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Abstract

Wheat is one of the staple crops cultivated across the globe, which is currently facing challenges in

terms of yield and grain quality due to the changing climatic environment. This change includes the oc-

currence of warmer temperatures, erratic rainfall, drought, and extreme weather conditions. Nutrient

management becomes crucial for sustaining the yield and quality of the crop in such a climatic environ-

ment. The proper use of the essential nutrients like nitrogen, phosphorus, potassium, sulfur, and mi-

cronutrients in accordance with their requirement by plants can be beneficial for growth, nutrient use ef-

ficiency, and grain formation. Management of nitrogen becomes vital since the excessive and inappro-

priate use of nitrogen can adversely affect nutrient use efficiency and the environment. Nutrient man-

agement strategies like split application, foliar feeding, and the use of controlled-release or enhanced ef-

ficiency fertilizers could go a long way in synchronizing nutrient requirements of crops with the supply

of nutrients and minimizing the nutrient loss under heat and drought conditions. Hence, integrated nutri-

ent management becomes imperative in order to realize higher and sustainable yields of wheat, improve

grain quality and minimize the environmental footprint of wheat cultivation.
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Nutrient Management, Nitrogen Management, Macro Nutrients, Micro Nutrients, Nutrient Use
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1. Introduction

Wheat (Triticum aestivum L.) is one of the key cereals in the world and acts as the primary source of calo-

ries, proteins, and other nutritional contents for many people around the globe. The need for wheat owing to

increased populations, changes in food habits, and food security is continuously necessitating improvements

in crop productivity and grain quality. However, the cultivation of wheat is being faced by climate changes,

including high temperature, uneven rainfall, drought, heatwaves, and other forms of extreme weather condi-

tions. Such climatic stresses may cause adverse effects on crop growth, nutrient uptake, grain development,

yield production, and ultimately grain quality. The proper management of nutrients is very crucial for the

sustainable cultivation of wheat since the availability of adequate and balanced nutrients is very vital for op-

timal plant growth and yield formation. Out of all the essential nutrients, nitrogen (N), phosphorus (P), and

potassium (K) are the ones that have very significant importance for the cultivation of wheat. Nitrogen en-

hances vegetative growth, chlorophyll synthesis, photosynthesis, and the accumulation of proteins in the

grains of wheat. Heat and moisture stress may inhibit root activity and nutrient absorption, while too much

precipitation may lead to nutrient leaching, runoff, and denitrification. Conventional fertilizer practices may

not always ensure that enough nutrients are available when and in the amount they are needed. Unbalanced

and uncontrolled application of fertilizers may lead to degradation of soil, poor nutrient use efficiency, pollu-

tion, and high greenhouse gases. Correct nitrogen and sulfur nutrition can help increase protein content and

gluten qualities in grains, while proper management of micronutrients can increase their nutritional value. At

the same time, too much nitrogen application can increase lodging and nutrient losses, but without propor-

tional yield benefits. Thus, finding the proper nutrient sources, rates, time of application, and methods is im-

portant to ensure use efficiency, yield and nutritional quality. Changing climate may affect nutrient availabil-

ity in soil and needs of wheat for nutrients. High temperature and moisture stress might reduce the root ac-

tivity and nutrient absorption while excess rains might lead to loss of nutrients due to leaching, runoff, or

denitrification. Thus, conventional fertilizer application may not always guarantee sufficient provision of nu-

trients at proper times in the correct amounts. Over or imbalanced fertilizer application may lead to soil

degradation, inefficiency in the use of nutrients, contamination of the environment, and emissions of green-

house gases. The above facts suggest that nutrient management should be climate adaptive and site specific.

Integrated nutrient management using inorganic fertilizers along with manures, crop residue, compost, and

biofertilizers is a useful technique to maintain soil fertility and provide sufficient nutrients. Innovative prac
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tices including soil testing, nutrient application through precision

agriculture, split application of nitrogen, foliar nutrition, controlled

release fertilizers, and decision support systems can facilitate syn-

chronization between nutrient provision and crop nutrient demand.

