Impact of long-term application of FYM and fertilizer nitrogen on soil aggregation and
aggregate bound nitrogen fractions and nitrogen mineralization pattern in different size
soil aggregates: A Review

Abstract

This review highlights the impact of long-term application of FYM and fertilizer nitrogen on soil
aggregation and aggregate bound nitrogen fractions and nitrogen mineralization pattern in
different size soil aggregates. Organic manures are an important factor to maintain the soil
fertility level because soil organic matter is regarded as a key indicator when:assessing soil
quality. The integrated application of inorganic and organic amendments leads totincrease:in both the
inorganic fractions (ammonical and nitrate nitrogen) as compare to" their alone application.
Organic manures and residues that are added to the soil increase the total nitrogen content of the
soil by protecting it chemically and physically against microbial degradation. Through FYM and
crop root biomass (rhizodeposition), organic matter and fertilizers have beenadded to the soil on
a regular basis during the past 41 years, and the building of nitrogen shows that nitrogen is
physically protected within macro aggregates.
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Introduction

Sustainability in agriculture encompasses various elements, as a sustainable farming system
should not only affect their ability to meet future.needs while preserving soil fertility and the
natural resources but also tackle a range of other issues including energy consumption, effective
use of resources, and nutrient recycling. Compost plays a major role in maintaining soil fertility
level due to its impact on organic matter. in soil which act as a metric for assessing soil quality
(Riley et al., 2008) and improves soil structure by acting as a significant binding agent to
stabilize soil pools. The aggregate formation is influenced by a combination of factors such as
plant roots, soil flora, microbes, organic and inorganic binders, ambient factors, and physical
forces (Oades, 1993; Six et al.,, 2004). The stability and dispersion of aggregates are
significantly. impacted. by the application of organic amendments, whether combined with or
without chemical fertilization (NPK). (Wang et al. 2014; Xie et al., 2015). Additionally, it raises
the total carbon content and controls how it is distributed throughout the aggregates. (Yu et al.,
2015; Xie et al., 2015). Aggregates of various sizes react differently to the applied amendments
because ofthe differences between aggregates of various sizes and levels of degraded organic
matter (Lugato et al., 2010) particularly in relation to nitrogen-related mineralization of
aggregates. Nitrogen is a crucial element of organic matter and it added to the soil as an
inorganic or organic fraction forms. The type of soil and the source of nitrogen added to the soil
determine the availability of nitrogen and its various forms. Changes in the state of organic
nitrogen in soils occur due to the usage of both the fertilizers such as organic and inorganic, as
well as the farming method, which can be easily identified by changes in the hydrolysis of N-,



amino-sugar nitrogen, amino-acid nitrogen and ammonia-nitrogen fractions. Aggregate bound
nitrogen is protected from mineralization due to its reduced vulnerability to physical, enzymatic
and microbial degradation. Therefore, it is crucial to investigate the total nitrogen bound to
aggregates and its response to fertilization, particularly in the context of long-term fertilization
practices. A comprehensive assessment of nitrogen quantities within in both the organic and
inorganic fractions will provide concrete information about the pattern of nitrogen mineralization
in soils and its subsequent availability to plants. This information proves valuable in the
development of effective nutrient management strategies.

Impact of long-term application of FYM and fertilizer nitrogen on aggregate size distribution

