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ICAR-Research Complex for Eastern Region, Patna
No-13: Mechanisation for Efficient Nutrient Management

Efficient nutrient management is essential for enhancing crop productivity, reducing fertilizer
dose & costs, and maintaining soil health. Agricultural mechanization plays a crucial role in
ensuring the right source, right rate, right time, and right placement (4R Nutrient
Stewardship) of fertilizers, thereby improving nutrient-use efficiency and minimizing nutrient
losses.

Crop residue is not a waste material; rather, it is a valuable natural resource
containing significant amounts of plant nutrients and organic matter. About 25% of nitrogen
(N) and phosphorus (P), 50% of sulphur (S) and 75% of potassium (K) uptake by cereal crops
are retained in crop residues, making them valuable nutrient sources. For example the paddy
straw has 39 kg/ha N, 6 kg/ha P, 140 kg/ha K and 11 kg/ha S. Any machinery or technology
that facilitates the effective utilization of crop residues, whether in-situ (within the field) or
ex-situ (outside the field), contributes to nutrient recycling, improves soil organic carbon, and
enhances soil health.

Key tools and Mechanization Interventions:

1. Leaf colour chart: Nitrogen (N) fertilizer is important in rice production. The Leaf
Colour Chart (LCC) is used to determine the N fertilizer needs of rice crops. LCC has
four green strips, with colour ranging from yellow green to dark green. It determines
the greenness of the rice leaf, which indicates its N content.

How to use the Leaf Colour Chart:

Randomly select at least 10 disease-free rice plants or hills in a field, where plant
population is uniform. Select the topmost, youngest, fully expanded leaf from each
hill or plant. This part best reflects the N status of the plants. Place the middle part of
the leaf on the LCC and compare its colour with the colour panels. Do not detach or
destroy the leaf. Measure the leaf colour under the shade of your body. Direct sunlight
affects leaf colour readings. If possible, the same person should read the LCC at the
same time of the day, every time. If the colour of a rice leaf is in between two shades,
take the average of the two values as the reading. For example, if the colour is in
between 3 and 4, the reading should be 3.5.
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Fig.1 Leaf Colour Chart (Source IRRI)

Take the reading of the 10 leaves, and determine the average. If the colour is more or less
than 3, N fertilizer top dressing is needed. Use the LCC once every 7—10 days starting from
the beginning of tillering (14 DAT). Continue this process up to 5—10 days after panicle
initiation.

2. SPAD meter: A SPAD Meter (Soil Plant Analysis Development Meter) is a handheld
electronic device used to measure the chlorophyll content of plant leaves. Since
chlorophyll content is closely related to the nitrogen status of a plant, the SPAD meter
provides a quick and non-destructive method to assess whether a crop requires additional
nitrogen fertilizer.

How Does It Work?

The meter is clipped onto a leaf. It measures the amount of light transmitted through the
leaf at specific wavelengths. The device instantly displays a SPAD value, which
indicates the relative chlorophyll content and, indirectly, the nitrogen status of the crop.

Benefits of Using a SPAD Meter

e The SPAD meter helps farmers determine exactly when nitrogen fertilizer is needed,
preventing both under- and over-application.

e Nitrogen is applied only when SPAD readings fall below the recommended threshold.
This can reduce unnecessary fertilizer use by 15-30%.

e The crop absorbs and utilizes a greater proportion of applied nitrogen, minimizing
losses.

3. Mulcher: It is a farm machine that cuts and shreds crop residues such as rice straw, wheat
stubble, maize stalks, and other plant residues into small pieces and spreads them uniformly
over the soil surface.



How Does a Mulcher Save Fertilizer?

e Crop residues contain valuable nutrients such as Nitrogen (N), Phosphorus (P),
Potassium (K), Sulphur (S). When residues are mulched and left in the field, they
gradually decompose and release these nutrients back into the soil, reducing the need
for chemical fertilizers.

e Burning crop residues destroys organic matter and causes loss of nutrients, especially
nitrogen and sulphur. Mulching retains these nutrients within the farming system.

e Decomposed mulch increases soil organic matter, which improves nutrient-holding
capacity and enhances fertilizer-use efficiency.

e Mulch reduces evaporation from the soil surface. Better soil moisture improves
nutrient uptake by crops, making applied fertilizers more effective.

e Mulch protects the soil from wind and water erosion, preventing the loss of nutrient-
rich topsoil and applied fertilizers.

e Crop residues provide food for beneficial soil microorganisms that help release and
recycle nutrients, improving soil fertility.