These practices will ensure efficient use of nutrients and make wheat

plants tolerant to drought, high temperature, and other climatic

stresses. Nutrient management plays a crucial role in enhancing the

quality of wheat grains as well. Efficient use of nitrogen and sulfur

can help in increasing the protein content and gluten properties of

grains, whereas nutrient management of micronutrients can increase

their nutritional content. However, excess application of nitrogen can

lead to lodging problems and loss of nutrients without any propor-

tional increase in yields. Thus, it becomes necessary to adopt proper

nutrient management in terms of its source, rate, timing, and applica-

tion technique to increase yields, quality, profitability, and sustainabil-

ity. Under the circumstances, the importance of nutrient management

in climate-smart wheat production cannot be underestimated. Nutrient

management techniques that can adapt to variations in temperature

and rainfall can help increase wheat yield, quality, resource efficiency,

and sustainability of agriculture. Hence, it becomes necessary to un-

derstand the significance of nutrient management under changing cli-

matic conditions.

2. Changing climate environment and effects on

wheat yield

Wheat (Triticum aestivum L.) is one of the most significant cereal

plants worldwide and a major contributor to calories and proteins in-

take for a considerable number of people around the world. Yet,

wheat cultivation is increasingly vulnerable to the effects of changing

climatic environment. Changing weather conditions such as increased

temperatures, fluctuating amount of precipitation, droughts, heat

waves and changes in atmospheric concentrations of carbon dioxide

affect plant growth, development, productivity and grain quality.

a. Increased temperature and heat stress

-Temperature is one of the most significant factors affecting wheat

phenology and productivity. Increase in temperature will accelerate

the rate of development and shorten the grain-filling period of the

plant. Moreover, high temperature can reduce the photosynthesis, in-

crease the respiration process, impact negatively on pollen viability

and lead to decreased grain weight. One of the main types of heat

stress is terminal heat stress that affects wheat growing areas in which

temperatures increase at late winter and early spring. Heat stress af-

fects significantly wheat yield and quality characteristics

b. Rainfall and water variations

-The climate is also linked with increased variations in rainfall.

Insufficient and too much rainfall can have a negative impact on

wheat production. During the tillering, flowering, and grain-filling

stage, water deficit can limit nutrient intake and plant growth.

However, too much rain may lead to nutrient leaching, waterlogging,

and lower root activity. Effective nutrient management in conjunction

with proper irrigation and water conservation methods is thus very

critical in ensuring efficient wheat production.

c. Drought and other climatic stresses

The drought stress condition limits the development of roots, photo-

synthesis, leaf area, and nutrient uptake. In cases where there is water

deficiency, the use of nutrients by plants can be inefficient. Equally,

climatic stresses such as heat waves, unexpected rainfall, and frost

can disrupt the growth stages. The mentioned stresses indicate the im-

portance of nutrient management to enhance plant vigour, root devel-

opment, and nutrient use efficiency.

d. Elevated atmospheric CO2

- Increase in the concentration of atmospheric CO2 may enhance the

process of photosynthesis and biomass productivity in C3 crops like

wheat. The benefits of elevated CO2 under changing conditions may

depend upon the temperature, availability of water, and nutrient sup-

ply. The shortage of nitrogen and other nutrients may restrict the

process of conversion of carbon assimilation into grain production

and quality. Therefore, proper availability of nutrients is necessary to

get the benefit of changes in atmospheric CO2 levels.

e. Effect on yield and grain quality of wheat

-Changing climatic condition may have a positive or negative impact

on the production of wheat in terms of quantity and quality. Drought

and heat may reduce the grain numbers, thousand-grain weight, and

total yield. Other factors that may be affected are the protein content

of the grain, gluten content, starch content, and micronutrient content

of the grains. Therefore, adequate availability of nutrients is one of

the key aspects of climate-responsive wheat production. Importance

of Climate-Responsive Nutrient Management Under changing cli-

matic conditions, the conventional fertilizer recommendations may

not always lead to optimum nutrient availability

3. Importance of nutrient management in wheat

cultivation

The efficient use of nutrients in wheat cultivation is one of the basic

requirements of sustainable agriculture due to the direct effect of the

availability of nutrients on the development of plants, their growth,

yield formation, and the quality of grains. The proper provision of

macro- and micronutrients in the course of cultivation of wheat is

necessary for its successful growth and development.

a. Role of nutrients in wheat development

Among the main nutrients necessary for wheat cultivation are nitro-

gen (N), phosphorus (P), and potassium (K). Nitrogen is responsible

for the stimulation of growth and development of leaves and stems,

chlorophyll formation, tillering, and protein content of grains.

