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Abstract: Alleviation of poverty and achieving food security are a significant challenge facing planner worldwide. A way of
improving agronomic practices, mainly which has drastic effect on crop growth and yield potential is necessary and acceptable.
In this domain, fertilization management has high priority, due to the expensive fertilizers, recently became the costlier input in
agriculture. So, rationalization the use of chemical fertilizers is considerable. Replacement a part of chemical fertilizers by
organic manure through a simple technique of using minimum effective dose of sufficient and balanced quantities of organic and
inorganic fertilizers in combination with specific microorganisms, called INM are a bright solution. Not only for improving and
building up of soil fertility but also for increasing the efficiency of chemical fertilizers and make fertilizers more available and
most effective for maintaining higher yield without exposing soil native nutrients, ensuring environment and underground water
with minimum risks and guaranteeing high profitability. Accordingly, integrated use of chemical fertilizer with organic manure
became the quite promising practice not only for maintaining higher productivity but also for greater stability to crop production.
Also, (INM) acts as a source of energy for the growth of soil microbes, improvement physical properties of soil, organic carbon
and available nitrogen. Additionally, due to their slow realize have great residual effect on subsequent crops. The potential role of
INM has been well documented by several investigators, despite some researchers have that, the effects of organic manures are
not always have positive contribution and some fields have poor response to organic manures. Such conflicting effect may be due
to the presence of high levels of phytotoxins and high C/N ratio, particularly in immature manures. So, the key component of
INM goal is reaching to most effective and homogeneous combination could get a good fertilization program and effective target
of the fertilizers, sufficient, balanced use of their quantity and quality, and straightforwardly uptake by plants for higher yield
without jeopardizing soil native nutrients or polluting the environment. Conclusion, INM is a tool, that can offer good options
and economic choices to supply plants with sufficient amount of most macro and micronutrients, and also can reduce the dose of
chemical fertilizer, create favorable soil physiochemical conditions, healthy environment, eliminate the constraints, safety soil
nutrient balance in long run, to an optimum level for sustaining the desired crop productivity and finding safe methods to get rid
of agriculture wastes.
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the following question? Can agriculture provide the world
population with all food needs which are expected to exceed
7.5 billion by the year 2020), [2]. With the view of a growth in
land scarcity and an increase in water shortage, most of
agriculture plans depend on the use of chemical fertilizers and
the production of new high yielding crop varieties. Yet, both
components are much expensive and will lead to higher
pressure and more responsibilities for the financial
investments and consequently will lead to increase in the total
costs. Meanwhile the price of fertilizer increases, year by year,

1. Introduction and Literature Summary

Vision world without hunger and poverty intensified by
rising standards of living of rural regions, where the majority
of poor people live and their full dependence on agriculture for
living to fulfill their food demands [1]. The key to eliminate
current suffering must lie in the creation of strategic plan that
enhances prosperous farming and enable farmers themselves
to achieve agricultural growth and reduce poverty.

Thus, the main challenge of the coming few years, lies in
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due to the higher amount of fertilizers needed in the second
and third seasons as compared to the first season to maintain
current yield production at the economical level. Despite the
increase in the quantity of fertilizers application, a part of
applied fertilizers and soil native nutrients were already
consumed by the current and previous crop, especially in the
case of intensive agriculture, where two to three crops are
annually cultivated. Moreover, application of inorganic
fertilizers is not a pragmatic option for many poor farmers in
different regions worldwide, because many poor farmers don't
have enough money to pay the claim of fertilizers price,
besides its scarcity and unavailability in times of need.

Since ancient time, farmers have known that soil health can
be restored by applying organic manure; accordingly, they
used to apply farmyard manure regularly and directly after
crop harvest. Consequently, the custom of using organic
manures after harvesting, has been coupled with restoring soil
health and improving soil physical, chemical, and biological
properties, particularly in marginal soils, which are already
suffering from low organic matter and low native nutrients
content; low productivity; limitations and unavailability of
essential nutrients [3-7].

Additionally, organic farming system provides organic food,
which is preferred by many customers regardless of higher
prices. In this context, organic fertilizers, also due to their
slow release have greater residual effect on subsequent crops
than inorganic nutrient, which is quickly lost by water
leaching and runoff to underground water. Therefore, recently
escalated calls emerge inviting farmers and agriculture
specialists to change their awareness towards substituting part
of inorganic fertilizers by cheaper, more sustainable, higher
nutrient use of efficient and ecofriendly nutrients, which are
originated from natural resources (Compost), under the bold
title of INM practices.

