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Abstract

The Effects of Chemical Fertilizers and
organic manure on soil fertility focuses primarily on the
behavior of nitrogen (N) and phosphorus (P) in soil
because these two nutrients are the main nutrients that limit
crop yields and they are also the nutrients of particular
concern for environmental quality. Besides, potassium (K),
sulfur (S), macronutrients (primary and secondary),
micronutrient and other elements, salts, and sodium, soil
pH, EC. CEC and organic matter are covered. Organic
fertilizer improves physical and biological activities of soil
but they have comparatively low in nutrient content, so
larger quantity is required for plant growth. However,
inorganic fertilizer is usually immediately and fast
containing all necessary nutrients that are directly
accessible for plants. But continuous use of inorganic
fertilizers alone causes soil organic matter degradation, soil
acidity, and environmental pollution. So the combined
application of inorganic fertilizer and organic manure has
an alternative system for the sustainable and cost-effective
management of soil fertility. The objective of the present
review is to assess the effect of long-term chemical
fertilizers and organic manure on soil fertility. The study
revealed that the appropriate application of inorganic
fertilizers along with organic manure increases soil fertility
than the values obtained by organic or inorganic fertilizers
separately.
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1. Introduction
Indian agriculture has made tremendous progress after
the sixties. The success of agriculture production has been
attributed to the widespread use of high yielding varieties.
Among several inputs, fertilizers have been the kingpin for

the transformation of Indian agriculture from subsistence
to surplus. After the resounding success of the green
revolution, a decline in the growth rate of food production
is seen during the recent past in respect of crop productivity
and input use response. Presently, the major concern in
agriculture is to arrest any further decline in crop
productivity and soil quality. Although high yielding
nutrient responsive crop varieties resulted in higher
productivity, it led to the overexploitation of soil reserves
and other resources. In general, Indian soils are poor
infertility, as these have been consistently depleted of their
finite nutrient resources due to continuous cultivation for
centuries, adoption of modern agricultural technologies,
and imbalanced use of fertilizers and poor use efficiency of
fertilizers. As a consequence, the food grain production is
stagnated at present [60] fertilizer use efficiency refers to
the proportion of applied nutrients recovered by the crop
(e.g. kg grain kg-1 of applied nutrient). Recently, a
declining trend in rice-wheat productivity has been
reported which is a cause of concern to the agricultural
scientists and administrators. To give break-through in
food grain production, it is necessary to adopt suitable
techniques for enhancing the use efficiency of various
fertilizers.
The concept of soil quality looks beyond soil fertility
and maximum production, the definition stresses the
importance of system maintenance [42]. To sustain system
maintenance, basic soil quality indicators that can identify
soil management problems from the perspective of the soil
functions and development are handy to monitor the
sustenance of the system. The quality and health of soil
determine agricultural sustainability [2] environmental
quality [83] and as a consequence of both, plant, animal
and human health [38]. About agriculture, the term soil
quality has been used to measure soil's fitness to support
crop growth without its degradation. It is a critical
component of sustainable agriculture and it comprises the
combination of physical, chemical and biological
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characteristics that enable the soil to perform a wide range
of functions. [48] Proposed soil biological activity,
diversity and productivity as vital soil functions. The soil
quality mainly gets influenced by the amount and quality of
organic carbon which directly dictates biological properties
greatly in comparison to chemical and physical ones.
Various cropping systems and management practices have
a great influence on soil quality parameters [122]. In India,
long-term fertilizer experiment was first started in 1885 at
Kanpur followed by many other locations at the beginning
of the 20th century [72]. The experiments generated
valuable information on the effect of organic manure and
chemical fertilizers on crop yields, nutrient removal, and
soil properties. The long-term field experiments are
considered to provide the best practical approximation to a
test of the sustainability of farming practices. The
long-term fertilizer experiments that have been in
operation in India for the last many years have indicated
that they could be used to measure and evaluate the effect
of continuous cropping and fertilizer used on soil quality
and hence the sustenance of the system. Long-term
experiments provide a strong base to measure a sustainable
management system in agriculture being records of the past
and may serve as an early warning system for the future
[71].