Phosphorus provides the stimulation of root development and energy

transfer, early establishment, and reproduction in the plants.

Potassium regulates the water balance, stimulates enzyme activity,

photosynthesis, and resistance to adverse environmental conditions

such as drought and heat. Other secondary nutrients include sulfur,

calcium, magnesium, and some other micronutrients such as zinc,

iron, manganese, boron, and copper.

b. Increasing Wheat Yield

-Appropriate nutrient availability can result in more productive tillers,

increase in spike length, grain per spike, and grain weight, thus lead-

ing to increased grain yield. Nitrogen use is very important since both

deficiency and excess of nitrogen can have detrimental effects on the

yield. Phosphorus is essential for good root growth and establishment

of crops, whereas potassium is essential for improved physiological

functioning and enhanced crop performance under stress conditions.

Therefore, the nutrient management should be done according to the

needs of the crops and the nutrient levels in the soil.

c. Improvement of grain quality

Nutrient management not only improves wheat yield but also its qual-

ity. Nitrogen has a significant role in influencing the grain protein

content as well as the gluten proteins. Sulfur has an important role in

protein synthesis and gluten quality, and the micronutrients zinc and

iron are useful for enhancing the nutrition value of wheat grain.

d. Improving the efficiency of nutrient-use

Nutrient-efficient management involves maximizing the crop nutrient

uptake and minimizing the loss of nutrients. Correct dosage of fertil-

izers, time of application, placement, and sources of fertilizer can in-

crease the efficiency of nutrient use. The split application of nitrogen

will optimize the application and prevent losses through leaching and

volatilization. Site-specific nutrient management and precise fertiliza-

tion are additional approaches to improving the efficiency of fertilizer

use.

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net
2
6
6
4
6
0
7
2
, 2

0
2
6
, 8

(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.3

3
5
4
5
/2

6
6
4
6
0
6
4
.2

0
2
6
.v

8
.i9

c
.7

5
9
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 A

g
r
ic

u
ltu

r
e
 a

n
d
 N

u
tr

itio
n
 o

n
 [

3
0
/0

9
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.a
g
r
ic

u
ltu

r
e
jo

u
r
n
a
l.n

e
t)

 f
o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

178



e. Nutrient management under changing climatic conditions

Under changing climate conditions, nutrient availability, nutrient up-

take, and nutrient utilization by wheat crops can be affected. Heat

stress, drought, erratic rainfall, and water logging can hinder root

functions and nutrient uptake. Balanced nutrition is one way of main-

taining physiological activities of plants and their ability to cope with

stress. Potassium and micronutrient availability are particularly im-

portant for water balance, enzymatic activity, and stress mechanisms.

f. Maintaining soil fertility

- Continuous cultivation of wheat without replenishing the nutrient

content of soil will deplete soil nutrients and decrease soil fertility.

Nutrient management, consisting of appropriate use of inorganic fer-

tilizers, organic manures, crop residues, and biofertilizers, will en-

hance nutrient availability and improve soil fertility.

4. Essential Nutrients and Their Importance in Wheat

Production - It needs a proper balance of nutrients

throughout the crop growth cycle to get maximum yield potential

from wheat plants. There are specific functions performed by differ-

ent nutrients in the biological activities such as photosynthesis, respi-

ration, protein synthesis, root development, enzymes activation, water

regulation, and grain development. Among all the required nutrients,

nitrogen (N), phosphorus (P), and potassium (K) are required in rela-

tively higher amounts compared to the secondary nutrients and mi-

cronutrients. However, all nutrients are equally important for normal

growth and productivity of crops. In fluctuating environmental condi-

tions, balanced availability of nutrients is of more importance as envi-

ronmental stresses limit nutrient availability and usage.

