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ARTICLE DETAILS

ABSTRACT

Article History:

Wheat is one of the staple foods of the Nepalese diet which is grown in the winter season in most of the areas
of our country. This short review article analyses the previous works and studies to investigate the role of
various micro and macronutrients in wheat crops. Long-time research which was conducted in several
locations has shown that in addition to natural resource deterioration and biotic-abiotic stress, deficiency of
multiple nutrients is also an essential factor that influences yield reduction, productivity declination, and
shrinkage in net profit. Therefore, Integrated Nutrient Management in terms of using chemical fertilizers in
conjugation with organic manures as well as biological inputs is needed to improve the nutrient status of the
soil. INM increases the nutrient uptake rate of the plant and influences the nutrient supply in the soil system.
As soil is the primary source of nutrients, any degradation in the quality of soil can create a reduction in crop
yield. Hence the adoption of suitable measures is highly necessary for sustaining the environment and
enhancing productivity.
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1. INTRODUCTION
Wheat (Triticum aestivum L.) is a major agronomic crop belonging to the
family Poaceae which is well known for flour, pasta, pastry, semolina,
crumpets, flake, chapatti, cookies, etc. It is a chief staple food which
supplies approximately 35% of total food as consumed by the global
population (Mohammadi Joo et al., 2015). The total production of wheat
estimated in 2019-2020 was 765.41million metric tons (Shahbandeh et al.,
2020). In the year 2016/2017, the wheat production in Nepal was 187919
metric tons (Statistical information on Nepalese agriculture) Production
of wheat needs to be increased to meet the demand of the increasing
population. The industrial revolution followed by the green revolution
increased the use of synthetic fertilizers to increase the yield per unit area
of agricultural production (Chandini et al., 2019).
The world consumption of potassium(K), phosphorus(p), and nitrogen(N)
in 1988/1999 was 18, 14, and 81 Tg/yr, respectively (IFA,1999). Due to
the continuous population growth demand for plant nutrients is expected
to increase continuously (Keeney et al., 1990). Health problems and
unrecoverable environmental pollution are seen due to the intensive use
of inorganic fertilizer in agriculture (Chandini et al., 2019). The concept of
Integrated Nutrient Management should be followed to prevent severe
health hazards and to protect the environment. Integrated nutrient
management refers to the combination of all possible sources of nutrients
like organic sources inorganic sources and biological sources or
components in a judicious way for obtaining an ecologically sound

environment and economically optimal farming system (Jat et al., 2015).
Integrated use of organic and inorganic nutrient sources helps in gaining
sustainable yield and improved soil quality for enhanced production
(Kumara et al., 2013) (Brar et al.,2015). Continuous application of organic
manures year after year improves physical and chemical conditions by
providing a favorable soil structure, enhance soil cation exchange capacity,
increase the quantity and availability of plant nutrients, increase humus
content, and providing the substrate for microbial activities (Bohme and
Bohme, 2006). By using organic manure alone lower yield in wheat was
observed which shows organic manure alone cannot satisfy the nutrients
demands of wheat (Sheoran et al., 2017). Increased productivity of the
pearl-millet wheat cropping system was seen by the combined application
of FYM and recommended dose of fertilizers compared to the application
of a recommended dose of fertilizers alone (Narwal et al., 2005; Brar et al.,
2015).
The accessibility of the crop to the soil determines the fertilizer
requirement of wheat (Krentos and Orphanos, 1979). Nutrient use
efficiency and water use efficiency are found higher in INM (Jat et al.,
2015). Production of wheat grain and straw increased by 9 percent with
the treatment of INM with municipal solid waste manure in the cotton
wheat system (Akram et al., 2007). For sustainable crop production the
integrated use of chemical and organic fertilizer has been highly beneficial
(Yasin et al., 2015). The main objective of this study was to know about the
effect of Integrated Nutrient Management on yield and yield attributing
character, total organic carbon, and total organic matter content, nutrient
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uptake, soil productivity, growth parameter, and the role of INM in
reducing environmental impact and controlling the disease.

2. EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON
NUTRIENT UPTAKE
The uptake of nutrients is found to be increased by the application of PSB
and vermicompost with fertilizers than using the fertilizers alone or
vermicompost alone (Datt et al., 2003). The uptake of NPK was maximum
from 75 % RDF+ Vermicompost @ 1tn/ha + PSB. (Datt et al., 2003). Total
nutrient uptake was increased by the combined use of boron, sulfur, and
farmyard manure with 75 % NPK (N-150, P-60, K-60) (Reena et al., 2017;
Rathar and Sharma, 2010). Nutrients uptake is the product of the
concentration of nutrients and yield (Natan and Anurag., 2011). High
nutrient uptake is seen with organic manures, this might be due to the
solubilization of native nutrients and complex intermediate organic
molecules that are produced during organic matter decomposition, their
mobilization and accumulation in a different part of plant crops (Mitra et
al., 2010). Likewise, the decomposition of farmyard manure helps in the
solubilization of organic acids which helps to increase the release of native
phosphorous, microbial growth stimulation, and favor growth of root
system which leads to increase phosphorous uptake by the plant.
Application of FYM and PSB in conjugation with inorganic phosphorous
helps to make soil phosphorous more available to plant a crop. The
available phosphorous increases by adding phosphorous through manure
over of removal of the plant (Singh et al., 2008). The increased availability
of potassium is related to the release of potassium from potassium bearing
mineral from organic acids produced by organic manure decomposition
(Swarkar et al., 2013). The uptake of sulfur by wheat decreased with
different levels of nutrient application. However, the availability of sulfur
further decreased when the nutrient application rate was reduced to 50 %
when the seed was inoculated with azotobactor and or PSB, there was a
significant increase in an update of Sulphur (Sharma et al., 2013). The
nutrient use efficiency can be improved by the enriching the organic
resources with zinc (Meena et al., 2006).

3. EFFECT OF INM ON GROWTH PARAMETERS
The significant role of inorganic and organic sources was seen in growth
parameters (Joy et al., 2018). At 90 days after showing, the maximum
number of plant height (86.43cm) and many tillers per plant (7.33) was
observed when wheat was treated with nitrogen-120, phosphorous-60,
potassium-40, farmyard manure-10, and zinc 25 kg /ha (Sangam et
al.,2017). By the treatment of 100 % NPK and FYM, 10 ton/ha growth
parameter was significantly affected (Arvind et al., 2006; Singh et al.,
2008). Due to higher production of photosynthates and nutrient
availability, higher yield and biomass production is seen which is reflected
by higher effective tillers per plant and higher yield per plant (Kanchroo
and Razdan., 2006; Ahmad et a., 2007; Khan and Singh., 2011; Singh et al.,
2018; Kaur et al., 2018). At 30 days after sowing, plant height is maximum
by the application of 100% recommended dose of fertilizer and at harvest
stage by the application of 75% NPK, vermicompost @ 2.5ton/hec, and
azotobactor (Kaur et al, 2018). Using nitrogen can result in more
productive tillers and 1000 grain weight which increases the yield (Singh
et al., 2011). By the application of ten-ton FYM per hectare with crop
residues, the recommended dose of fertilizer and 80 % of mineral fertilizer
dose; grain yield, grain per year, and thousand-grain weight was
significantly high (Kler et al., 2007). For improvement in growth and yield
attribute of wheat, the combination of FYM and rice residue was better
than FYM alone (Davari et al., 2012). The organic manures in addition to
nutrients contain microbial load and growth-promoting substances which
helps in improving the metabolic activity and plant growth. Biofertilizers
are minute organisms that are beneficial to plant growth.

4. EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON YIELD
AND YIELD ATTRIBUTING CHARACTERS
Nitrogen is the principal raw material that is required for plant growth and
yield increment of the crop. The study revealed that the application of