Under the heading of INM practices, many sub heads can be
introduced, including the use of farmyard manures, natural
and mineral fertilizers, soil amendments, crop residues and
farm wastes recycling, agroforestry, green manures and
compost [6-10].

In contrast, some researchers have concluded that, the
effects of organic manures do not always have positive
contribution, and some organic materials may indeed be
inhibitory to plant growth, perhaps due to the presence of high
levels of phyt-otoxins and high C/N ratio, particularly in
organic materials which are immature [11, 12].

Thus, the recycling of organic wastes, by the farmers
themselves, may be valuable and acceptable option for many
of agriculture planners and numerous farmers to overcome the
traditional methods of organic waste disposal, with or without
slight risk to the plants, groundwater or ecological pollution
and human health to achieve the best use of existing natural
resources [7, 13, 14].

The key component of INM goal is reach the most effective
and homogeneous combination that, could lead to good
management and effective target of the fertilizers, sufficient,
balanced wuse of their quantity and quality, and
straightforwardly uptake by plants for higher yield without

jeopardizing soil native nutrients or polluting the environment.
It is ultimately viable to achieve such target through the wise
application of Integrated Nutrient Management (INM)
approach, which is known as a balanced mixture of organic,
Inorganic, as well as bioorganic microorganisms in
combinations in a different practice (Janssen, 1993). Also, it
can improve all characteristics of molecule absorption of
macronutrients NPK and micronutrient inputs. In addition,
matching the crop nutrients requirements and alleviating
constrains of nutrient deficiency without any harmful effects
in the environment and products. Contrary, in the case of
mismanagement, it always leads to soil degradation, nutrient
deficiency and quick soil runoff [7].

Integrated Nutrient Management is also described as the
technique of using minimum effective dose of sufficient and
balanced quantities of organic and inorganic fertilizers in
combination with specific microorganisms to make nutrients
more available and most effective for maintaining high yields
without exposing soil native nutrients and polluting the
environment. Furthermore, many benefits can also be gained
from using integrated nutrient management, INM is also, one
of the driving forces, able to support the plans of converting
marginal lands into productive ones, and therefore fulfill the
strategy agenda of increasing cultivated land.

Although, many researchers and specialists might find
themselves surprised by the results of INM practices, farmers
are still in need of great efforts and also additional assistance
from many different disciplines viz., scientific researchers,
extension specialists, government sectors, and NGOs to make
them well known and able to recognize whole aspects of such
practice, for example training program aims at increasing
basic knowledge of plant requirements for optimum level of
yield production. In the same respect, farmers are also in need
to know which form of plant nutrients can be combined with
each other to achieve the maximum nutrient use efficiently
and how these supplies can be integrated to obtain highest
productivity levels within acceptable economic returns and
satisfactory environmental impacts. Also, the integration
between different disciplines is also necessary Wu et al.,
(2014); in various spheres, such as plant breeding, agronomy,
soil science, plant nutrition, plant protection, and agricultural
engineering.

In addition, intensification of the efforts of extension
specialists who are able to transfer research results into
practical recommendations, beside government sectors, and
NGOs, who are the main reasons for supporting the future
success of these technologies and creating responsible entity
will be able to market organic products in extensive level.

In conclusion, integrated nutrient management is a tool
which can offer good options and economic choices to supply
plants with sufficient amount of most macro and
micronutrients, and also can reduce the dose of chemical
fertilizer, create favorable soil physiochemical conditions,
healthy environment, eliminate the constraints, safety soil
nutrient balance in the long run, to an optimum level for
sustaining the desired crop productivity and finding safe
methods to get rid of agriculture wastes [15-18].
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Global food production needs to be increased at least by 70%
over the current level by 2050 to meet the increase in food
demands, which rapidly increases as a result of overpopulation
[19]. To achieve this challenging target, agriculture must grow
significantly, in consideration of the factors that contribute to
increase yield production, which are already reduced or tended
to reduce, since they are under placing unprecedented pressure
on the natural resources.

Achieving food security is a significant challenge facing
agriculture development worldwide in addition to the option
of solving highly critical problems to ensure alleviation of
poverty. Realizing food security and agriculture sustainability
are urgently required, therefore improving many agronomic
approaches, which have drastic effect on crop growth and
yield e.g., soil nutrient content, crop nutrient requirements and
soil nutrient balance are necessary [20]. Among various
practices followed by many farmers, some are in need of some
improvement, particularly having bad habits regarding the use
of a large amount of fertilizer, under the inherited knowledge
that without applying a large amount of fertilizers they don't
maintain high yields. Such irresponsible practices, which are
accepted by many farmers result in the loss of most fertilizers
applied and cause some environmental problems and raise the
overall costs. Moreover, continuous use of synthetic fertilizers
generates serious problems of soil nutrient deficiency, food
contamination and damages soil physio-chemical properties
through the increase of soil acidity, which lead to hasty
deterioration soil health, productivity and both stability and
sustainability [21-26].

