulation, improves nitrogen-use
efficiency, and supports healthy plant growth, particularly in pulses.

Symptoms of Micronutrient Deficiency

Micronutrient deficiencies often develop gradually and may initially go unnoticed. Farmers
frequently mistake these symptoms for insect damage, disease infection, drought stress, or
fertilizer shortage. Some common symptoms observed under micronutrient deficiency
include poor crop vigour, stunted growth, yellowing of leaves (chlorosis), drying of leaf tips
or margins, delayed flowering, poor fruit or grain setting, malformed plant parts, and reduced
seed quality. The location where these symptoms first appear depends on the mobility of the
nutrient within the plant. Deficiencies of relatively immobile nutrients such as iron and boron
generally appear first on young leaves and growing points, whereas symptoms of more
mobile nutrients may be visible on older leaves.

Zinc Deficiency: Zinc-deficient plants show stunted growth with shortened internodes,
giving the crop a rosette-like appearance. Young leaves become smaller than normal and
develop pale yellow or whitish bands between the veins, particularly in cereals such as rice
and maize. Tillering is reduced, resulting in poor grain formation and lower yields.

Iron Deficiency: Iron deficiency is characterized by interveinal chlorosis of young leaves,
where the leaf veins remain green while the tissue between them turns pale yellow or almost
white. In severe cases, leaves may become completely bleached, reducing photosynthesis and
weakening plant growth.

Boron Deficiency: Since boron is essential for growing tissues and reproductive
development, its deficiency first affects the growing points. Symptoms include death of
terminal buds, poor flowering, flower drop, malformed fruits or grains, hollow stems or fruits
in some crops, and reduced seed formation. Root growth is also adversely affected.



Manganese Deficiency: Manganese deficiency appears as light green to yellow interveinal
chlorosis on young or recently expanded leaves. Small brown or grey specks may later
develop on affected leaves, giving them a mottled appearance. Photosynthesis is reduced,
leading to poor plant vigour.

Molybdenum Deficiency: Molybdenum deficiency primarily affects nitrogen metabolism.
Plants show symptoms resembling nitrogen deficiency, including pale green leaves, poor
growth, and reduced vigour. In leguminous crops, nodulation and biological nitrogen fixation
decline significantly, resulting in lower yields. In cauliflower, severe deficiency may produce
the characteristic "whiptail™ symptom, where leaves become narrow and distorted.

It is important to remember that similar symptoms may also arise due to drought,
waterlogging, diseases, or deficiencies of major nutrients. Therefore, farmers should avoid
making decisions solely on visual symptoms. Whenever possible, deficiency should be
confirmed through soil testing and plant tissue analysis, followed by the application of the
recommended micronutrient in the appropriate dose and method.

Management of Micronutrient

Since the requirement of micronutrients varies with soil type, crop, and management
practices, farmers should adopt a balanced and scientific approach rather than applying
micronutrient fertilizers indiscriminately.

Know Your Soil Before You Fertilize : The first step in managing micronutrient
deficiencies is to understand the nutrient status of the soil. Regular soil testing helps identify
deficient nutrients and enables farmers to apply only those micronutrients that are actually
required.

Maintain Soil Organic Matter: Well-decomposed farmyard manure (FYM), compost,
green manures, crop residues, and other organic amendments improve soil structure and
increase the availability of micronutrients.

Follow Balanced Fertilizer Management: Excessive use of nitrogen, phosphorus, or
potassium alone can disturb the balance of nutrients in the soil and reduce the availability of
certain micronutrients, particularly zinc. Therefore, fertilizers should always be applied
according to the principles of balanced nutrient management, supplying both macro- and
micronutrients in appropriate proportions..

Apply the Right Micronutrient through Right Method : Micronutrients can be supplied
through soil application, foliar sprays, seed treatment, or fertigation, depending on the
crop, severity of deficiency, and stage of growth. Soil application is generally preferred for
correcting deficiencies over the long term, while foliar sprays provide a rapid supply of
nutrients when deficiency symptoms appear during the crop season.