organic matter with chemical fertilizers increases the yield of biomass and
grain yield of crops (Khan et al., 2007). The application of a proper amount
of nitrogen is considered a key element to obtain several bumper crops of
wheat. A study stated supply of high N favors the conversion of
carbohydrates into proteins, which in turn promotes the formation of
protoplasm (Brady and Weil., 2002). Since it is a necessary component of
all proteins, N is involved in all plant growth processes. The Yield of wheat
was increase maximum with NPK+ Azolla compost (27.015%) followed by
NPK+ cow dung (24.42%) (Bharati et al., 2017). While comparing different
treatments, the treatment where a recommended dose of fertilizer (RDF)
applied in combination with FYM, biofertilizers, and zinc produced the
maximum grain yield of 50.39 and 52.73 Quintal per hectare during 20072008and 2008_ 2009 respectively and 49.28 Quintal /hector yield was
obtained by the application of RDF +FYM+BF in the year 2007-08 and
51.22q/ha in the year 2008 _2009.
It is quite normal that increasing levels of applied N increased grain yield
of wheat (Jena et al., 1998). Increasing N levels increased grain yield by
increasing the magnitude of yield attributes. The increase in grain yield
was due to an increase in the yield attribute as the level of nitrogen was
increased. A study stated that the increase in yield attributing characters,
however, was the result of better nutrition or N uptake, leading to greater
dry matter production and its translocation to the sink (Dalal and Dixit.,
1987). Increased productivity of wheat can be achieved by adopting
improved agronomic practices and varieties (Sadat et al., 2008).
Increasing nitrogen rates had a significant effect on the grain yield with
maximum grain yield was obtained in the case of 150 kg N ha-1 (3.91 t ha1) while nitrogen application beyond the level of 100 kg N ha-1 did not
increase the grain yield ha-1 to a significant extent (Maqsood et al., 2000).
Ayoub also reported that grain yield increased significantly with the
application of nitrogen fertilizer (Ayoub, 1994). Yield attributing
parameters like dry matter accumulation, no effective tillers, grain per
spike, and the test weight increased with the integrated use of inorganic
fertilizer and organic fertilizer (Mary et al., 2018).

5. EFFECT OF INM ON SOIL PRODUCTIVITY
Integrated Nutrient Management involves the use of chemical fertilizers
combined with organic manure in conjugation with input through the
biological process (Jaga and Upadhya., 2013). Organic matter has
increased the supply of nutrients, increased water holding capacity of the
soil, providing a favorable soil environment to plant. Soil organic matter
imparts a desirable physical environment to the soil by improving soil
porosity, bulk density, soil water storage (Benbi and nieder., 2003). It is
also reported that an increase in nutrient uptake by the plant, improve in
organic carbon content in the soil, and also NPK status in soil (Khan et al.,
2007). Application of manure in a certain year not only favorably
influenced the current season but also the further season. Field
experiment shows that nitrogen availability was 40 percent for manure
and 15% for compost in the first year and was 18 percent for manure and
8 percent for compost in the second year after application and enhancing
the biomass and grain yield of crops (Sarwar et al., 2007).
The result obtained through the integrated application of chemical
fertilizers, farmyard manure, organic manure, and biofertilizers showed
the improved soil organic matter content, aggregate stability, moisture
retention capacity, increased infiltration rate of the soil while reducing
bulk density (Saha et al., 2010). Through the continuous application of
farmyard manure over the year, the organic matter in the soil is recorded
to be increased from 28.6 to 35.7% over control and continuous use of
organic fertilizers increases the effectiveness of chemical fertilizers in the
soil through favorable soil microbial activity and augmentation of organic
soil colloids that posses large nutrient retaining surface area (Manna et al.,
2005). We can mitigate the deficiency of many secondary and
micronutrients in the field that continuously received only chemical
fertilizers through the combined use of chemical and organic fertilizers
(Chand et al., 2006). Their addition to soil has created a soil environment
conducive for the formation of humic acid, stimulated the activity of soil
microorganism an increase in the organic carbon content of soil (Bajpai et
al., 2006).
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6. EFFECT OF INTEGRATED NUTRIENT MANAGEMENT ON TOTAL
ORGANIC CARBON AND TOTAL ORGANIC MATTER CONTENT

8. ROLE OF INTEGRATED
CONTROLLING DISEASE

Soil organic carbon (SOC) is believed to play a crucial role in many soil
functions and ecosystem services. Application of different organic
amendments over control NPK results in increased soil organic carbon
pool in the soil as there is an efficient supply of beneficial macro and
micronutrients to the soil which results in higher yield (Biswas and Beni
et al., 1997). Concentration of carbon content is found higher on NPK +CD
which is 39.36% followed by NPK + GM (38.37%), NPK +RHD (36.05%),
NPK +AC (14.14%) over NPK alone (Bharati et al., 2016). By offering fossil
fuel emission and improving water quality, organic carbon sequestration
(SOC) can mitigate global warming (Khan et al., 2007). For soil having < 90
% sand needs a minimum of approx. 0.9 % soil organic carbon and while
for sandy soil in the long term; organic carbon i.e. 1 to 1.5 % is
agroecological suitable (Araki et al., 1993). Higher organic matter in the
soil helps in sustaining soy productivity and helps in increasing soil
microbial activities that promote soil aggregation and nutrient buffering
capacity (Snapp et al., 1988). Organic matter content is higher in an
organic source of fertilizer like FYM, biofertilizer crop residues, etc. The
application of an organic source of fertilizer enhances soil health and
productivity as it contains a high amount of organic matter than an
inorganic source. So, the application of both organic and inorganic sources
of fertilizer is best to meet nutrient level to plant and to improve soil
health.

