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Integrated	Nutrient	Management	in	Wheat	(Triticum	aestivum	L.)

Introduction
Wheat (Triticum	aestivum	L.), a member of the Poaceae Family, is 
one of the principal cereal crops grown worldwide. Wheat is 
considered to be the second-most staple food of the world 
following rice that has an association with some of the earliest 
and important civilizations of the world [1]. Originating in the 
Middle East or Eastern Mediterranean region of Eurasia, wheat 
is widely recognized as the primary grain for agriculture which 
grows best in places where the topsoil is exposed and heavily 
disturbed [2]. It is an annual grass growing up to a half-inch-tall 
and has 2-3 leafy green culms that can be single or tufted. The 
culms are upright, light green, terete, glabrous, and occasionally 
glaucous. Every culm terminates in an upright �lower spike that 
is around 2-4 inches in length. These �lower spikes have 
profound markings and are greyish or bluish-green in color. 
Meanwhile, the central stalk of each �loral spike, known as the 
rachis, is nearly erect and bears many overlapping spikelets 
crowded against it [2].
Providing 40% of energy calories and 20% of protein to the 
world's population, wheat is the most signi�icant grain crop [3]. 
Because it includes substantial amounts of other essential 
nutrients including proteins and dietary �iber, along with lower 
levels of lipids,  terpenoids, vitamins, minerals,  and 
phytochemicals, wheat is a great source of nutrition [4]. Usually, 
dried wheat is ground into �lour, which is then used to make a 
wide variety of �lour-based food items, including cereal, bread, 
pasta, and a number of others. As per the US Department of 
Agriculture Survey 2024, the wheat yield in the US was recorded 
to be 48.6 bushels per acre in the year 2023 [5]. Inorganic 
fertilizers are being applied to the agricultural �ields so as to 
maximize production to meet the increasing food demand of 
growing world population. However, this practice has adverse 
effect not only on environmental quality, but also causes 
pollution in surface and sub-surface water levels due to the 
leaching of nutrients [6].
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Because of the imbalance application of fertilizers like NPK and 
some essential micro-nutrients, many agricultural crop yields 
have been reported to be affected adversely and wheat is one of 
them. Apart from in�luencing crop yields and quality, improper 
use of fertilizers contributes largely for reducing agricultural 
sustainability and causing environmental pollution. Providing 
soil with excessive synthetic chemical fertilizers causes loss of 
soil fertility eventually leading to reduced agricultural 
productivity. Chemicals are responsible for destroying physical 
properties of the soil making it unsuitable for growing healthy 
crops. Poor Nutrient Use Ef�iciency (NUE) of the applied 
fertilizers is also the result of haphazard fertilizer application. 
NUE is the indication of how effectively the crop transforms 
available nutrients into grain yield which also depends on the 
factors like different agronomic practices, the ratio between 
nutrient uptake and nutrient applied [7].
The organic manures have been used in farming since the 
beginning of human civilization. Those, in combination with 
each other and synthetic fertilizers have a great bene�icial effect 
on plant growth and development [8]. The increasing adverse 
impacts of chemicals on soil coupled with their escalating price 
cannot be overlooked. Continuous application of chemical 
fertilizers is likely to impact the soil health even if used in 
balanced proportion [9]. This demands the incorporation of 
organic manure as a renewable source of nutrient. Non-
chemical fertilizers like Farm Yard Manure (FYM), poultry 
manure, sheep manure and cow manure can be used as 
fertilizers to substitute the greater portion of chemical 
fertilizers in today's farming system. An adequate balance of 
organic and inorganic fertilizers is important not only for plant 
wellness and yield, but also for sustaining soil health through 
improved soil physical properties, nutrient availability, and soil 
organic carbon content [10]. Hence, an integrated approach of 
nutrient management in wheat is required to produce healthy 
wheat crops along with maintaining agricultural sustainability.
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The concept of Integrated Nutrient Management (INM) focuses 
on incorporating manures along with the chemical fertilizers 
creating a balance of required crop nutrients which is important 
for better crop productivity and quality [11]. The possible 
antagonistic effects due to some hidden nutrient de�iciency and 
imbalance can be minimized by providing the crop with 
balanced nutrition through INM approach. In this way, the 
amount of chemicals going into the soil reduces signi�icantly 
improving the soil health in long term. 