2. Objective of Review
Under continuous cropping, changes in soil fertility and
the resultant crop productivity can be related to nutrient
imbalances, which have been recognized as one of the most
important factors that limit crop yield. Even the
applications of recommended NPK fertilizers, devoid of
organic manure have not sustained soil quality. There are
so many reports based on the 10-15 years old experiments
on the chemical properties from the long term experiments
in India and abroad separately, however very scanty
information is available in respect of varying nutrient
management practices. Keeping in view the importance
and very meager information available to evaluate the
influence of long-term chemical fertilizers and organic
manures on soil fertility:
The above-proposed review will be focused on the
following objectives:
i) To identify the advantage and disadvantage of
chemical fertilizer and organic manure on soil fertility
ii) To review the long-term effect of chemical fertilizer
and organic manure on soil fertility

3. What Is Fertilizer?
3.1. Fertilizer
Fertilizers are materials containing one or more nutrients

elements in the form of chemical compounds of the organic
and inorganic nature. These occur either as natural deposits
or are synthesized in a chemical factory. Fertilizers are two
types (i) Organic Fertilizers (ii) Inorganic (chemical)
fertilizers.
3.1.1. Organic Fertilizers
Organic fertilizers are natural materials of either plant or
animal source, including livestock manure, green manures,
crop residues, household waste, compost, and works
directly as a source of plant nutrients and indirectly
influences the physical, chemical and biological properties
of soil [12]. Microorganisms from the soil decay the
organic fertilizers to make its nutrients available for utilize
by plants [7] which added into the soil and have the
characteristic nature of the slow release of nutrients.
3.1.2. Advantages of Organic Fertilizers
Organic fertilizers have the following advantages to
improve soil fertility:
(i) Increasing organic matter content in soil, improve the
soil structure, creating more air space and water retention
within the soil and enhances soil nitrogen content, nutrient
availability, improves nutrient mobilization [5]. (ii)
Organic fertilizer increase root growth due to enhanced soil
structure, promoting soil aggregates, enhances cation
exchange capacity [57]. (iii) Organic fertilizer acts as a
buffering agent against undesirable soil pH fluctuations
[76]. (iv) Organic fertilizers are the fastest-growing sectors
of the agriculture and its main objective is to create a
balance between the interconnected system such as soil
organism, plants, animals and humans [16]. (v) The
organic fertilizers offer the biological process necessities
of plants and conjointly suppress the plant pests’
populations [40] [41]. Organic fertilizers increase the
quality and yield of crops [24].
3.1.3. Disadvantages of Organic Fertilizers
(i) Organic fertilizers may contain pathogens that are
harmful to humans or plants because organic fertilizers are
derived from a substance like animal feces or plant/animal
matter contaminated with pathogens [26]. (ii) They are
relatively low in nutrient content, so larger volume is
needed to supply enough nutrients for plant growth. Hence,
large-scale agriculture without use inorganic fertilizers it is
difficult [125]. (iii) Due to the composition of organic
fertilizers highly variable, so that the accurate application
of nutrients to plant production is difficult. Also,
Microorganisms are required to break down and release
nutrients into the soil [26]. (iv) They are also required in
large quantities which may not be readily available to small
scale farmers [4] [3] when decomposition is slow.
However, the decomposition of organic material is strongly
affected by temperature and soil moisture thus nutrients
may be released when the plant does not need them [67]
[91]. (v) The decomposition of organic material is strongly
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affected by temperature and soil moisture thus nutrients
may be released when the plant does not need them [67].