In spite of the fact that the application of chemical fertilizers
has more advantages than disadvantages, it does not always
mean that an increase in crop production must be obtained
after their application; because a part of the added fertilizers
may not be utilized by crop, as it may temporally remain in the
soil or may be lost through volatilization or by leaching to
underground water, then result in serious problems and
dangers and become a source of environmental pollution
[27-29]. Considering the above mentioned reasons, and in
addition to high costs and declining profitability, scarcity,
leaching down to the root zone; groundwater contamination
becomes the cause of disease.

Recently, farmers and agricultural specialists, recognize
that further application of inorganic fertilizers does not mean
that an increase must be induced, then realize the importance
of soil fertility through the application of organic fertilizers,
that are available, inexpensive, and can be used solely or in
combination with other available organic or inorganic
resources to enhance soil fertility and bring about higher crop
production, without having any undesirable impacts on the
environment [23, 24, 30-32].

Concerning the basic materials which can be used in INM
system, several investigators discovered that, various
materials can be used as a constituent of INM combinations
viz., farmyard manures, natural and mineral fertilizers, soil
amendments, crop residues and farm wastes recycling, agro
forestry, green manures and compost [17]. Such materials are
generally seen as a key practice in ecofriendly system to

ensure the sustainable production and safety food production
[33-41].

Although, recycling of organic wastes into compost is a
complex field practice that needs more labors, and may lead to
raise the labor and total costs. Yet, in comparison with the
many gains that can be attained in the long run such as
improving the soil health, ensuring safety of the food produce,
to guarantee that the environment will become satisfactory
and acceptable technique for many farmers and customers [6].
Thus, thorough application of organic fertilizer leads to restore
the soil health and maintain the productivity for long period,
regretfully at field scales, the sole application of organic
fertilizers to sustain the crop yield at economic level cannot be
reliable. Therefore, it must be applied in combination with
other fertilizers, which are derived from inorganic sources to
meet the crop nutrient requirements.

Currently, the goal of interests of most researchers needs to
be modified; the main issue of the most critical researches
must be included in managing nutrient programs to provide a
safe food supply free from pollutants or at least contains the
minimum level of agrochemical contaminants. Furthermore,
guaranteeing environment without pollution or at least, a
lower level which is one of the huge challenges of the 21st
century [6, 7, 16, 17]. Therefore, the great challenge has been
converted to optimizing nutrient supplies to maintain high
nutrient use efficiency, refining natural resources, modifying
agriculture practices to achieve more grain yield per unit area;
without jeopardizing the soil, natural resources and improving
water use efficiency to produce more crops per drop. All of
these are the most important goals, which can be achieved by
the implementation of INM program not only at the present
time, but also in the near future.

Integrated Nutrient Management (INM) is a scheme that
refers to a safest way to dispose of crop residues and produce
high quality compost; a balanced and integrated use of both
sources of fertilizer together in combinations (organic and
inorganic fertilizers) for maintaining soil fertility and
providing plants with an optimum level of nutrient
requirement over all of cycle life to sustain yield productivity.
The key component of INM system includes:

1) Considerable attention must be focused on all possible
nutrient sources that can be used as a tool of nutrient
sources in planning nutrient input programs for optimizing
nutrient use efficiency and high yield production.

2) The forms and quantities of soil nutrient contents in root
zone, which is known as soil balance and its availability
to cover crop requirements (spatially and temporally).

3) Minimizing nutrient losses, especially in intensive
agriculture system [42, 43].

4) Taking all factors affecting the plant /nutrients relationship
into consideration to achieve high yield production, which
is the main objectives and the major gain of the
application of integrated nutrient management (INM),
water use efficiency, grain superiority, high economic
return, and sustainability [43].

Additional benefits also can be gained, i.e., produce healthy

food free from contaminants and chemical residues, which is
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currently accepted and preferred by many customers due to
the fact that they are safer and healthier compared to products
which are conventionally produced under sole application of
synthetic fertilizers, regardless of their high price.
Furthermore, adopting such practice also had a contribution
and remarkable residual effect on yield and yield components
character of the succeeding crop [44-47].