4. Zero till seed cum fertilizer drill: Traditional broadcasting exposes chemical fertilizer to
open air, accelerating nitrogen volatilization and surface runoff. This machine features
inverted-T tynes that open a narrow slit in undisturbed soil. A dual hopper system
simultaneously drops seed and fertilizer into the soil through this slit.

How it saves fertilizer:

e Placing phosphorus and nitrogen directly below or to the side of the seed ensures that
nutrients sit exactly where developing root structures emerge, drastically improving
Fertilizer Use Efficiency (FUE).

e Broadcasted phosphorus remains trapped on the surface layer, largely inaccessible to
roots. The zero-till drill places phosphorus at the exact root depth required.

e Direct drilling through standing crop stubble retains crucial crop residues on the
surface. Because these decaying residues release their own nitrogen, many farmers
can lower their initial basal nitrogen load (synthetic fertilizer) to 25% of standard
recommended doses, saving on input costs while building soil health.

e Zero-tillage methods work hand-in-hand with irrigation conservation. They drastically
reduce water usage during the critical first irrigation cycle because unploughed soils
retain natural residual moisture.

5. Liquid fertilizer applicator: A Liquid Fertilizer Applicator is a mechanized implement
attached to a tractor for the precise application of liquid fertilizers in agricultural fields. The
machine consists of a storage tank, pump, control unit, hoses, and nozzles or injectors that
uniformly deliver liquid nutrients to crops.

Liquid fertilizer is stored in a mounted tank. A pump driven by the tractor PTO
(Power Take-Off) that delivers the fertilizer through pipes. The fertilizer is applied through
pipes inside the sub soil at a depth of 3-4 inch at a predetermined rate. Application rates can
be adjusted according to crop and field requirements. By precisely placing the liquid fertilizer
inside the soil, fertilizer use efficiency can be improved by 20-40%.



6. Super Seeder: The Super Seeder is a tractor-operated conservation agriculture machine
that combines crop residue management, tillage, and sowing operations in a single pass. It is
widely used for sowing wheat after rice harvest without burning crop residues. It cuts and
incorporates rice straw into the soil. It prepares a narrow seedbed. It simultaneously places
seed and fertilizer at the desired depth. It leaves crop residues on the soil surface as mulch.

Precise Seed and Fertilizer Placement, improvement in Soil Organic Matter,
Reduction in Nutrient Losses, Soil Moisture conservation and promotion of crop Root
Growth are some of the advantages of the super seeder.

7. Straw Baler: It is an agricultural machine used to collect, compress, and bundle crop
residues such as rice straw, wheat straw, and other crop stalks into compact bales for easy
handling, transportation, storage, and utilization. After harvesting, crop residues lying in the
field are collected by the baler. The machine compresses the straw into compact round or
rectangular bales. The bales are tied and discharged for storage, transport, or further use.

Benefits of Straw Baler

The machine enables collection of crop residues that would otherwise be burnt,
thereby preventing the loss of valuable plant nutrients. Crop residues contain significant
amounts of nutrients such as: Nitrogen (N), Phosphorus (P), Potassium (K), Sulphur (S) etc.
By collecting and utilizing straw properly, these nutrients can be recycled back into the
farming system. Further Baled straw can be used for Compost making, Vermicomposting,
Mushroom cultivation, Biochar production and as Animal fodder and thus contributing to
nutrient recycling and fertilizer savings.

8. Stationary Shredder: It is a fixed agricultural machine used to shred crop residues,
biomass, horticultural waste, weeds, and other organic materials into small pieces at a
designated location. Unlike tractor-operated shredders, the material is brought to the machine
for processing. It is usually powered by an electric motor or diesel engine.

Crop residues and biomass are fed into the machine manually or through a conveyor.
Rotating blades or hammers cut and shred the material into small pieces. The shredded
material is collected for composting, vermicomposting, mulching, biogas production, or
animal feeding or even can be put directly on the field surface. Materials that can be
processed are Rice straw, Wheat straw, Maize stalks, Sugarcane trash, Vegetable waste,
Banana pseudostem, Coconut leaves, Tree prunings, Weeds and grasses etc.

How Does It Help Save Fertilizer?

Shredded residues decompose faster and can be converted into compost, reducing
dependence on chemical fertilizers. Crop residues contain valuable nutrients that are returned
to the soil through compost or mulch rather than being lost through burning. The shredded
biomass serves as an excellent feedstock for vermicomposting, producing nutrient-rich
organic manure. For example, pigeon pea stalks can be shredded and incorporated into the
same field where the crop was grown. The shredded biomass decomposes over time, adding
organic matter and recycling valuable nutrients back into the soil. This improves soil
structure, enhances microbial activity, increases soil organic carbon, and ultimately
contributes to better soil health and reduced fertilizer requirements.
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