Nutritional	Requirements	of	Wheat
Wheat crop requires around 17 different essential nutrients. 
They are available to plants in two forms: non-mineral and 
mineral nutrients. The non-mineral nutrients are Carbon (C), 
Hydrogen (H) and Oxygen (O) which are largely ful�illed by 
means of atmospheric air and water. Besides these, 14 other 
mineral nutrients need to be extracted from the soil by plant 
roots which are classi�ied as macro and micro-nutrients on the 
basis of their quantity needed for sound growth of the crop. 
They have to be provided either by soil or in the form of manures 
so that the plant can use them for its proper growth and 
development. Macro-nutrients include Nitrogen (N), 
Phosphorous (P), Potassium (K), Sulphur (S), Calcium (Ca), and 
Magnesium (Mg). NPK are the primary macro-nutrients that are 
required in relatively large quantity. 

Nitrogen	 (N):	Wheat is more sensitive to Nitrogen than any 
other essential elements that are absorbed from the soil. N 
uptake starts in wheat as the roots begin to operate and 
continue until the plant is fully mature and no longer requires 
nutrients. Research shows that Nitrogen fertilization increases 
the �lour protein content in wheat [12]. The early growth stage 
has been recorded with the highest amount of N, taking into 
account the future need of plant, that will be translocated to 
different parts of the plant when required and stored in kernels, 
leaves, and stem. In general, 70% of the N is stored in kernels and 
the remaining 30% is stored in culms [13]. 

Phosphorous	(P): Phosphorous is a crucial element to carryout 
metabolic functions in plants. It also stimulates root 
development in the young plants and promotes early fruiting. 
Phosphorous is a component of Adenosine Triphosphate (ATP) 
which is often required as a source of energy in the synthesis of 
new molecules as well as uptake and transport of nutrients 
within the plant [14]. P is mostly stored in seeds to ensure 
proper germination and early growth before heavy root growth 
occurs.

Potassium	 (K):	 Potassium not only promotes the optimum 
growth and development in wheat crop; but also ensures better 
quality of the crop due to increased water use ef�iciency, 
improved photosynthetic ef�iciency and increased disease 
resistance. It is found abundantly in soil minerals and adsorbed 

+to the soil particles and organic matter as K  ion. These ions are 
taken up by the plant roots, often through the process of 
osmosis. Unlike N and P, K can be combined into organic 
compounds in the plant tissues, however, remains in ionic form

	Table	1:	Common	Fertilizers	Applied	to	Soil	in	South	Dakota

	(Source:	Clay	and	Carlson,	2011)

Different forms of fertilizers have different requirements in 
terms of method of application and dose calculation. While 
selecting a speci�ic fertilizer, certain factors need to be taken into 
consideration such as type of fertilizer, market price, 
concentration of nutrient, potential ways of nutrient loss and 
special handling requirements if applicable [15]. The ideal 
recommended dose of nutrients for wheat crops is shown in 
Table 2.
Table	2:	Recommended	Dose	of	Nutrients	for	Wheat

(Source:	Rasul	et	al.,	2015)

The organic fertilizers used in wheat �ields include cow manure, 
poultry manure, and sheep manure. The organic manures 
applied in crop �ields act as chelating agents (chemical 
compounds that react with metal ions to form a stable, water-
soluble complex) which hold the mineral nutrients removed 
from the soil. Moreover, the acid produced from the 
decomposition of organic matter increases the availability of 
mineral nutrients in the soil that can be used by plants [16].