In addition, the studies of [48-52], also came nearly to the
same deduction which was mentioned previously and
originated in the conclusion that integrated nutrient
management of organic and inorganic sources, alongside with
biofertilizers is the best way to get maximum benefits from the
fertilizers application, particularly in the areas where nutrients
are low or limited or in unavailable form, otherwise some
troubles will be regarding nutrient uptakes to sustain higher
yield and maintain soil health. Furthermore, a part of applied
organic manure is being left with a high amount of crop
residue after harvesting to the succeeding crop; and these
materials will quickly decompose and turn to high quality
compost, which can improve soil nutrients content and share
in building soil organic matter, which is protect the soil from
erosion [53, 54]. With widely predictable benefits from
integrated plant nutrient management, it is necessary to make
some adjustments in traditional nutrient strategy plan, with
particular attention to soil nutrients balance, special
consideration must be focused on the fact that native soil
fertility is certainly difficult to be regained once again by
application of fertilizers [55, 56].

Agriculture is a dynamic sector, affected by many variable
factors viz., different agro ecological zones, and types of soil
texture, followed by farming practices, technologies and
variables in commodity markets. Furthermore, crops have
different fertilizer needs and different use efficiency, thus, an
urgent priority must be done, to look again at the fertilization
programs when planning new soil reclamation agendas.
Predictable satisfactory yield production will be produced by
following integrated nutrient programs, and also could
eliminate the constraints, sustain food security, and guarantee
soil nutrient balance with magnificent benefits to succeeding
crop [57, 58], as well as sustain economic yield with little
effect on native soil fertility and minimize the risk in
environment pollution [16, 17, 59].

Therefore, this review article discusses the remarkable
contributions of integrated nutrient management accessible in
previous literature review under three main topics:

A.Definitions, Concepts, Objectives, Constrains and

Advantages of INM.

B. The relationship between INM and a number of factors

affected on sustainable agriculture.

C. The main values outcome from application of INM.

2. Main Topics Address the Integrated
Nutrient Management

The main topics of integrated nutrient management can be
discussed under the following topics.

2.1. Definitions

Fertilizers are usually classified, according to the source
driven into two main categories. The first one is organic
source (natural) and the second is inorganic (mineral or
synthetic or manmade) source. Integrated nutrient
management (INM) is one of the agronomic practices aiming
at usage of the harmonious properties of both sources by
making a combination that can be used in decreasing the
enormous use of chemical fertilizers as well accreting balance
between fertilizer inputs and crop nutrient requirement
options, which can maintain soil fertility, restore soil health
and continuous supply of plant with nutrient requirements to
obtain an optimum level of yield production, maximize
profitability and subsequently reduce environmental pollution
[17, 60, 61]. In conclusion, the definition of integrated
nutrient management is a low-to-no-cost effective technology
for restoring soil health, as long as they can be produced and
used within a same place.

2.2. Concepts

Integrated nutrient management is a practice that combines
old and modern techniques of fertilizer use and nutrient
management. The idea of INM depends on a number of factors,
including harmony in nutrient properties, a balance between
crop nutrient demands, what sort of nutrient, in general, is
available in soil and in farmer’s hand, information and skills
about the most suitable nutrient can be harmonized in
combination, which materials can be safely used that lead to
increase nutrient use efficiency. Additionally, it’s a method
and a way of disposable organic wastes safely and also an
effective method of recycling wastes to good quality compost
[6, 62]. The key components of INM concept is increasing
farmer awareness about the valuable use of INM practices,
invite them to forget the excessive use of chemical fertilizers
and encourage them to focus on long-term plan for sustainable
agriculture. Moreover, farmers must have greater
consideration for environmental impacts and producing safety
food rather than only focusing on profit, which can be
obtained. Always must remember that safety food is much
preferable for many customers, regardless of price, while it
can raise farmer returns by following such practices.

2.3. Objectives

The main objective of integrated nutrient management is to
maintain economic yield for long period with little effect on
native soil fertility and environmental pollution, make some
changes in farmer’s awareness toward ecofriendly technique
(organic farming system) for producing healthy food free from
contaminants and insuring satisfactory economic return.

2.4. Constrains (Difficulties)

Soil corrosion, mining, degradation and also loss of fertility
are the main reasons leading to irreversible decrease of plant
production and huge damage for sustainable agriculture.
Therefore, to sustain soil health and return soil productivity is
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an urgent need to overcome the problem of low soil
productivity. Serious efforts have been made including
promotion of more productive use of integrated nutrient
management, which inessential portion in organic farming
system. In addition, considerable attention must be given to
determine soil nutrients balance including nutrients absorbed
by the current crop accompanied by great attention towards
the requirements of succeeding crop. Thus, continual
assessment of the changes in the current soil fertility is
necessary to determine nutrient loss through crop absorption,
erosion, leaching and to mirror soil balance, because quick
depletion of soil fertility will be expected as well as reduction
in soil organic matter [63, 64].