Adopt Good Soil and Water Management Practices: Soil reaction (pH), drainage,
irrigation water quality, and moisture management strongly influence micronutrient
availability. For example, zinc and iron become less available in alkaline and calcareous
soils, whereas molybdenum is more available under neutral to slightly alkaline conditions
Maintaining optimum soil moisture, improving drainage where necessary, and avoiding
excessive liming help ensure better micronutrient availability.



Integrate Organic and Inorganic Sources: The best results are obtained when farmers
combine healthy soils, organic manures, and need-based micronutrient fertilizers based
on soil test recommendations. This integrated approach not only corrects nutrient deficiencies
but also improves soil health, enhances fertilizer-use efficiency, and supports sustainable crop
production.

Sources of Micronutrients

Continuous cultivation, removal of crop residues, intensive use of high-yielding varieties, and
repeated application of only NPK fertilizers gradually deplete the available micronutrient
reserves in the soil. Therefore, it is important to replenish these nutrients through suitable
natural and external sources.

Micronutrient Fertilizers

When soil reserves are insufficient, micronutrient fertilizers provide an effective means of
correcting deficiencies. These fertilizers are available in various formulations for soil
application, foliar spray, seed treatment, and fertigation. Some of the commonly used
micronutrient fertilizers include:

e Zinc: Zinc sulphate (ZnSOa4-7H20 or ZnSO4-H20), chelated zinc (Zn-EDTA).
e Iron: Ferrous sulphate (FeSO.), chelated iron (Fe-EDTA, Fe-EDDHA).

« Boron: Borax, Solubor, boric acid.

o Manganese: Manganese sulphate (MnSOa).

e Copper: Copper sulphate (CuSOs).

e Molybdenum: Sodium molybdate and ammonium molybdate.

Chelated micronutrients are particularly useful in high-pH soils because they remain more
soluble and available for plant uptake than conventional inorganic salts.

Organic Manures and Compost

Farmyard manure (FYM), compost, vermicompost, poultry manure, green manures, and crop
residues are valuable sources of micronutrients. Besides supplying small quantities of
essential nutrients, they improve soil structure, increase organic carbon, stimulate beneficial
microorganisms, and enhance the availability of native soil micronutrients

Fortified and Customized Fertilizers

Many commercially available fertilizers are now fortified with micronutrients such as zinc or
boron to ensure balanced nutrition. In addition, customized fertilizers containing both macro-
and micronutrients are increasingly being used to meet the specific nutrient requirements of
different crops and soil conditions.



Optimum Levels of Micronutrients in Healthy Soil

Micronutrient Critical Level (Deficiency Threshold) = Optimum / Sufficient Level

Zinc (Zn) 0.6 mg/kg (ppm) > 0.6 mg/kg
Iron (Fe) 4.5-5.0 mg/kg > 5.0 mg/kg
Manganese (Mn) 1.0 mg/kg > 1.0 mg/kg
Copper (Cu) 0.2 mg/kg > 0.2 mg/kg
Boron (B) 0.5 mg/kg 0.5-1.0 mg/kg
Molybdenum (Mo) = Very low / variable (= <0.1 mg/kg) ~0.1 - 0.5 mg/kg

Avoiding Micronutrient Toxicity

Applying micronutrients in excess does not increase crop yield; instead, it may harm plants,
reduce nutrient uptake and waste valuable inputs. The guiding principle is simple:
"Micronutrients are powerful in small quantities—apply only what the crop needs, no
more and no less."

Take-Home Message

Micronutrients are not optional—they are essential for sustainable and profitable agriculture.
Healthy crops are the foundation of a prosperous farm, and healthy crops require balanced
nutrition. While nitrogen, phosphorus, and potassium build the crop, micronutrients ensure
that the plant functions efficiently, utilizes fertilizers effectively, and expresses its full yield
potential. Ignoring these "small nutrients" can result in hidden losses that reduce both
productivity and profitability. By giving due attention to micronutrients along with major
nutrients, farmers can move one step closer to achieving sustainable, climate-resilient, and
profitable agriculture.
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