within the cells. After wheat is harvested and the straw is 
incorporated into the soil, a good amount (75%) of K is released 
back into the soil which can later be used by the crops [13].
The secondary macro-nutrients include Sulphur (S), Calcium 
(Ca) and Magnesium (Mg) which are required in less amount, 
but equally important to the growth of the plant. Sulphur is 
usually found in soil organic matter and clay minerals. It is a 
basic component of protein and helps the plant to form 
chlorophyll. Ca and Mg are present in soil and plant roots 

++ ++conveniently capture them as cations (Ca  and Mg ). Ca is the 
structural component of cell walls and plant tissues, while Mg 
has a signi�icant role in the formation of chlorophyll molecules.
Micro-nutrients are also as important as the macro-nutrients 
for the optimum growth of crops. They include Manganese (Mn), 
Boron (B), Zinc (Zn), Iron (Fe), Nickle (Ni), Chloride (Cl), 
Molybdenum (Mo) and Copper (Cu). The only difference is that 
they are needed in comparatively low quantities. If a single 
nutrient is de�icient or if any of the nutrients is not properly 
balanced with another, there is always some adverse effect or 
delay in the wheat crop's growth and development [13]. 
Therefore, proper nutritional balance should be of great 
concern to the wheat growers.
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Factors	 Affecting	 Wheat's	 Response	 to	 Applied	 Mineral	
Fertilizers
Mineral fertilizers have been a crucial component of farming 
since the green revolution. Yield in many crops has been 
evidenced to be escalated after the trend of applying NPK 
fertilizers [14]. The absorption of applied fertilizers has a great 
dependency on the availability of nutrients in the soil and their 
possible losses. Apart from this, there are some other factors 
that in�luence the crop's response to applied fertilizers.

1.	Wheat	Varieties
The high-yielding wheat varieties are usually more ef�icient in 
using applied mineral nutrients as compared to those having 
lower yield potential [13]. Wheat cultivars are categorized as 
nutrient-ef�icient and non-ef�icient on the basis of the wheat 
crop yield. The varieties that can better respond to the applied 
fertilizers have various advantages such as reduced rate of 
fertilizers, robust seedlings and better resistance to plant stress 
conditions. Therefore, considering the crop productivity and 
quality of the grains, nutrient-ef�icient varieties should be 
grown.

2.	Time	of	Planting
Time of planting affects the crop yield. Early planting increases 
the incidence of disease and insect pests while delayed planting 
may result in less chances of crop survival and reduces crop 
productivity. Around a 34% decrease in wheat grain yield is 
evidenced when the wheat is sown 1 month later than the usual 
sowing date [17]. Thus, because of the lower yield potential, 
late-sown wheat crops do not exhibit good response to the 
applied fertilizers which can be a result of moisture/heat stress 
to the crop.

3.	Available	Soil	Nutrients
While planting a crop, soil test is important to know the plant-
available nutrients present in soil. If the soil has lower levels of 
available nutrients, there will be need of more mineral 
fertilizers and vice-versa [13]. In most cases, wheat growers 
have been focusing more on primary nutrients like Nitrogen 
which leads to the excessive application of N and losses through 
leaching causing environmental pollution and animal as well as 
human health hazards.

4.	Soil	Moisture	Content	and	Irrigation
Water is essential for physiological development and metabolic 
functions in the wheat crop. The movement of nutrients applied 
to the soil depends on the frequency and amount of irrigation. 
The amount of irrigation and availability of Nitrogen are 
interdependent to each other. Soil moisture content in�luences 
the uptake of Nitrogen by wheat plant through mass �low and 
diffusion which is also accompanied indirectly by root 
interception. A study suggests that early irrigation when 
coupled with adequate Nitrogen application exhibits maximum 
rooting in wheat crops [18].