Additionally, there are some constrains facing the progress
of integrated nutrient management. Firstly, the difficulties in
obtaining FYM and biofertilizers, some poor farmers have
some troubles in obtaining organic manure as well as their
lack of knowledge, poor advisory services and skills of
recycling organic wastes to produce high quality compost.
Also, biotic or abiotic stress are ranked to second series and
the third will be the poor tillage, whereas the lack of
equipments were ranked in the fourth succession. Also,
absence of the role of extension services and NGOs to support
farmer's and direct their attention to the importance of using
integrated nutrient management and its benefits in conserving
soil properties, soil nutrient balance, and environmental
impacts as well as their role in increasing their profitability.
Finally, all of these could hardly be detected and could be
added to the above snags.

2.5. Advantages

Preparing soil for producing its maximum capacity is an
important target and a complex process resulted from the
solidarity of many factors, which largely depend on more than
one factor to get the best benefits, among others, soil nutrients
content which must not only be in appropriate and accurate
quantity, but also must be in easy and available form for plant
absorption at the right time of plant requirement. Thus, a good
nutrient management package, is a way to attain ideal growth
and yield levels for most crops at different agro ecological
zones, without or with minimum risk in environment
(ecofriendly strategy), [17, 65, 66].

This can also be described as a system involving a series of
benefits, such as:

1. Systems can improve soil nutrient natives and increase

the solubility and availability of fertilizers to be used.

2. Using the harmonious behavior of nutrient supplies and
making them match with crop requirements.

3. Offer nutritional balance to crops and lessen the
aggressive effects resulting from opposite impact
between nutrients factions and nutrient imbalance.

4. Advance and sustain the physiochemical and biological
function of soil properties.

5. Reduce the rate of soil degeneration, water and
ecosystem by enhancing carbon confiscation,
decreasing nutrient losses to ground and surface water
forms and/or to environment pollution.

6. Minimizing higher total costs of production and raising
farmer returns (increasing profitability).

7. Improve resistance to both stresses biotic and abiotic.

8. An effective method of agricultural practices to ensure
healthy food, covering population food demands
alongside with many soil and environmental impacts,
especially in countries with rapid growth in population.

9. Additional benefits can also be gained; it does not only
save the total costs at satisfactory level with an increase
in crop production, but also can be easily practiced by
farmers, therefore it is considered one of the most
promising techniques in line with future needs.

10.INM can have positive effects on the susceptibility or
plant resistance against many types of biotic and abiotic
stress.

11.Following INM able to explore a larger volume of soil in
order to access water and nutrients. Additionally,
improved root development enables the plant to absorb
water from deeper soil layers and then reflect an
increase the ability of crops toward drought resistance.

12.Changes of farmer awareness toward the climate
changes from season-to season, which have greater
ecological impacts in order to produce safety food rather
than achieving higher yield aiming at attaining higher
profit.

3. Relationship Between INM and a
Number of Factors Effect on
Sustainable Agriculture Production

3.1. Integrated Plant Nutrient Management in Relation to
Macro and Micronutrients

Generally, most of the major studies regarding the effect of
the application of macro nutrients NPK are mainly focused on
testing the rate of application, timing of application, varietal
responses and the effect of its integration with numerous of
agronomic practices. While, most of the studies related to the
effect of micronutrients application have focused on yield
quality traits or may also include methods of application,
suitable for treating the problems of micronutrients deficiency
[23, 52]. Most of these studies suggested that application of
the recommended dose of inorganic fertilizers is more
important than being neglected in order to maintain economic
yield, especially in low fertile soils [42, 43, 67]. Whereas,
other investigators reported that, occasionally the application
of inorganic fertilizers may be the reason for prolonging
growth period, and also may be the cause of delaying
flowering and physiological maturity by 1-2 weeks, and will
lastly lead to a decrease in yield quantity and quality. Above
all, imbalanced and continuous use of inorganic fertilizers
may result in some problems in micronutrient deficiencies,
which become major constraints on productivity, stability and
sustainability of soil health [41, 68, 69]. Therefore, INM
become one of the most principle practices, which can replace
the traditional methods, decreasing the nutrient losses and
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their harmful effects on the environment, while maintaining
higher crop yield and advanced profits [70]. Considerable
attention to the success of INM is related to the selection of a
combination, which can provide plants with different nutrient
sources in adequate amount at timing agreeable with the plant
requirements, also which has avital role in improving
nutrient-use efficiency and can achieve higher yields [71].
Also, integrated nutrient management practices, may be the
best way or dominant option for harmonizing utilized totality
of the farm wastes that can be used as plant nutrients. In
addition, it is not only the most effective practice that can
prevent nutrients deficiency, but also strongly related to social
issues, especially for poor farmers, who are unable to spend
large investments in maintaining soil fertility.