An aggregate refers to a cluster of primary soil particles that exhibit stronger adhesion to
one another than to surrounding soil particles. Soil aggregation is caused by numerous aggregate
stabilizing substance and the mineral particles that are bonded. together (Six et al., 2000). The
stability and characteristics of aggregates are measured by quantity-and quality of added residue
and humus chemicals, as well as their relationship with soil particles. The process that bind the
soil particles into stable aggregates are dependent‘on the applied. source materials in soil,
moisture, temperature, vegetation, and the management practices. Agricultural techniques like
tillage, residue management, and amendments, and fertilization, influence the aggregate size
distribution in soil in numerous ways. According to Tripathi et al. (2014), the administration of
organic sources and inorganic fertilizers significantly altered the aggregate size distribution as
compare to the unfertilized plot (Fig. 1). At two different sample depths, the coarse aggregate
size fraction of 0.25-0.05 mm_contributed the largest percentage to the total water-stable
aggregates (27.3-31.36%), while the fraction:of 0.1-0.053 mm contributed the least (2.10-
3.87%). The addition of farmyard manure singly or with inorganic sources enhanced the
formation of all size aggregate fractions at both sample depths compared to the unfertilized
control plot. In the depth of 0-15 cm.layer FYM alone enhance the amount of macro-aggregates
(5-2 mm) by 165:33%, meso-aggregates (2-1 mm) by 130.68% and micro-aggregated (1-0.5%)
by 282.83% as compared to.the control treatment. The treatment in which application of FYM
and inorganic fertilizers contained a lower proportion of micro-aggregates (0.25-0.1 mm and 0.1-
0.053 .mm) “as_compared to treatment in which singly application of inorganic fertilizer.
Furthermore, in the surface soil, the administration of FYM decreased the fraction of micro-
aggregates (0.25-0.1) by 0.35 to 9.94% and the fraction of size (0.1-0.053 mm) by 0.4 to 30.63%.
The presence of coarse aggregates in the soil is attributed to the continuously application of
organic residues and increased in root biomass, as they serve as a carbon source for micro-
organisms activity and the enhancement of binding agents in soil. Das et al. (2014) reported the
effects of INM practices on soil aggregates. The results revealed that treatment in which
application of 75% of the recommended dose of NPK by the fertilizers along with a 25%
substitution of recommended N through FYM or rice straw leads to the larger fraction of the
coarse macro-aggregates in the soil layers of 0-7.5 cm (34-36%), 7.5-15 cm (19%), and 15-30
cm (17%), micro-aggregates and silt + clay fractions showed the lower proportions in these



treatments. On the other hand, the treatment in which application of 75% of the recommended
dose of NPK by use of fertilizers along with a 25% substitution of recommended N through
sulphitation press mud (SPM) resulted in significantly higher proportions of small macro-
aggregates and lower proportions of large macro-aggregates in the 0 to 7.5 cm and 7.5 to 15 cm
soil depth. The treatment involving 75% recommended dose of NPK by the use of fertilizers
along with the application of green gram residues after pod-picking showed higher levels of
micro-aggregates. Additionally, the treatment in which application of 75% recommended dose of
NPK along with a 25% substitution of recommended N by wheat straw had greater effects on the
remaining soil layers. Other organic treatments exhibited similar effects to those observed with
inorganic nitrogen application. According to Ghosh et al. (2016) .the. macro-aggregates
constituted the larger proportion (51%) as compared to the micro-aggregates. In'the surface soil
layer 0-5 cm showed the higher amount of water-stable aggregates. as compared to the sub-
surface soil layer. The significantly larger water-stable macro-aggregates (60%) were founded in
the treatment in which application of Palmarosa + farmyard manure at 5 t/ha + vermi-compost at
1.0 t/ha + poultry manure at 2.5 t/ha + minimum tillage + 3-live mulch, as compared to the
treatment in which application of Panicum + 100:60:40 (N: P205:K,0) + conventional tillage +
chemical weed control methods, in both crops in the topsoil. Concurrently, a lower proportion of
micro-aggregates was observed in plots treated with Palmarosa.+ FYM at 5t/ha + minimum
tillage + 1-live mulch and Palmarosa + FYM at 5 t/ha + vermi-compost at 1.0 t/ha + minimum
tillage + 2-live mulch. As compare to the whole soil the subsurface soil layer constituted the
highest proportion of small macro-aggregates, followed by the aggregates smaller than 53mm in
the topsoil. Plots treated with Palmarosa + FYM at.5 t/ha + vermi-compost at 1.0 t/ha + poultry
manure at 2.5 t/ha + minimum tillage + 3-live mulch had significantly more small micro-
aggregates compared to plots treated with Panicum + 100:60:40 (N: P,0s:K,0) + conventional
tillage + chemical weed control methods.in both soil layers. The treatment in which Palmarosa +
FYM at 5t/ha + vermi-compost at 1.0 t/ha + poultry manure at 2.5 t/ha + minimum tillage + 3-
live mulch plots exhibited significantly higher large macro-aggregates and showed the decrease
in aggregates of 'silt +.clay' size, compared to the T, plots in the topsoil.
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Fig. 1. Effect of application of FYM and inorganic fertilizers on distribution of water-stable

rice system (Tripathi et al., 2014)
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Aulakh et al. (2013) studied the distribution of macro-aggregates and micro-aggregates within
different size classes of soil layers under conventional tillage and conservation agriculture
systems and showed that the fraction of macro-aggregates (0.25 to > 2 mm ) was consistently
larger than that of micro-aggregates (0.11-0.25 mm) within the size class. Among the macro-
aggregates, the fraction ranging from 0.25 to 0.50 mm comprised the highest proportion,
followed by the 0.5-1.0 mm fraction, the 1.0-2.0 mm fraction, and finally, the fraction larger than
2 mm, which had the smallest proportion. These findings remained consistent for both the soil
layers such as 0-5 cm and 5-15 cm, regardless of whether the land was managed using
conventional tillage or conservation agriculture.