I.  Nitrogen Application Practices - Nitrogen is considered as

an important nutrient for wheat production as well as a key

factor in regulating vegetative growth, tiller development,

leaf area development, chlorophyll formation, and grain

protein accumulation. Proper application of nitrogen helps

in the development of tillers, which result in increased

grain number per spike as well as increased grain weight.

Deficiency in nitrogen is associated with the development

of pale-green or yellow-colored leaves, limited tiller for-

mation, low plant biomass production, and poor grain

yield. Similarly, high nitrogen application.

II.  Management of Phosphorus - Phosphorus is vital for en-

ergy transfer, root development, cell division, and repro-

ductive development. Proper phosphorus levels ensure the

rapid development of roots, increasing the capacity of the

plant to search for water and nutrients from the soil.

Phosphorus is highly valuable at the early stages of the

crop production and helps develop tillers and grains.

Phosphorus deficiency leads to poor root development,

limits plant development, causes late maturity of crops,

and affects their yield. As phosphorus has low mobility in

soil, its proper management takes into account soil fea-

tures, placement, and soil phosphorus levels. It is crucial to

ensure sufficient phosphorus availability in the case when

temperature or moisture levels at the early stages limit root

development.

III.  Potassium Management - Potassium is very important for

regulating water balance, regulating stomata, activating en-

zymes, photosynthesis, carbohydrate translocation, and

providing structural integrity of wheat plants. Potassium

may help to improve stem strength and increase lodging

resistance of plants.

IV.  Sulfur Nutrient Management - Sulfur is needed in the pro-

duction of sulfur-containing amino acids and proteins and

is closely linked to the metabolism of nitrogen. Good sul-

fur nutrition can help in improving nitrogen efficiency as

well as grain protein quality. Sulfur deficiency will result

in yellowed plants and low plant growth and adversely af-

fect grain protein quality.The use of high analysis fertiliz-

ers without any sulfur and low sulfur deposition in the at-

mosphere in some agricultural areas has made it necessary

to monitor sulfur availability. The proper management of

nitrogen and sulfur becomes critical for obtaining good

grain quality from wheat.

V.  Zinc Nutrient Management - Zinc is one of the micronu-

trients needed for enzyme activity, protein production,

membrane stabilization, and plant growth regulation. Zinc

deficiency will limit root and shoot growth and lower grain

yield. Wheat is also an important crop for bio-fortification

where improvement in grain zinc levels can help with di-

etary micronutrient needs. Zinc fertilizer application to

soils, seeds, or foliar spray, based on soil and crop require-

ments, can help in improving plant zinc nutrition.

VI.  Management of Iron - Iron is very important for chloro-

phyll synthesis, electron transport, respiration, and en-

zymic reactions. Although iron is quite available in the

soil, iron deficiency may occur in some soil conditions.

Iron deficiency results in interveinal chlorosis especially in

young leaves. It leads to a decrease in photosynthetic abil-

ity and reduces the yield of the crop. It is essential to main-

tain sufficient iron levels for proper wheat development,

especially where iron deficiency exists.

VII.  Manganese, Copper and Boron Manganese, copper, and

boron are not needed by the plant in significant amounts;

however, these play physiological roles. Manganese plays

an important role in photosynthesis and enzyme actions,

copper in electron transport and reproductive development,

and boron in cell wall development and reproductive pro-

cesses. A deficiency in any of these nutrients will have

negative effects on plant growth and reproduction.

However, since micronutrients are not required in large

amounts, they should be used according to soil analysis.

VIII.  Interaction among Nutrients - Nutrients do not work alone

in the plants. Interactions between nitrogen, phosphorus,

potassium, sulfur, and micronutrients could affect nutrient

uptake, physiological efficiency, and yield production.