(vi) Organic manure contains fecal coliforms, HMs,
nutrients that enter water bodies and degrade water quality
and poses serious threats to the environments and public
health [121] [46]. (vii) Successive application of high rates
of dairy manure or sewage sludge can increase the risk of
surface and groundwater pollution [66] [90]. The decrease
in P Concentration in organic production system N and P
present in the manure, accumulate in the soil and may
contribute and may increase NO3- levels in groundwater
and eutrophication of surface water[59] [35]. (viii)
Application of manure causes the edge of fields nutrient
losses if rainfall occurs soon after application [63]. Organic
fertilizer increased the water stable extractable and
bio-available P content of soil [66].
3.2. Inorganic Fertilizer
Nutrients like nitrogen, potassium, and phosphorus are
removed by livestock through grazing and crop residue
collection. Nutrients consumed by the livestock are
recovered through byproducts such as manure. However,
the manure is not allowed to recycle back to the farming
and grazing lands, due to its alternative uses as fuel [32].
This leads to the degradation of soils which have low
nutrients. For soil that much deteriorated, adding chemical
fertilizers might be essential because chemical fertilizers
can re-establish the soil fertility very quickly and the
nutrients are obtainable to the plants as soon as the
fertilizers are dissolved in the soil. Inorganic fertilizer
increases root residues that mean indirectly increases
organic matter [92] [61]. Due to this recently, farmers
emphasized chemical fertilizer applications to increase
productivity [12].
3.2.1. Advantages of Inorganic Fertilizer
(i) The balanced applications of inorganic fertilizer can
increase soil organic matter through higher levels of root
mass and crop residues [92]. (ii) Inorganic fertilizers can
improve the yield of crops [75]. (iii) Inorganic fertilizers
increase the soil fertility [27]. (iv) Inorganic fertilizers are
good for the rapid growth of plants because the nutrients
are already water-soluble, therefore the effect is usually
quick and fast, contains all necessary nutrients that are
ready to use. Inorganic fertilizers are quite high in nutrient
content and only small amounts are required for
productivity [39].
3.2.2. Disadvantages of Inorganic Fertilizer
(i) The inorganic fertilizer enhances the decomposition
of soil organic matter, which leads to degradation of soil
structure and decrease in soil aggregation results in
nutrients are easily lost from soils through fixation,
leaching, gas emission and can lead to diminishing
fertilizer efficiency [6]. (ii) Over application of chemical

179

fertilizers can destroy decomposers and other soil
organisms, reduce the colonization of plant roots with
mycorrhizae and also hazardous to the soil environment
[36]. (iii) Inorganic fertilizers accumulates salt which
expend more energy to draw water from the soil and cause
them to appear wilted or dried out and if there is a rainfall
shortly after they are applied them the fertilizers wash
away and can pollute streams, ponds, and other water
bodies. (iv) The over use of inorganic fertilizers can create
a nutrient imbalance and that may causes soil acidity
leading to low crop yields [75]. (v) Deficiency of
secondary and micronutrients occur in soil and crop if the
NPK is consistently used. Continuous use of inorganic
fertilizers leads to falling in soil organic matter, increased
soil acidity, degradation of soil structure and increased
erosion [74].

4. Results on the Influence of
Long-term Chemical Fertilizer and
Organic Manure on Soil Fertility
4.1. Soil pH and EC
Soil Physico-chemical indicators such as soil reaction
(pH) electrical conductivity (EC) and CEC influence the
solubility of nutrients. It is a function of various kinds of
processes that fuelled too by soil biota. Their primary
importance in osmotic balances of the plant directly related
to water and nutrient uptake. The chemical fertility of soil
determines the overall health of the soil, sustainability of
crop and it is the index of availability of nutrients to plant.
The chemical properties of soil reflect the capacity of soil
to provide a congenial chemical and nutritional
environment to plant [116]. The chemical fertility supports
biological and physical processes in the soil [1]. An
increase in pH with the graded doses of NPK over control
[79]. An increased pH with the incorporation of rice straw
but the difference was significant with the application of
NPK fertilizer over control in red soils of China [30]. An
experiment on Mollisol at Pantnagar found increased pH
by 0.9 to 1.1 units over initial pH as a result of continuous
cropping and fertilizer use for 17 years. The electrical
conductivity increased with the application of organic
manures [123]. The plots receiving FYM recorded more
increase in EC than others; which was due to the release of
electrolyte during decomposition [56]. The different
fertilizer treatments in a continuous rice-wheat cropping
system over 16 years (1987-2003) did not show significant
variation in pH and electrical conductivity of the soil [8]
[37]. Similar results were observed by [114] at Pantnagar.