Impact on aggregate bound nitrogen and their fractions by long-term application of FYM
and fertilizer nitrogen

The integrated application of inorganic fertilizers with combination of erganic.-manures leads to
increase in both ammonical nitrogen and nitrate nitrogen over their:alone application. Increase in
inorganic forms of nitrogen with combined use of manure and fertilizers were also studied by
Manivannan and Sriramachandrasekharan (2009). Durani et al. (2016) reported that on available
nitrogen there is significant result of integrated application of inorganicand organic fertilizers irrespective
of soil depth. The available nitrogen concentration in surface soil (0-15 cm) layer is varied from 88.9
kg/ha to 147.1 kg/ha in control and in 100% NPK + farmyard manure treatment respectively. The
combined use of organic manures and recommended mineral fertilizers such as 100% NPK+ straw, 100%
NPK+ green gram and 100% NPK + FYM had significant effects on soil available nitrogen as compare to
alone application of inorganic fertilizers:like 100 % N, 100% NP and 100% NPK. Application of 100% N
or 100% NP treatments were showed nonsignificant impact in enhancement of nitrate nitrogen over the
control treatment and the addition of potassium with NP in treatment 100% NPK results in significant
increase in the concentration of nitrate nitrogen. The application of 50 % higher NPK, 100 % NPK+ straw
and 100 % NPK+ green gram increased nitrate nitrogen to 25.0, 27.8 and 29.4 mg/kg respectively and the
highest available nitrogen was found in the treatment in which integrated application of inorganic and
organic fertilizers such as 100 % NPK + farm yard manure, followed by 100 % NPK + green gram and
100 % NPK'+ straw. The ammonium form of inorganic nitrogen was comparatively low as compare to
the nitrate nitrogen and the highest concentration of nitrate nitrogen found in treatment in which
application of 100 % NPK + farmyard manure as compare to other combined use of inorganic and organic
fertilizers like 100 % NPK+ green gram and 100 % NPK + straw.



Table 1. Impacts of long-term application of integrated use of mineral fertilizers and organic
manures on depth wise distribution of available nitrogen (mg/kg) [Source Durani et

al.2016]
Depth(cm)

Treatments 0-15 15-30 30-45 45-60
Control 35.6e 32.4e 31.2e 29.2f
100%N 40.6d 39.3e 34.2d 33.0e
100% NP 42.6d 39.7e 34.3cd 32.9e
100%NPK 46.0c 41.0d 39.3cd 38.3d
150%NPK 46.3c 41.6¢ 42.0cde 39.3d
100%NPK+ 53.6b 45.6b 44.1bc 41.6¢
Straw

100%NPK+GM | 58.5a 49.5a 47.2ab 44.8b
100%NPK+FYM | 58.8a 50.9a 49.5a 48.6a

Table 2. Effects of long-term application of integrated use of mineral fertilizers and organic
manures on depth wise distribution of nitrate nitrogen (mg/kg) [Source Durani et al. 2016]

Depth(cm)
Treatments 0-15 15-30 30-45 45-60
Control 17.0d 9.6¢c1 8.3c 7.6b
100%N 20.6c¢d 17.5bc 17.5ab 8.3ab
100% NP 22.9bcd 19.4b 13.3b 10.2ab
100%NPK 21.3cd 21.7ab 17.2ab 12.5ab
150%NPK 25.0bc 20.8ab 17.5ab 12.5ab
100%NPK+ 27.8bc 23.8ab 15.2ab 13.0a
Straw
100%NPK+GM | 29.4b 24.5ab 18.2ab 13.2a
1009%NPK+FYM | 36.4a 28.8a 19.1a 13.2a