Sufficient amount of sulfur is required to efficiently use ni-

trogen while phosphorus and potassium contribute to

proper development of roots and physiological activities

which help in nutrient uptake. Thus, using a huge quantity

of one nutrient without regard to other nutrients will not

lead to yield maximization. Balanced fertilization, taking

into consideration the state of soil fertility and crops’

needs, is better than nutrient use according to fertilizer

recommendations.
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IX.  Nutrient Management in Changing Climates - Climate

changes could have an effect on nutrient availability and

uptake. Drought could limit nutrient diffusion and root ab-

sorption, excessive rainfall could lead to nutrient leaching

or waterlogging. Heat could speed up crop development

and increase their nutrient demand. Proper nutrient man-

agement will assist to maintain plant growth and physio-

logical functions under stress. The combination of soil

testing, balanced fertilization, split nutrient application, or-

ganic matter, biofertilizers, precision nutrient management,

and efficient irrigation could improve nutrient-use effi-

ciency and ensure stable production of wheat under chang-

ing climate.

5. Integrated nutrient management for wheat

INM is a very important concept in promoting sustainable wheat pro-

duction where the use of inorganic fertilizers is coupled with organic

fertilizers such as manures, crop residues, compost, green manures,

and bio-fertilizers. The aim of the INM approach is to provide the re-

quired nutrients in adequate amounts at suitable periods and increase

the efficiency of use of the nutrients and conserve the soil fertility and

loss of nutrients

a. Concept and importance of INM

-Wheat crops need the provision of nutrients in the right proportions

throughout the growth period of the plants. While chemical fertilizers

provide immediate provision of nutrients, there may be problems in

nutrient imbalances, decreasing organic matter content of the soils,

and losses to the environment. On the other hand, organic fertilizers

provide nutrients slowly and enhance the properties of the soil. INM

combines various sources of nutrition to benefit from the strengths of

all of them. Organic matter improves the physical conditions of the

soil such as its structure, microbial life, moisture retention, and nutri-

tional capacity, whereas mineral fertilizers supply nutrients in accessi-

ble forms at the times of the crops' high nutrient demands.

b. Integration of chemical fertilizers and organic manures

Farmyard manure, compost, poultry manure, vermi compost, and

other well-rotted organic matter can be used in wheat-based systems.

These products supply nutrients to the soil and increase the amount of

organic carbon in it. The process of their decomposition results in the

supply of nutrients and improvement of soil aggregation and moisture

retention. The combination of organic manures and recommended

mineral fertilizers can lead to better nutrient availability in compari-

son with the use of one of them alone. However, it is worth mention-

ing that the nutrient content of organic matter varies greatly.

c. Role of crop residue management

Retention and incorporation of crop residues may lead to recycling of

nutrients and maintenance of soil organic matter. Residues of wheat

or preceding crops have nutrients that can be recycled into the soil by

the process of decomposition. Residue management may also control

soil erosion, soil moisture content, and soil temperature. Correct crop

residue management is especially important during climate variabil-

ity, since better maintenance of soil organic matter and moisture will

help buffer the crops from periods of drought. Yet the method and the

moment of the incorporation of residues should be managed well,

since high carbon residues may immobilize available nitrogen.

d. Biofertilizers and microbial inoculants

- Biofertilizers are products containing microorganisms which help

improve nutrient availability or stimulate plant growth. Inoculants

that fix nitrogen, solubilize phosphorus, mobilize potassium or stimu-

late plant growth may supplement mineral fertilizers. Their effective-

ness, though, is limited by the condition of the soil, compatibility of

the microorganisms, environment, type of the crop and management

practices. Thus biofertilizers should be considered as part of the nutri-

ent management strategy not as its universal substitution of mineral

fertiliz.

e. Nutrient management that is specific to the location

Nutrient availability in the soils differs spatially within an agricultural

field. Site-specific nutrient management involves determining nutrient

application rates based on soil testing results, crop needs, yield expec-

tations, and other information about the field. Such practice helps to

avoid under application or over application of nutrients. For wheat,

nutrient management can be especially helpful with respect to nitro-

gen. Since wheat needs a variable amount of nitrogen at different

stages of development, techniques such as chlorophyll meters, optical

sensors, remote sensing, and decision support systems can help in es-

tablishing crop nitrogen needs.

f. Balanced and timely application of fertilizers

INM effectiveness does not depend exclusively on nutrient sources;

the rate, time, placement, and application technique matter as well.