Although, the combination of organic fertilizer with
inorganics considered a stock of nutrients which can
continuously supply the current crop with their requirements,
but it can also be considered as a scheme which have greater
residual effect on subsequent crops than sole application of
inorganic fertilizers, due to slow release of nutrients over time
and its added value in soil organic matter content [31].

In addition, most of current literature revealed that
significant attention has been paid to determine the role of
integrated nutrient management of organic and inorganic
fertilizers on growth and yield, including the use of FYM,
green manures, and bio-fertilizers [72, 73]. In the same respect,
the study of [74] on a long-term field experiment, found that
continuous application of inorganic fertilizers alone reduces
the soil organic carbon level due to low dry matter production
and leads to reduction in the return of crop residues to the soil.
Keeping these aspects in mind excess or lack of essential
nutrients N, P, K, S, Ca, Mg and micronutrients are often
called ‘limiting factors’ because each could limit the plants
growth and cause serious problems in most of accumulation
process of make the use of integrated nutrient management an
essential factor and main reason leading to sustainable
agriculture.

Lastly, farmers and researchers cannot neglect the role of
the soil microorganism's in controlling nutrient conversions,
solubility, availability, release from the soil root zone to plant
roots and also the role in absorption and raising nutrient-use
efficiency, which can be achieved by following INM system
[75-80]. Additional trend was also observed, a decrease in the
losses of water and nutrients through leaching, runoff,
volatilization, emissions and immobilization [17], which
resulted from an increase in soil organic matter contents and
improvement of soil physical and hydrological properties.

3.2. Integrated Plant Nutrient Management in Relation to
Environmental Concern and Food Requirements

Since, early time of 1990s, the increase of agriculture
production for main food crops has been increasing or even
tended to decrease, whereas the trend for global food
production needs to increase to above 4 billion metric tons by
2050 to cover population needs which are rapidly increasing
[19]. However, further increases in farming production have
been associated with negative impacts on global change; water

scarcity; land degradation; erosion as well as soil nutrient
balance besides depletion soil organic carbon, and later soil
run off.

Agriculture approaches are the largest contributors to these
emissions. Tremendous increase, which has rapidly emerged
in recent years, is mainly due to the huge use of synthetic
fertilizers and pesticides, especially in the case of intensive
agricultural system [17, 81]. Thus, the use of chemical
fertilizers particularly nitrogen, phosphorus and potassium
(NPK), are the essential factors and main reasons leading to
environmental pollution and land erosion, because of their
perpetual uses for long time in some developing countries [82,
83]. In addition, the consumption of synthetic fertilizers has
risen globally by 49%, 19%, and 33% for nitrogen,
phosphorus and potassium, respectively [17].

Some of the current investigations reported that, intensive
use of synthetic fertilizers and pesticides did not have a
significant contribution in yield increase, this may be due to
more than one factor viz., great nutrient losses through
leaching, runoff, volatilization, releases and immobilization,
or may be owing to low nutrient-use efficiency. Thus, the
reverse habits are necessary, and also are essential in devising
agriculture strategy plan to find out a way that enables to
produce higher yield production for long term periods,
encourages conservation natural resources, ecological impacts
and global climate change alleviation and adaptation, also
matching with the other agricultural program aiming at
increasing production and ensuring environment. Accordingly,
it is a high time to search for innovative practices which can
guarantee higher yield productions without or with minimal
risks or further deterioration of our environment. INM
technique can thus, play this role and remain the most
effective ways to achieve food security, improve
environmental quality and to meet growing food demand
worldwide without any bad effects, especially in countries has
rapid growth population.

Integrated nutrient management (INM), also a practice has
too significantly shown impacts by decreasing chemical
application through a combination of inorganic and organic
fertilizers either with or without bio-fertilizers that could be
minimize nutrient applications and thereby nutrient lose,
regulate the nutrient supply, warrants soil nutrient balance and
thus result in high nutrient-use efficiency, cost reductions,
increase profitability, improve resistance to biotic and abiotic
stresses [6, 7, 17, 45, 65, 66].

Lastly, INM is a simple system that can create favorable soil
condition, able to provide plants with sufficient, efficient and
sustainable nutrient source and also is the promising strategy
that have made considerable contributions to lessen negative
environmental impact, boost both the quantity and quality
traits of the global food supplies and increase land expansion
with the plan of sustainable and economical agricultural
development [82].