Shahid et al. (2017) studied the effect of organic and inorganic g=fertilization on
nitrogen fractions under 41 years in tropical rice soils and reported that macro-aggregates
contained more total nitrogen than micro-aggregates. At both depths, the portion of 5-2 mm size
had the highest total nitrogen content (0.27-1.45 g/ kg) while the fraction of 0.25-0.1 mm had the
lowest total nitrogen concentration (0.21-0.83 g/ kg). In comparison to the unfertilized control,
the integrated application of mineral fertilizers and organic manures increased the aggregate
bounded nitrogen by 0.43-1.00 g/kg and 0.09-0.44 g/kg in aggregate size fractions 5-2 mm and
0.25-0.1 mm respectively. Organic manures and residues that are added in the soil increase the
nitrogen content of the soil by protecting it chemically and physically ‘against. microbial
degradation. The application of FYM and crop root biomass (rhizodeposition), organic matter
and fertilizers have been added to the soil on a regular basis during the past 41,years, and the
building of nitrogen shows that nitrogen is physically protected within macro-aggregates. Sodhi
et al. (2009) revealed the impact of continuous application of compost on the cancentration of
available nitrogen in different aggregate size fractions and-found that macro-aggregates had
larger nitrogen content as compare to micro-aggregates.” The highest nitrogen concentration,
excluding control plots, was observed in the size range 1-2 mm fraction, and the content
decreased with the decrease in size of aggregates, with micro-aggregates having the lowest
nitrogen concentration. The incorporation of -organic and inorganic fertilizers leads to
improvement in nitrogen concentration across all size aggregate fractions, and the most
pronounced effect was shown in the 1-2 mm size fraction.and least pronounced in the 0.11-0.25
mm size fraction. Among the treatments, the highest increase in nitrogen content was observed
with the incorporation of 8 tons/ha of rice straw compost without rock phosphate, followed by
the continuous use of 2 tons/ha of compost and mineral fertilizer. The smallest increase was
observed with inorganic fertilizers alone. At wheat harvest, the increase in nitrogen content in the
1-2 mm size fraction ranged from 1.85 to 0.22 g/kg with the application of 2 tons/ha of compost
and mineral fertilizer. /At rice harvest, the corresponding increase ranged from 1.70 to 0.33 g/kg.
In contrast, fertilizer application.alone resulted in a lesser increase in nitrogen content, ranging
from 0.64 to 0.13 g/kg.at wheat harvest and 0.77 to 0.22 g/kg at rice harvest in the 1-2 and 0.11-
0.25 mm aggregate size fraction, respectively. Mustafa et al. (2020) reported the relationship
between <soil aggregate formation, soil aggregate stability, and aggregate bound nitrogen
concentration and.revealed that the soil aggregate size significantly influenced the concentration
of “‘aggregate-associated nitrogen. The significantly larger concentration for aggregate bound
nitrogen (0.66%) was found in > 250 um macro-aggregates, while the lowest concentration (0.09
g/kg) was found in micro-aggregates <53 um. The integrated application of inorganic fertilizer
and organic manure leads to the higher concentration of aggregate bound nitrogen as compare to
the control treatment and the treatment in which application of mineral fertilizer alone. This
effect was particularly notable in macro-aggregates larger than 250 um. For macro-aggregates
(>250 um), the nitrogen contents ranged from 0.21 to 0.66 g/kg under the control, mineral
fertilizer (NPK) alone and combined use of mineral and organic manures (NPKM) treatments,
respectively.In meso-aggregates (250-53 um), the nitrogen contents varied from 0.13-0.27 g/kg