Inorganic fertilization caused soil acidification and
salinization [132]. The lowest pH in the surface soil after
the wheat crop was registered under control while the
highest pH to the tune of 8.19 was recorded due to N120+P40
+K40+FYM [21]. The highest electrical conductivity was
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recorded with the treatment N120+P40 +K40+FYM in surface
and sub-surface soil while the lowest electrical
conductivity was recorded in control in both surface and
sub-surface soil [22].
4.2. Cation Exchange Capacity
The addition of organics in combination with chemical
fertilizers increased the cation exchange capacity of soil in
comparison to control plots [101]. CEC and exchangeable
Ca2+ content of the soil improved with the application of
organic sources of nutrients either alone or in combination
with fertilizers when used over a long period [103][62].
The cation exchange capacity can be used as a good
indicator of soil stability, in combination with the organic
matter content and the kinds of the exchangeable cation
(especially K+ and Na+). Long-term FYM/manure addition
increased CEC due to the colloidal nature of organic matter
[81]. The cation exchange capacity of soils reduced in
almost all the treatments due to continuous use of chemical
fertilizers and amendments except 100 percent NPK +
FYM wherein the initial status of 12.10 Cmol (p+) kg-1 was
almost maintained [31]. Continuous cropping for nine
years CEC increased in all the treatments over control.
However, a larger increase in CEC was observed in the soil
which received nutrients in a balanced and integrated form
[127]. The application of chemical fertilizers either alone
or in conjunction with organic materials increased CEC of
the soil significantly over control [93]. The results of the
investigation showed that the cation exchange capacity
(CEC) of the soil increased significantly over the control
due to the application of organic manures in combination
with chemical fertilizer [45]. An application of
N180+P80+K40+Zn (F)+FYM over twenty-nine years
favored the highest cation exchange capacity in both the
surface and sub-surface soil layer while, lowest cation
exchange capacity was recorded in control [21].
4.3. Soil Organic Carbon
Soil organic carbon is one of the important soil
properties influencing the productivity of the soil. The role
of soil organic carbon in maintaining soil fertility and crop
productivity has been well recognized from the time
immemorial and its maintenance in the soil is of most
concern under intensive cropping. Organic carbon provides
an account of the availability of plant nutrients. Continuous
use of inorganic fertilizers reduced the organic carbon
content of soil [129]. The highest organic carbon (1.24 and
0.81 %) content in both the surface and sub-surface layer
was
registered
due
to
application
of
N180+P80+K40+Zn(F)+FYM while lowest due to control
[22]. An increase in organic matter content was attributed
to the direct incorporation of organic matter, better root
growth and more plant residue addition [34][50] on the
evaluation of long- term fertility trials. Continuous
cropping without the application of organic manures

caused a decrease in organic carbon [70]. Ten years of
continuous intensive rice-wheat cropping under various
fertilizer and manure treatment in a Mollisol at Pantnagar,
the status of the organic matter went down drastically
except in plots receiving single super P and FYM [112].
Continuous application of fertilizers alone and in
combination with graded level of FYM for soybean-based
cropping system was studied by [8] and reported that
highest organic C status due to the application of higher
rate of FYM with a half dose of N and P fertilizer [10].
Organic C content increased significantly (6.80 g kg-1) in
cultivated soil over uncultivated (5.19 g kg-1) under the
long-term of different cropping systems [102] Assessing
the result of long-term fertilizer experiment in various
agro-ecological regions of India. A decline in organic
carbon as a result of the continuous application of N
fertilizer alone while the balanced use of chemical fertilizer
along with organic manure improved organic carbon [110].