3.3. Integrated Plant Nutrient Management in Relation to
Soil Structure and Water Use

Recently, many findings highlighted that the relationship
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between soil structure and water conserving or water uses
liner and largely depends on many factors, among these, soil
organic matter, both quality and quantity, due to the fact that
soil organic matter is considered the primary peacekeepers of
most of soil properties, which are the bases of soil quality
physically (structure), chemically (nutrition) and biologically
(microorganisms). [93] Reported that, 100 kg of dry soil that
contains 1% organic matter can hold 30 kg of water, whereas
soil with 5% organic matter can hold 195 kg of water. In the
same context, several investigators came nearly to the same
conclusion [33, 84, 85], and also the relationship between soil
structure and soil productivity [17].

Therefore, any further improvement in soil structure creates
a favorable condition for plant water relationship without
having any undesirable impact on the environment, for
example integrated nutrient management can improve soil
organic carbon, which is an important indicator of soil
structure and can directly indicate the state and type of soil
quality, soil fertility and also a proof of the possibility of
agriculture sustainability due to the sunny roles in improving
soil physical properties viz., nutrient availability, moisture
retention, cation exchange capacity, soil pH, microbial
community and activity, bulk density and aeration [86-88].
Whereas, other studies reported that application of organic
manures with chemical fertilizers through integrated nutrient
management system has an effective role in improving
physiochemical soil properties, that leads to an improvement
in water infiltration, water holding capacity, water flow down,
increase soil field capacity, which consequently improve
economic water use and water use efficiency, and leads to
much water conserving without reversible effects on crop
productivity [22, 25, 89].

In addition, further improvement in soil pH creates a
favorable condition of macro and micronutrients absorption.
Timely, Truog, 1946 indicated that, pH is a critical factor to
plant nutrients absorption, the largest advantages in plant
nutrients up take macro and micro was noticed in soil pH 7.0,
even at a minimum dose of the recommended dose of
synthetic fertilizers. Currently, several investigators also came
to similar conclusions, for example [52, 90, 91] suggested that
acidification and alkalization in the rhizosphere are the
dominant factors affecting soil nutrients solubility and
availability. In alkaline soils where higher pH is prevailing,
marked decrease in Fe, Zn, Mn and Cu absorption were
observed, because of these elements are highly correlated to
lower pH.

Recently, noticeable quantitative and qualitative changes in
field management practices, particularly related to the use of
organic manure and chemical fertilizers along with
biofertilizers. These changes are generally beneficial for
improving soil physical, chemical, biological and
hydrological properties, which are reflected in significant rate
in mitigation; the irreversible adverse effect of the drought
stress and make up a significant portion of water conserving,
soil degradation and the main effect may be up degraded soil
class [16, 36, 92-94]. In the same respect, previous studies of
[16], indicated that highly attention must be considering that,

some fields have poorly response to nutrient unsystematic
application of fertilizers.

3.4. Integrated Plant Nutrient Management in Relation to
Plant Growth and Crop Yield

Plant growth is influenced by many factors e.g., application
the recommended and ideal dose of inorganic and organic
fertilizers, which is the essential option and important factor
enhancing crop growth, nutrient uptake as well as vital
component in supporting crop life cycle and yield potential
[95, 96]. Therefore, superfluous additions of fertilizers are not
always means that an increase in crop production must be
occurred; a part of added fertilizers may be not absorbed by
crop and mostly are remain in soil or may be lost through
volatilization or by leaching to underground water, then
became dangers and source of environmental pollution.

Several investigations indicate that INM have remarkable
benefits and potential role not only on crop growth, but also on
sustainable  development of  agriculture involving
environmental impacts. It's well known that rapid decline in
soil fertility which leads to low productivity is related to many
factors and occasionally closely linked to irresponsible
practices followed by farmers, among these, continuous and
intensive use of cropping system, excessive use of chemical
fertilizers, and negligence of soil nutrient balance in planning
agriculture programs [8, 9], intensive cultural practices and
ignoring the application of organic manures solely or in
combination with inorganic fertilizers [6, 18]. Therefore,
when managing agriculture strategy, significant attention must
not be given to fertilization programs only, but also to the
sources of nutrients which are matching, homogenous, mixed
in such a combination to be available for plant absorption and
cover all of crop needs.