under the different treatments. The lowest nitrogen contents were observed in micro-aggregates
of less than 53 um, ranging from 0.09 to 0.20 g/kg. Specifically, the incorporation of NPK and
NPKM results in a 62% and 214% increase in nitrogen concentration for macro-aggregates(>250
um), a 77% and 108% increase for meso-aggregates (250-53 um) and a 100% and 122% increase
for aggregates (< 53 um), compared to the control. Joseph et al. (2020) reported the effect of
biochar application on aggregate bound nitrogen in different aggregate size fraction and showed
that the content of aggregate bound total nitrogen in 0-10 cm soil depth, significantly effect by
biochar application in the 0.25-0.05 mm aggregate size fraction. The concentration of aggregate
bound total nitrogen in different biochar applied treatment such as in 10 t/ha, 20 t/ha and 30 t/ha
increased by 32.4%, 23.4 % and 33.5 %, respectively, as compare to the control. In 10-20 cm soil
depth, the aggregate bound total nitrogen in 2-0.5 mm aggregate size fractions in:10 t/ha, 20 t/ha
and 30 t/ha biochar application treatments ( as compare to control) increased significantly by
14.8%, 19.8% and 18.7% respectively, with no significant difference among the.treatments and
the aggregate bound total nitrogen concentration of 20 t/ha and 30 t/ha biochar application
treatments significantly higher by 26.9% and 17.7%, respectively, than.control in 0.25-0.05 mm
size of aggregates. Gautam et al. (2022) reported the effect of organic and mineral fertilizers on
soil aggregation, aggregate stability, and aggregate bound nitrogen in different size aggregate
fractions and showed that when compared to the-control. Organic manure treatment improves
aggregate bound total nitrogen content in most of the size fractions. Comparing the high manure
(HM; two time prescribed nitrogen rate) treatment to the control (no manure nor fertilizer), the
aggregate bound total nitrogen content increased in the size fractions of 4-8 mm, 2-4 mm, 0.5-
1mm, 0.25-0.5 mm. and 0.052-0.25 mm _by 66.5, 63.5, 62, 67, 48.5, and 53%, respectively.
Similar to the medium manure" (MM; application based on nitrogen requirement) treatment,
aggregate associated total nitrogen concentration rose by approximately 11.5, 21.5, 15, and 15%
in the 2-4 mm, 0.5-1 mm;, 0. 25-0.5 mm..and 0.052-0.25 mm aggregate size fraction compared to
the no manure nor fertilizer (CK). Comparing the low manure (LM; application based on
phosphorous requirement). treatment to the control (no manure nor fertilizer CK), the aggregate
bound total nitrogen content was greater in the 2-4 mm, 0.5-1 mm, 0. 25-0.5 mm aggregate size
fractions by 17.5%, 14%, and 18.5%, respectively.

Impact of long-term application of FYM and fertilizer nitrogen on nitrogen mineralization
pattern in different size soil aggregates

The mechanisms of soil nitrogen mineralization, which transform soil organic nitrogen
from soil organic matter into inorganic nitrogen with the aid of soil microorganisms and soil
animals, control the availability of nitrogen in to soil to a great extent (Chapin et al. 2011). The
integrated application of organic and inorganic fertilizers significantly influence the cumulative
nitrogen mineralization, according to research by Durani et al. (2016), adding organic manures
to mineral fertilizers over the long term considerably boosted the amount of mineral nitrogen in
the soil. In terms of statistics, the mineral nitrogen content in N (T2) and NP (T3) was equal. In
comparison to the T2 treatment, the incorporation of potassium with nitrogen, phosphorous as in



T4 and T5 significantly improved the mineralizable nitrogen (NO3-N + NH;"-N). Incorporation
of a greater dose of NPK did not result in any additional detectable increases in mineral nitrogen.
The combined use of inorganic and organic fertilizers such as 100% NPK+ straw, 100% NPK +
green gram and 100% NPK + FYM gives significantly better results as compare to alone
application of mineral fertilizers and control. The treatment using organic manure with the
highest mineral nitrogen concentration was 42.9 mg/kg and 36.9 mg/kg in treatments 100% NPK
+ FYM (T8) and 100% NPK + green gram (T7), respectively. When compared between T6, T7,
and T8 treatments the application of 100% NPK + FYM (T8) had significantly highest mineral
nitrogen levels. Integrated use of farmyard manure and 100% NPK leads to decrease in losses of
nitrogen from leaching, denitrification, and volatilization. The concentration.of mineral nitrogen
reduced as soil depth increased, similar to NOs--N. The mineral nitrogen in surface soil layer,
varied from 19.8 mg/kg in the control (T1) to 35.2 mg/kg in the 100% NPK+ FYM (T8). In the
deeper soil layers (30-45 cm and 45-60 cm), there was no discernible difference inthe mineral N
content between the treatments. Shahid et al. (2017) showed that the combined application of
organic and inorganic fertilizers resulted in significantly higher cumulative nitrogen
mineralization over control. The highest nitrogen mineralization was observed in the treatment in
which integrated application of organic and mineral fertilizers (NPK + FYM) as compared with
the rest of the treatments except N + FY M. The-eumulative nitrogen mineralization was highest
between 0 and 15 cm, and it declined as soil depth increased, it ranging from 36.5 to 45.4%
between 15 and 30 cm, 45.0 to 54.6 % between 30 and 45 cm, and 61.5 to 68.5 % between 45
and 60 cm above the surface depth. In' comparison to the other treatments, the integrated use of
NPK + FYM and N+ FYM considerably increased the nitrogen concentration in the soil,
especially at the 0-15 and 15-30 cm soil depths. Surface soil (0-15 cm) showed a larger
deposition of particulate organic nitroegen, which decreased at lower depths.