8.1

7. EFFECT OF INTEGRATED NUTRIENT MANAGEMENT IN
REDUCING ENVIRONMENTAL IMPACT
As the concept of sustainability as a goal has become widely accepted;
researchers advocate and develop INM approach based on more than 20
years of studies that can lead to significantly improved nutrient use
efficiency (NUE), Water use efficiency (WUE) and soil health condition
while increasing yield and reducing environmental risk (Zhang et al.,
2012). Nutrient management has been concerned for optimizing the
economic return but today keeping economic requirements of nutrient
management aside, we must consider the potential impact of these
nutrients on environmental quality. As sustainable agricultural
production is the theme of INM, it focuses to integrate all possible sources
of nutrients that sustain soil productivity and improve soil health (Jovaria
et al, 2010). By the application of manure in the rice-wheat cropping
system higher carbon sequestration with greater capacity of sequester
carbon was observed (Gosh et al., 2012; Kukal et al., 2009; Bharali et al.,
2017).
The increasing demand for cereal crops for a growing human population
leads to excessive use of inorganic fertilizer to obtain higher crop yield
(Wu and M.A., 2015). Till the date, most of the farmer is unknown about
the organic source of fertilizer and INM approach strategy. The Integrated
Nutrient Management approach leads to high crop productivity and less
environmental impact. Integrated Nutrient Management improves plant
performance, resource use efficiency, increases water use efficiency and
enables environmental protection (Wu and M.A., 2015). Associative use of
inorganic fertilizer (NPK) along with organic source increases crop yield
by (8 to 150%) and increase the economic return to farmers (Wu and M.A,
2015). As soil is the primary source of nutrients, any degradation in the
quality of soil can create a reduction in crop yield as well as undesirable
environmental changes (Yadav et al., 2018). Integrated Nutrient
Management improves soil health as high carbon sequestration
availability of organic sources reduces greenhouse gas emission. As
sustainable agricultural production is the theme of INM, it focuses to
integrate all possible source of nutrients that sustains soil productivity
and improve soil health (Jovaria and Khan., 2010). The use of organic
sources can minimize the application of inorganic source which in turn
improves soil health conditions. So, applications of organic sources reduce
the impact of using an inorganic source of fertilizes on soil and the
environment by reducing the emission of GHG and makes the environment
sound and clean.

NUTRIENT

MANAGEMENT

IN

Nutrient supply

The essential part of integrated crop management is better soil fertility
and good crop husbandry (Subedi et al., 2009). The influence of mineral
nutrients on disease is based on three facts:
a) Effect of fertilizers on the incidence or severity of the disease.
b) The effect of mineral concentration in diseased or susceptible
tissues compared with healthy or resistant tissues
c) Conditions that affect the availability of a specific nutrient with
disease
Table 1: The application of essential nutrients influence disease
resistance
Nutrient
Nitrogen

Potassium

Plant
disease
Stripe
rust

Casual
organism
Puccinia
striiformis
f. sp. tritici

Leaf
blight

Pyrenopho
ra triticirepentis

Leaf
rust
Phosphorous Root
disease

Puccinia
triticina
Rhizoctonia

Boron

Powdery
mildew

Blumeria
graminis

Zinc

Root rot

Fusarium
solani

Copper

Ergot

Claviceps sp.