The effect of integrated use of chemical fertilizers and farm
yard manure in long-term fertilizer experiment in all the
treatments, the organic carbon content increased however,
a marginal decrease was registered in the 100% N and
control plots [106]. Higher organic carbon content in FYM
and green manure plots than in the control plots under the
rice-wheat cropping system in Haryana [82]. In a
twelve-year-old long-term fertilizer experiment, the
highest value of organic carbon in the treatment of 100%
NPK + FYM @ 10 t ha-1 under rice-wheat crop rotation
was observed [89]. The maximum increase in soil organic
carbon content was observed with the integrated use of
inorganic fertilizers (N+P+K) and organic manure [15]. An
increase in organic carbon with organic manure application
associated with inorganic fertilizers in the rice-wheat
system [18]. Soil organic carbon was a significant general
indicator of the amount of biological activity, with the
higher soil carbon levels having higher activity. However,
the soil carbon fractions were a stronger indicator, with the
higher activity being associated with higher levels of the
labile soil carbon fraction [68]. It was reported that the
incorporation of organic material not only increased crop
production but also could slow the rate of soil acidification
in agricultural ecosystems [43] [130] [134] [29]. The
addition of FYM and integrated use of FYM with chemical
fertilizers resulted in significantly higher organic carbon
accumulation over inorganic fertilizer alone after harvest
of maize under maize-wheat cropping system in an Alfisol
[53]. Significantly higher organic carbon content in the
treatments where organic manure was incorporated @ 6 t
ha-1 along with N @ 80 kg ha-1 and P2O5 @ 30 kg ha-1 as
compared to the treatments where N @ 120 kg ha-1 and
P2O5 @ 30 kg ha-1 were applied without the addition of
organic manure [28]. The increase in soil organic carbon
content with the long term use of manure in the rice-wheat
system has also been reported by [15]. The Application of
organic manures along with chemical fertilizers further
increased the organic carbon content of the soil
significantly over treatment T5 receiving 100% RDF to
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both the season [54].
4.4. Effect of long-term Fertility on Macronutrients
The chemical fertility of soil determines the overall
health of the soil, sustainability of crop and it is the index of
availability of nutrients to plant. Soil chemical fertility is a
function of various kinds of processes that occur in the soil
biota. The chemical properties of soil reflect the capacity of
soil to provide a congenial chemical and nutritional
environment to plant [116]. The chemical fertility supports
biological and physical processes in the soil [1].
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available N compared to other fertilization treatments [55]
[21]. The highest available N was recorded with the
treatment N120+P40+K40+FYM in surface and sub-surface
soil while the lowest available N was recorded in control
[22].
4.4.2. Available Phosphorous

Continuous cropping of rice-wheat-cowpea for two
decades without fertilizers reduced the initial status of
Olsen’s P by 60 percent but the use of NPK + FYM
replenished it by 68 percent [33]. The twelve years old
long-term fertilizer experiments comprising fourteen
treatments of NPK levels with and without FYM, S, and Zn.