Nitrogen is usually applied using the split application technique to

match nitrogen availability to crop need. Phosphorus and potassium

fertilization should be based on soil tests and removal by crops. Foliar

application of some chosen micronutrients could be effective when

needed. Placement of fertilizers near the root zone is beneficial as

well.

g. INM and nutrient use efficiency

One of the key benefits of INM technology is improved nutrient use

efficiency due to increased nutrient retention and reduced loss for or-

ganic amendments and high bioavailability of nutrients for mineral

fertilizers. Synchronization of nutrient supply and crop uptake could

result in improved utilization of applied nutrients. The improvement

of nutrient use efficiency would lower fertilizer costs and environ-

mental losses. Thus, the use of INM technology would contribute sig-

nificantly to the sustainable intensification of wheat cultivation

h. INM under changing climate conditions

Various climatic changes such as changing temperature regime,

drought, uneven precipitation, etc., may affect the availability of nu-

trients and uptake by crops. The application of INM will improve the

conditions of soil organic matter, water holding ability, and biological

activity. The combined effect of organic and mineral fertilization al-

lows maintaining the growth of crops in adverse environmental condi-

tions. However, INM must be tailored to specific soil, climate, crop-

ping system, and resources availability and not follow the same stan-

dard nutrient package.

6. Nutrient management in case of climate stress

Nutrient management in case of climate stress refers to keeping an ad-

equate and balanced level of nutrients for crop plants under the

changing climatic conditions like drought, high temperatures, heavy

rainfall, flood and soil salinity. Climate stress may affect the supply

and availability of nutrients to plants and their losses due to leaching

and runoff and soil nutrient dynamics. Hence, effective methods of

soil test-based fertilizer application, nitrogen splits, balanced NPK

fertilization, application of organic manure/compost, mulching, ferti-

gation and proper irrigation and drainage management are critical.

Potassium is very much important for plant water regulation and

stress tolerance, whereas the deficiency of micronutrients must be

managed. Combining the organic and inorganic sources of nutrients

would help in improving the soil properties including its fertility

7. Effect of nutrient management on wheat yield and

yield components

Nutrient management becomes an indispensable part of enhancing the

growth, yield, and yield components of wheat. Nutrients like N, P, K,

S and micronutrients become a necessary part of the growth of the

wheat (Triticum aestivum L.). Among all these nutrients, nitrogen is a

prime component as it ensures vegetative growth, formation of

chlorophyll, tillering and grain development. Usually, nitrogen appli-

cation enhances the height of the plants, the number of productive

tillers, spike length, number of grains per spike and thousand grains
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weight and ultimately increases the grain yield. Phosphorus is needed

for the root development, energy transfer, early plant establishment

and reproductive growth whereas potassium helps in improving the

water use efficiency, nutrient translocation, disease resistance and

grain filling. Sulphur is a component that helps in the protein synthe-

sis and enhances the quality of wheat grain. Hence, nutrient manage-

ment is better than the excessive application of any one nutrient.

Integrated nutrient management involves both inorganic and organic

sources of fertilizers including farmyard manure, compost, vermicom-

post or green manures. Nutrients derived from organic sources are re-

leased gradually, add to the soil organic matter, improve the soil struc-

ture, and increase microbial activity, while those derived from chemi-

cals are easily available to plants, thus helping them to grow fast.

Organic-inorganic combination is effective in improving the effi-

ciency in nutrient uptake and the soil status. Management of nutrients

also significantly influences the yield components. Availability of ad-

equate nutrients at the tillering stage ensures the formation of produc-

tive tillers, one of the factors determining the wheat yield. Adequate

nutrients during the stages of stem elongation and booting ensure

proper development of spikes and increase the number of grains in

each spike. During grain filling, adequate nitrogen and potassium will

ensure proper photosynthesis and translocation of assimilates into de-

veloping grains, leading to heavier grain weight. On the other hand,

the deficiency of nutrients may lead to poor growth, lack of tillering,

small spikes, few numbers of grains, and low grain weight. Over-fer-

tilization especially with high amounts of nitrogen might cause vigor-

ous growth of vegetative parts and increases the risk of lodging, inci-

dence of pests and diseases, and reduces nutrient-use efficiency.

Nutrient split application, for instance, can help in aligning nutrient

supply with crop demands and minimize nutrient losses. Site-specific

nutrient management through soil testing and crop needs can enhance

the efficiency of nutrient use and economic gains from this process.