Success of INM relies on a number of factors, including
appropriate right combination, right dose, right form and
application at right time of plant need. The integrated use of
organic, chemical and biofertilizers, also has an effective role
in improving soil properties [47], enhancing nutrient use
efficiency, decreasing nutrients loss, minimizing crop
nutrients requirement, increasing cation exchange, water
storage capacity and service in sustaining higher yield [10],
improve the phyto availability of micronutrients in soil and
their uptake by plants [51]. All of these may too work together
and play notable role in crop quality. In addition, having
effective role, in general, on plant vigor contribution,
particularly which are related to root development, water and
nutriments uptake and dry matter accumulation. Results of [17,
47, 88, 97-99], indicate that INM has essential role in
improving plant growth in terms of plant height, dry weight
accumulation, leaf area, LAI, LAD and CGR, which directly
have positive effects in raising crop productivity per unit area
and consequently lead to increase water use efficiency, water
conserving and economic water use. Owing to, the effect of
INM on most of crop growth parameters, high crop yields can
be achieved even without further application of NPK rates
above the recommended dose of the home-grown area
[79-81].
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In this domain, also strong and conclusive indication
reported previously by many researchers, indicate that, INM
practice can be an effective practice and ecofriendly approach
to produce greater yield production and maintain satisfactory
profitability to farmers [100-103].

3.5. Integrated Plant Nutrient Management in Relation to
Succeeding Crop

The bulk of literature highlighted that, long term use of
organic and inorganic fertilizers in combination with
biofertilizers indicates a better and effective option to get
maximum benefits from the soil to the current crops and
occasionally may be extended to succeeding crop. Many results
also concluded that, the residual effect of bioorganic farming
system may double the yield of subsequent cereal crop [44].
Furthermore, [10, 45, 46, 49, 63, 64], suggested that INM is an
important tool for assessing the nutrient reserve in soils;
restoring soil health and most effective management strategy to
advance soil biological and physio-chemical properties, which
are vital component in assessing yield and yield contributing
components of both preceding and succeeding crop. Such effect
on soil biological propertiecs may be due to the role of
microorganisms not only in increasing nitrogen fixation, but
also in improving the availability and mobility of phosphorus,
potassium and iron, thus provide plants with essential
components needed for the process of plant development and
yield productivity while remediate soil structure by improving
its accumulation and constancy [47, 51, 64].

4. The Main Values of INM

The main points below are considered the main principles
of INM to be considered in planning integrated nutrient
management strategies:

1. Adopting INM practices must be compatible with the
local farming system, for example field biological
condition (weeds, insects and diseases), soil texture,
irrigation services and equipment's available and
climatic conditions etc.

2. Using both sources of nutrients optimize fertilizers input,
increase their use efficiency by crops; reduce their huge
request decrease food contaminations, environmental
pollution and total costs.

3. Corresponding soil nutrient supplies with crop demand
spatially and temporally in order to conserve native soil
contents.

4. INM practice reduces fertilizer loss, improve crop
potential and increase profitability.

5. In long term improving soil physiochemical properties
(biological and hydrological properties).

6. Applying INM practice, on root zone; where the most
important process between plant and soil occur, is a
“bottleneck” controlling nutrient conversions, solubility,
availability, and release from soil to plant roots and
absorption. Such exercise can respond to maximize
biological  potential  through  enhancing  soil
microorganism's activity.

5. Conclusion

Owing to the bulk of literature presented in this article, can
came to the following conclusion:

Less response and declined crop production continually
accompanied by restricted use of unbalanced, inadequate and
unfit fertilization programs, which are the main factors of the
bottlenecks not only to sustain agricultural production,
profitability and sustainability, but also deteriorate the soil
health, fewer response to the recommended dose of chemical
fertilizers and low response of some fields to fertilizer
application. Under such condition, the search of the most
effective practice have a radical effect on crop growth and
yield, is the main step in developing and sustaining agriculture.
Among other practices, integrated nutrient management is a
tool which can offer good options and economic choices to
supply plant with sufficient amount of most macro and
micronutrients, and also can reduce the dose of chemical
fertilizer, create favorable soil physiochemical conditions,
healthy environment, eliminate the constraints, safety soil
nutrient balance in the long run, to an optimum level for
sustaining the desired crop productivity and finding safe
methods to get rid of agriculture wastes.

Special offer also can be gained, a part of applied organic
manure is left with a high amount of crop residue after
harvesting to the succeeding crop; and these materials will
quickly decompose and turn to high quality compost, which
can improve soil properties and share in building soil organic
matter, which is protect the soil from erosion.

Finally, turned the interest of agriculture specialist’s and
farmers toward a simple technique can be easily applied,
bio-organic farming system, may be valuable and acceptable
option for many of agriculture planners and numerous of play
makers to make farmers overcome the traditional methods of
organic waste disposal, with or without slight risk to the plants,
groundwater or ecological pollution and human health and
also a principle component of the future success of achieving
the best use of existing natural resources for producing healthy
food, which is recently became the main concern and
preferable choice for many customers, and ensuring
sustainability.
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