Chlorine

Stripe
rust

Puccinia
striiformis f.
sp. tritici

Leaf rust

Puccinia
recondite

Presence
of nutrient
The
Severity of
infection
decreases
with
nutrient
supply
Resistance
increases
with
potassium

Reference

Resistance
increases
with
phosphorous
Decrease
with
applied
boron
Application
of zinc
increases
tolerance
Reduction
with
copper
application
Control in
presence of
chlorine

Kirkegaard et al.,
1999

Suppression
with
chlorine
fertilizer
application

Elmer et al., 2007

Devdas et a.,
2014

Sharma et al.,
2005
Sweeney et al.,
2000

Marschner et al.,
1995

Khoshgoftarmane
sh et al., 2010

Evans et al.,
(2007)

Graham and
Webb., 1991

8.2 Soil organic matter/amendments
Soil-borne pathogens and their ability to infect the crop can be affected by
the application of organic matters like green manures, crop residues, etc
(Gupta et al., 2017). The application of sphagnum peat is found to inhibit
the disease produced by Pythium species (Hu et al., 1997). The waste
substance from crop residues and animal substances to various solid
wastes and urban composts come under organic amendments (Gupta et
al., 2017). Due to the presence of easily assimilable carbon substrates, the
organic wastes/residues provide soil microorganism with high energy and
these can contain microbes that show the antagonistic property to the soil
pathogens (Janvier et al., 2007).
Further recent studies show that the suppression of soil-borne disease can
be better influenced by anaerobic soil disinfestation (ASD) about organic
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amendments. ASD encompasses with the application of organic residues
or other liable sources of carbon combined with irrigation, it is then
followed by mulching the soil surface with polythene mulch, which helps
to create microbial mediated anaerobic soil environment and the soilborne pathogen can be suppressed (Momma et al., 2013).

9. CONTROL OF
MANAGEMENT

DISEASE

IN

SUSTAINABLE

NUTRIENT

Any management practices which influence soil environment like ph
modification through liming or gypsum application moisture control
through manure etc can affect the development of disease (Gupta et al.,
2017). Plant disease under field condition can be affected by fertilizer
application directly by improving the nutritional status of crop and
indirectly affecting the conditions which produce disease development
like dense stands, change in light interceptions humidity within the crop
plant (Dordas et al., 2008). Liming of soil to near neutral ph can increase
the susceptibility of wheat to root infection (Halvin et al., 2009). The root
rot disease can be controlled effectively by the nutrition of the host plant
(Graham and Webb, 1991; Thompson and Huber., 2007). The spring wheat
without nitrogen fertilization was more susceptible to disease which
further increased by the application of ammonium in the autumn (Huber
et al., 1989). In contrast, the same quantity of ammonium nitrogen when
sprayed in spring increased resistance of infections, and high yield was
obtained (Manjhi et al., 2014). The application of ammonium fertilizer
timely is, therefore a practical approach to suppress disease incidence
(Christensen et al., 1987). The demand for chemical disease control in
some case can be reduced by fertilizer application but in some case, it
might increase the demand (Huber et al., 2012).
Table 2: Take-all (Gaeumannomyces graminis) root infection and
grain yield of winter wheat at different times and rates of ammonium
N fertilizer application
Time of
Rate of
Take all
Grain yield (Kg
application
application (kg infection (%)
per hectare)
N per hectare)
0
0
1.9
2610
Autumn

83

2.8

1740

Spring

83

2.8

5290

1.9

2350

Autumn +
83+28
Spring
Adopted from (Hober et al., 1989)

10. CONCLUSION
In conclusion, the review paper emphasizes the management strategies of
organic and inorganic nutrients, sources role, and the significances of
Integrated Nutrient Management in wheat. With the increasing global food
insecurity, the haphazard use of chemical fertilizer is leading to soil
deterioration, soil acidification, and environmental pollution. The INM is
the alternative approach for sustainable, eco-friendly, and cost-effective
management for improving soil fertility, soil productivity, quality, and
reducing the impact of inorganic fertilizers on the environment. Combined
application of inorganic and organic sources resulted in good growth
parameters of wheat, yield attributes, significantly higher yield, and
controlling disease in wheat. The Integrated Nutrient Management system
also significantly increases the availability of nutrient status in the soil as
well as microbial activity in the soil. Continuous cropping with combined
application of organic manure along with chemical fertilizer was found to
be effective not only for increasing the grain yield of crops but also for
higher nutrient uptake, and maintenance of soil fertility status. Based on
the foregoing discussion, it is concluded that the integrated use of
fertilizers and organic sources enhances the productivity of wheat while
maintaining soil health through enhanced carbon and other available
nutrients in the soil. Finally, the findings suggested that Integrated
Nutrient Management may be one of the viable nutrient management
options in Nepal for wheat.
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