In general, nutrient management helps in enhancing yield of wheat by

optimizing its yield components, which include productive tillers per

unit area, length of spike, grains per spike, and thousand-grain

weight. Thus, balanced nutrient management is necessary for increas-

ing wheat production.

8. Effect of nutrient management on the quality of

wheat grains

Effect of Nutrient Management on Wheat Grain Quality

The nutrient management significantly affects the quality of wheat

grains since it directly influences the processes of development, pro-

tein accumulation, starch synthesis, and biochemical processes. The

major nutrients influencing the wheat grain quality are nitrogen, phos-

phorus, potassium, and sulphur. Of them, nitrogen is the main nutrient

affecting the protein content in wheat grains. The sufficient availabil-

ity of nitrogen results in enhanced synthesis of amino acids and stor-

age proteins, which provide the strength and elasticity of gluten.

Nevertheless, an increased amount of nitrogen does not necessarily

lead to enhanced quality of wheat and leads to poor nutrient effi-

ciency and loss of nutrients. Phosphorus is responsible for the normal

development of roots, metabolism, and grain formation and thus posi-

tively affects grain development. Potassium is responsible for carbo-

hydrate translocation, enzyme activity, water balance, and grain fill-

ing and thus improves the weight of the grain and its quality. In addi-

tion, sulphur is very important for the formation of sulphur-containing

amino acids that affect gluten formation. Therefore, proper balance

between the two is very necessary for producing good quality protein.

Some micronutrients like zinc, iron, manganese, and boron play an

important role in grain quality as well as in physiological processes of

the plant. Zinc is one such micronutrient which plays an important

role in enzymatic action and protein synthesis and is known to in-

crease the zinc content of wheat grain by its proper application. In the

case of integrated nutrient management, proper use of inorganic fertil-

izers along with organic nutrients like farmyard manure, compost or

even vermicompost proves to be beneficial for nutrient availability

and biological activities of the soil. Application methods and timing

of the nutrients are also crucial factors. Proper nutrient management

and proper split application of nitrogen will help in increasing the ef-

ficient utilization of nutrients as well as the accumulation of grain

proteins during grain filling period. Leaf application of some nutrients

may also help in overcoming deficiencies at important growth stages

of the plant. Deficiencies of nutrients lead to small-sized grains, low

protein content, low test weight and nutritional quality of grains.

Thus, soil analysis and balanced nutrient advice are necessary to at-

tain good yield and quality of grain. In summary, proper nutrient man-

agement helps to improve the quality of wheat grain through affecting

the protein content, gluten properties, weight of grains, carbohydrate

development, and the micronutrient content. Proper nutrient manage-

ment that incorporates macronutrients and micronutrients in adequate

quantities during proper stages of growth can result in better quality

of wheat grain.

9. Precision and site-specific nutrient management

Precision and site-specific nutrient management (SSNM) represent a

highly developed strategy of agriculture nutrient management, which

strives to provide adequate amounts of nutrients to the crops in appro-

priate timing and in the specific location. In the conventional strategy

of fertilizer management, uniform application of the same kind and

amount of fertilizer is practiced in the whole field despite the fact that

there may be considerable differences in terms of soil fertility, growth

of crops and need for nutrients in different parts of the field. The main

purpose of precision nutrient management is to increase efficiency of

nutrient application, to boost crop productivity, to lower production

costs and negative effects on environment caused by excessive use of

fertilizers. Site-specific nutrient management entails an evaluation of
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nutrient-supplying ability of a specific field or management zone. Soil

testing forms one of the critical elements in SSNM since it reveals the

availability of the key nutrients such as nitrogen, phosphorus, potas-

sium, sulphur and micronutrients. Other considerations include the

soil texture, pH, organic matter content, moisture condition, previous

crop grown, crop varieties, expected yield and climatic conditions.