4.4.1. Available Nitrogen
The highest value of P was observed in the treatment of 100
Nitrogen is one of the most important plant nutrients. percent NPK + 10 t FYM ha-1 followed by 100 percent
Nitrogen dynamics in the soil are largely affected by the NPK + S + Zn + FYM in a rice-wheat rotation[89][99]. The
changes in the organic matter content of the soil. addition of organic amendments may increase P
Continuous cropping for five years slightly increased the availability through competition for phosphorus binding
available N with the use of fertilizer N in combination with sites, solubilization of poorly soluble pools and increased
P and K fertilizer, however, available N content of soil solution pH [25]. Long-term fertilizer experiment under
significantly increased with green manuring and FYM rice-wheat system observed that fertilizer treatments had a
treatments [129]. Significantly higher available N in fallow, significant influence on available soil phosphorus after
NPK and N alone plots over control plots and in 100% each crop sequence [20]. In the long term fertilizer
NPK + FYM as compared to 100% NPK treated plots in experiments under AICRP on Long term fertilizer
silty clay loam at Pantnagar after 6 years of intensive experiments to study changes in soil quality, crop
cropping [19]. A decrease in available soil N with an productivity and sustainability at different locations in our
increase in soil depth but it increased with an increase in country considerable build-up of P was noticed in 100%
the doses of NPK fertilizer in aquic Hapludoll soil at NPK treatments [111]. The integrated nutrient
Pantnagar [11] [123]. The nutrient changes in long-term management treatments 50% N through FYM+50% NPK
rice-wheat rotation observed a significant decline in through fertilizers recorded the highest available P content
nitrogen content except in the treatments which had in soil [104]. The significant increase in available P has
received FYM treatment [17]. The combination of NPK + been noticed in the treatments where organic manure @ 6 t
-1
-1
farmyard manure increased available N by 6-14 kg ha-1 the ha was incorporated along with N @ 80 kg ha and P2O5
-1
-1
increase in available N with NPK + FYM was higher in the @ 30 kg ha having a mean value of 25.39 kg ha as
-1
second year of study, indicating the usefulness of INM for compared to the treatments where only N @ 120 kg ha
the sustainability of rice-wheat cropping system [105]. was applied without organic manure and P fertilizer [28].
Greater N in treatment where FYM was applied along with Continuous application of inorganic fertilizer, FYM and
100% NPK than in 100% NPK alone, which could be due cropping for 41 years significantly increased available P
to the optimum microbial population[100]. Significant content and the greatest available P was recorded under the
increase of N in soil receiving NPK every year either alone FYM treated plots followed by super optimal dose of NPK
or in combination with FYM [64][51]. Application of fertilizers, respectively, the lowest value of available P in
green manure along with 50 percent of the recommended control [87]. Long-term manure application along with
dose of fertilizer resulted in the highest available N in chemical fertilizers led to significantly higher values of soil
surface soil [124]. Combined application of 100 percent available P compared to other fertilization treatments [55].
NPK + green gram + 5.0 t FYM each year resulted in The highest available phosphorus status in soil recorded
significantly higher available N, P and K in post-harvest with the application of T8 (100% NPK + wheat straw)
soil at the end of six years cycle in a rice-wheat cropping while, the lowest available phosphorus status was noted in
system [52]. Continuous manuring and cropping for 20 control plots [113]. The highest available P was recorded
years decreased the available N content of the soil in all the with the application of N120+P40+K40+FYM in surface and
treatments in comparison to its initial status [104]. sub-surface soil as compared to other treatments while the
Continuous application of inorganic fertilizer, FYM and lowest available N was recorded due to control [22].
cropping for 41 years significantly increased available N 4.4.3. Available Potassium
content and the greatest available N was recorded under the
In a long-term fertilizer experiment, [115] studied the
FYM treated plots while, the lowest value of available N in
effect
of mineral fertilizers and organic manures on
control [87]. Long-term manure application along with
potassium
(K) balances and K release properties under
chemical fertilizers led to significantly higher values of soil
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maize-wheat-cowpea cropping system on a Typic
Ustochrept in New Delhi. The highest and lowest values
were obtained in 100% NPK + FYM and 100% NP
treatments, respectively. The 100% NPK + FYM treatment
showed superiority over all other nutrient management
treatments viz.; 100% NPK, 100% NP + Zn, 100% N + Zn,
etc., in improvement of soil properties and potassium
fractions in post-harvest soils whereas intensive
fertilization without manure in mono-cropping deteriorated
the soil properties viz.; pH, EC, CEC and organic carbon
[77]. The available K content of soil showed an increase
with the continuous application of fertilizer K and organic
manures over the initial values [129]. A significant
increase in available K in the soil was reported with the
application of inorganic fertilizer but the difference was
non-significant with the use of rice straw in the soil [30].