Table	3:	Nutrient	content	in	some	organic	manures

	(Source:	Rasul	et	al.,	2015)

5.	Soil	Texture
The texture of the soil, although does not directly in�luence the 
release of mineral fertilizers, has more or less impact in soil 
moisture holding capacity and soil temperature. Clay soil has 
good nutrient holding capacity, while sandy soil possesses a risk 
of nutrient leaching. Similarly, loamy soils have better nutrient 
holding capacity as compared to other types of soil [19]. 

6.	Temperature
Higher soil temperature increases the rate of nutrient release in 
soil. Soil temperature often depends on the type of soil, 
condition of soil (such as bare or mulched) which eventually has 
an impact in the release of mineral fertilizers in the soil. 
Variation in daytime temperature could also be a factor 
in�luencing the rate of soil mineral release [20].

7.	Diseases
Crop health highly in�luences the uptake of nutrients and 
nutrient uptake also depends on the health of the crop. It is likely 
that diseased plants show less response to the applied fertilizers 
as compared to the healthier ones. Wheat crops are prone to 
root diseases when roots absorb excess of N in the form of NO , 3

meanwhile it is better for the roots take up N in the form of NH  4

[13].

8.	Weeds
Various weeds compete with wheat plants for nutrients, light 
and moisture. The application of fertilizers, speci�ically N, 
encourages the growth of weeds along with the wheat crop in 
the �ield. Therefore, weeds need to be controlled to eliminate 
them from competing with the wheat plants. There are various 
techniques and timing of fertilizers placement with the seed 
while planting that successfully suppress the weeds. Applying 
different quantities of fertilizers can adversely affect weed 
density and dry weight [21].

Need	for	Integrated	Nutrient	Management	(INM)	in	Wheat	
Production
As the unsustainability in production is proven to be a great 
threat in modern agriculture system, the integrated nutrient 
management (INM) technique would best address this issue. 
Sustainability in production is possible by incorporating non-
chemical fertilizers in crop �ields where the application of only 
the synthetic fertilizers has been practiced for years. Combining 
organic manures with inorganic fertilizers has been reported to 
increase the ef�iciency of all fertilizers applied to wheat crop 
along with adding the organic matter content in soil which 
would improve the water holding capacity of the soil [22]. The 
continuous availability of organic manures in the �ields also 
eradicate the de�iciency of several secondary macro-nutrients 
and micro-nutrients [23]. It is evident from previous researches 
that the application of organic manures in conjunction with 
chemical fertilizers shows great in�luence in reducing nutrient 
losses to the environment by converting inorganic nitrogen into 
organic forms and thus contributes for minimizing the 
environmental issues that could have been observed [24]. 
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The INM technique also aids in improving the quality of 
produced wheat kernels. 
The sole use of chemical fertilizers improves the crop yield in 
short term but leaves behind hazardous effects by impairing soil 
characteristics and degrading environmental quality in long 
term which would take decades to be eradicated. Therefore, the 
balanced use of chemical fertilizers and organic manures is 
bene�icial in order to maintain crop yield, soil fertility and 
environmental quality in the long-term.

Conclusion
Though NPK are the primary macro-nutrients needed for the 
proper growth and development of wheat, the importance of 
other macro and micro-nutrients can't be overlooked. The 
nutritional requirements of wheat crop should be ful�illed 
together by the use of organic and inorganic fertilizers to get the 
optimum yield. The uptake of applied mineral fertilizers is 
dependent on several factors including edaphic, environmental 
and cultural management factors. The adverse effect in soil 
health due to the sole application of chemical fertilizers can be 
minimized by the organic matter present in manures like cow 
manure, poultry manure, and sheep manure. In addition, 
organic manures are also active in holding nutrients in soil and 
increasing their availability to the crop which otherwise would 
be wasted. Hence, as emphasized by the INM technique, organic 
manures should be incorporated with chemical fertilizers while 
cultivating wheat crop to obtain sustainable wheat yield and 
improve soil fertility in long-term.
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