Thereafter, the nutrient requirement of the crop is matched with the

supply of nutrients from the soil, organic material, biological pro-

cesses and fertilizers. Through this, it is possible to establish the fer-

tilizer requirement of the crop as opposed to following general recom-

mendations. Precision agriculture techniques have made the practice

of nutrient management more effective. The application of GPS and

GIS technology makes it possible to produce detailed maps of soil

fertility and crop performance. It is also possible to use remote sens-

ing through satellite images, drones and agricultural sensors to ob-

serve the variations in crop growth and nutrient stress. The use of

yield monitoring devices is possible to make yield maps which dis-

play the variability of production in a field. The variable-rate technol-

ogy can be used for applying the fertilizer in varying amounts for dif-

ferent regions of a field according to the needs of its soils. Digital

agriculture and decision-making systems allow for combining the in-

formation about soil, crops, weather, and yield to help the farmer to

make fertilizer decisions. Management of nitrogen application is es-

pecially important for SSNM since nitrogen is a very mobile sub-

stance which can be lost through leaching, volatilization, denitrifica-

tion, and runoff. Split application of nitrogen according to the needs

of plant can increase the efficiency of nitrogen use. In the same man-

ner, phosphorus and potassium fertilizers can be applied considering

the results of soil testing and plant uptake. Also, organic fertilizers,

organic residues, biofertilizers and compost can be applied along with

mineral fertilizers. Major advantages of precision and site-specific nu-

trient management include increased efficiency of fertilizer use, better

growth of plants, increased or stabilized yields, decreased waste of

fertilizer, and increased economic performance. Such approach also

allows to decrease the nutrient losses to surface and ground water

bodies and reduce the threat of pollution.

Conclusion

Nutrient management is a critical aspect of sustainable wheat produc-

tion and is essential in ensuring productivity, quality of the grains pro-

duced and soil health despite climatic change. The crops require a

supply of balanced and timely nutrients including nitrogen, phospho-

rus, potassium, sulphur and micronutrients during growth and devel-

opment. Climate change, which entails increased temperature, precip-

itation and CO2 concentration, droughts and heat waves among oth-

ers, can impact nutrient availability, uptake, utilization efficiency and

grain formation. Thus, traditional methods of applying nutrients

might not be sufficient in ensuring sustainability of wheat productiv-

ity in future climatic conditions. Integrated nutrient management

(INM), which involves use of organic manures, crop residues, bio-fer-

tilizers and mineral fertilizers, is a suitable solution to efficient nutri-

ent utilization and maintenance of soil fertility. This involves a bal-

ance in nutrient supply taking into consideration crop demand and

soil test. This will ensure that there is no nutrient loss and there is

proper plant growth, yield components and quality of grains.

Management of nutrients, especially nitrogen, is very crucial since

high nitrogen supply increases cost of production, nutrient loss,

greenhouse gas emission and environmental pollution. Precision nu-

trient management, split nitrogen fertilization, site-specific nutrient

management, and better fertilizer placement technologies can facili-

tate synchronization between nutrient supply and nutrient demand of

the crops. Change in climate also highlights the necessity of improv-

ing soil organic matter and biological activities. Organic material like

farm yard manure, compost, residues of the crop and green manure

can improve physical properties of soil, water retention capacity of

the soil, biological activities, and nutrient availability. This will im-

prove the ability of the wheat crop to withstand drought stress and

temperature stress. Biofertilizer and beneficial microbes can play an

important role for increasing nutrient availability. The nutrient man-

agement should also be integrated with climate smart agricultural

practices like conservation agriculture, residue management, proper

irrigation methods, appropriate sowing times, stress tolerant varieties,

and water management practices. The combination of all these prac-

tices can increase the efficiency of resources used and reduce the vul-

nerability of wheat crop towards climatic stresses. All in all, nutrient

management that is sustainable and site specific is very essential in

ensuring stable yield and grain quality improvement for wheat under

the changed climatic conditions. In the future, scientific attention

should be paid to such aspects as climate-specific fertilization, preci-

sion farming, nutrient efficient wheat varieties, biological fertiliza-

tion, and decision support systems. Special attention should also be

devoted to decreasing greenhouse gases emission related to fertiliza-

tion while keeping farmers' profits at the same time. Thus, scientifi-

cally based, balanced and integrated approach to nutrient management

can be very effective in ensuring food security, soil sustainability and

environmental protection.
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