Maximum available K content was recorded with 100%
NPK+FYM followed by 150% NPK in surface soil after
rice-wheat sequence in both the years [20]. The available K
in the soil after 20 cropping cycles was significantly
influenced by the application of different treatments. It
varied from a minimum of 120 kg ha-1 under control to a
maximum of 167 kg ha-1 under 50% NPK through
fertilizers + 50% N through FYM [104]. An application of
organic manure resulted in a higher build-up of available K
content over chemical fertilizers alone [28]. Continuous
application of inorganic fertilizer, FYM and cropping for
41 years significantly increased available P content and the
greatest available K was recorded under the FYM treated
plots followed by a super optimal dose of NPK fertilizers,
respectively [87]. Combined application of organic manure
and inorganic fertilizers significantly increase available K
as compared to other treatments [22].
4.5. Secondary Nutrients
Calcium, magnesium, and sulfur are required in
relatively larger amounts for good crop growth. Sulfur and
magnesium are needed by plants in about the same
quantities as phosphorus, and for many plant species, the
calcium requirement is greater than that of phosphorus. In
multiple cropping systems with higher fertilizer levels, the
use of high-analysis fertilizers like urea without secondary
and micronutrients would decrease the availability of
secondary nutrients like calcium, magnesium, and sulfur in
soil and cause the imbalance of nutrients.
4.5.1. Exchangeable Calcium and Magnesium
In multiple cropping systems, higher fertilizer levels
decreased the availability of calcium and magnesium while
the application of FYM increased the levels of
exchangeable Ca and Mg [84]. The Ca content was lower
in plots receiving a continued application of nitrogen,
which may be due to the increased uptake of Ca by crops,
induced by nitrogen treatment [69]. A decrease in the
exchangeable Ca and Mg content of the soil was detected

where ammonium sulfate had been used as the source of
nitrogen. In the case of the FYM application, there was first
a decrease followed by an increase due to the slow
mineralization of organic manures [58]. An increase in the
Ca and Mg status of the soil was found due to the continued
application of manure while the addition of N in soil tended
to decrease it [80]. The exchangeable Ca and Mg status of
continuously fertilized acid soil increased due to the
application of lime and FYM [86].
The long-term Integrated Nutrient Management on soil
fertility status leads to the increased content of both Ca and
Mg due to the incorporation of FYM along with fertilizers
[14]. The cultivated soils with the application of fertilizer +
compost + lime contained a large amount of exchangeable
Ca associated with fertilization and liming [119]. An
increase in Ca and Mg in 100%NPK+FYM and FYM plots
[107]. An increase in exchangeable Ca and Mg with the
application of FYM [9]. [44] Reported 23 and 31%
increase in the concentration of calcium and magnesium
respectively in manured over non manured plots.
4.6. Effect of Long-term Fertility on Micronutrients
The available micronutrient content decreases with
increasing soil depth in all the treatment plots. The
accumulation of micronutrients in the soil profile in
N120P0K0 treated plots was slightly lower than the control
N120P0K0 treatment. The translocation of micronutrients in
the soil profile was up to 45 to 60 cm layer beyond which
the changes were not noticeable. The higher amount of
available micronutrients in the soil profile was recovered in
NP and NPK treated plots [94]. After 35 years of cropping
the Fe, Mn, Zn and Cu content of the soil was increased in
the FYM applied plots [118]. Similarly, [109] Available
micronutrients increased with the increase in organic
carbon content. In the red sandy clay loam soils of
Bangalore, DTPA-extractable Mn and Cu declined in the
soil irrespective of treatments, while DTPA-Zn increased
only in FYM treated plots and DTPA-Fe increased under
all the treatments [117]. An available contents of Fe, Mn,
Zn, and Cu in soil increased with the application of FYM or
green manure along with NPK as compared to 100% NPK
alone [51]. The availability of Mn in soil increased
significantly with NPK + green manuring than 100% NPK
treatment [126]. After twenty-three years of continuous
cropping, there was a drastic reduction in the contents of
DTPA-Zn, Cu and Mn at all the levels of N, P and K
including control plots, whereas SSP tended to raise the
status of available Fe [49]. Similar results were reported by
[131] after fourteen years of fertilization and cropping in
the maize-wheat system. The micronutrient status in the
soil after 3-years of rice-wheat was declined over initial
value but the decline was least with FYM followed by
green manure [65] [114]. In a rice-wheat-cowpea system at
Pantnagar absence or presence of Zn application with NPK
or NPK along with FYM, DTPA extractable Zn (0.60 to
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2.26 mg kg-1) decreased from the initial value (2.7 mg kg-1)
[114]. DTPA-extractable Zn, Cu, Mn, and Fe contents
decreased appreciably in almost all the treatments from
their respective initial values except the plots treated with
Sesbania green-manure along with NPK in which
DTPA-Fe increased from its initial level [128]. A 31 years
LTFE, on maize-wheat at IARI, consisting of treatments
control, 100% N, 100% NP, 100% NPK, 100%
NPK+FYM and 100% NPK+Zn. They recorded the
highest available Zn with 100% NPK+FYM, which was
significantly higher than control [13]. DTPA-extractable
Zn, Cu, Fe and Mn content in soil increased with the
application of green manures and FYM as compared to 100
percent NPK alone as a chemical fertilizer [52].
DTPA-extractable-Cu increased with the increase in soil
organic carbon content [109]. DTPA extractable Zn and Cu
with application of 50 per cent N through FYM and 50 per
cent RDF in maize and 100 per cent RDF in wheat under
maize-wheat cropping system in an Alfisol, whereas, Fe
and Mn content of soil increased with increasing level of
fertilizer in maize-wheat system under soybean-wheat
intensive cropping in a Vertisol [85]. The addition of FYM
with 100 percent NPK significantly raised the content of
Zn in soil over 100 percent NPK treatment [120]. A general
reduction in DTPA-Fe, Mn and Zn in comparison to their
initial value in most of the treatments except FYM, lime,
Zn and 150 percent NPK treated plots [97]. Crop residue
incorporation improves micronutrient availability in soil
[47]. An increase in diethylene triamine penta acetic acid
(DTPA)-extractable Fe, Zn, and Cu with the addition of
farmyard manure as well as with the addition of
vermin-compost [88]. The available content of Cu in soil
increased with the application of FYM along with NPK as
compared to Control [95]. The available Cu content
remained relatively constant in the soil profile. The
fertilization regimes only influenced it in the 0-10 cm soil
layer, in which it was highest under MNPK (2.1 mg kg-1),
followed by NPK (1.65 mg kg-1), CK (1.64 mg kg-1) and
SNPK (1.38 mg kg-1) [108]. Combined application of
N120P40K40 + FYMr significantly enhanced the available
zinc, iron, manganese, and copper as compared to control
[23]. The dynamics of iron (Fe) in long term fertilizer
experiment under maize-wheat cropping sequence, in an
acidic soil classified as Typic Hapludalfs [96]. An increase
in DTPA-Zn in Zn and FYM treated plots may be due to
the application of Zn in former while in latter due to
mineralization of organically bound forms of Zn in the
FYM [98]. The Highest zinc content was recorded with
treatment T8 (100% NPK+FYM) as compared to control
[78].

5. Conclusions
Thus, it may be concluded, from the above literature,
that application of NPK along with FYM in rice-wheat
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cropping system sustained the productivity and improved
the soil chemical, properties in comparison to application
of NPK fertilizers alone. The physico-chemical properties
and soil organic matter play a vital role for the nutrient turn
over and long-term productivity of the soil which is
enhanced by balanced application of nutrients and manure.
Integrated use of fertilizer and FYM improved the overall
quality of soil whereas continuous cropping without
fertilizer deteriorated the soil health. In the light of above,
holistic, systematic and in depth work is warranted to
evaluate the influence of long term application of fertilizers
and organic and inorganic nutrient management practices
on crop productivity, soil health and different soil
properties under various agro-climatic conditions; and
mechanism/processes involved in long term impact of
these practices on ecosystem and environment needs to be
pinpointed.
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