Table 3. Impact of long-term application of inorganic and organic fertilizers on depth wise
distribution of mineral nitrogen (mg/kg) [Source, Durani et al. 2016]

Depth(cm)

Treatments 0-15 15-30 30-45 45-60
Control 38.8f 29.4f 25.5e 21.5e
100%N 48.9e 40.8e 37.3ed 23.4de
100%NP 53.0de 43.7de 34.6d 26.0cde
100%NPK 53.3de 47.7de 41.4bc 28.7bcd
150%NPK 58.3cd 49.2cd 41.8bc 28.6bcd
100%NPK+ 64.0bc 55.6bc 41.1bc 29.4bc




Straw

100%NPK+GM | 67.3b 58.5ab 46.3ab 32.7ab

100%NPK+FYM | 79.2a 64.0b 51.5a 37.3a

Though it happened gradually, there was a drop of 22.0 to 28.6% under various treatments at a
depth of 15-30 cm as compared to the surface soil (0 to 15 cm), 29.4 to 42.1% at a depth of 30 to
45 cm, and 32.0% to 48.7% at a depth of 45 to 60 cm. In comparison to the other treatments,
plots receiving NPK + FYM had considerably increased microbial “biomass: nitrogen
concentration in both the surface (0-15 cm) and subsurface (15-60 cm) soil. In surface soil (0-15
cm), microbial biomass nitrogen concentrations ranged from 19.3'mg/kg in the T1 (control) to
36.0 mg/kg in the NPK+ FYM plot, whereas they ranging from-12.9 mg/kg.in the control to 21.9
mg kgl in the NPK + FYM plot, and from 7.4 mg/kg in the T1 (control) to 11.3 mg/kg. Bimuller
et al. (2016) reported the nitrogen mineralization in different size aggregate on days 0, 28, 56,
84, 112, 154, and 224 of the incubation. NH,"-N made for 61%-72% of the total nitrogen
mineralization concentration at 0 days. After that, there ‘was no longer any trend in the
ammonical nitrogen content, which fell to 10 %- 22% of total nitrogen mineralization. The total
nitrogen mineralization concentration, which is determined by adding the ammonical nitrogrn
and nitrate nitrogen concentrations, did.not exhibit any discernible trends during the incubation
period. The greater quantities were discovered. in the micro-aggregates, where the cumulative
mineralized nitrogen concentrations:ranged from 6.0 to 9.6 mg. Every sample's mineralized
nitrogen reached its lowest level after 224 days. The all aggregate size fractions showed a
substantial difference in the nitrogen mineralization. Additionally, there were notable differences
in the nitrogen mineralization per unit mass soil between bulk soil and coarse aggregates as well
as between bulk and recombined.bulk soil. Aulakh et al. (2013) studied the potentially
mineralizable nitrogen content after two years of the experiment and reported that in 0-5 cm soil
layer of conventional tillage system, 100% of recommended NP without crop residue (T2), 125%
of recommended NP without crop residue (T3) and 100 % NP + 10 t FYM/ha without crop
residue (T4). treatments significantly increased the potentially mineralizable nitrogen
concentration from 2.7 mg/kg/7d in control to 2.9, 3.9 and 5.1 mg/kg/7d without crop residue,
and to 6.9, 8.4 and 9.7 mg/kg/7d with crop residue (T6, T7 and T8), respectively. The increase of
potentially mineralizable nitrogen concentration under conservation agriculture system was from
3.6 mg/kg/7d in control to 3.9, 5.1 and 6.5 mg/kg/7d without crop residue and 8.9, 10.3 and 12.1
mg/kg/7d with crop residue.

Conclusion

The long- term application of farmyard manure and nitrogen fertilizers significantly enhanced
aggregate distribution, aggregate stability and soil aggregation. The integrated application of
both inorganic and organic fertilizers increased the proportion of macro-aggregates fractions as




compare with the singly application of inorganic fertilizers and the highest impact of fertilization
was found on the formation of macro-aggregates (>250 um). As like aggregate the addition of
organic materials with fertilization also enhances nitrogen levels and also helps in protect
nitrogen from losses through microbial degradation. The continuous application of organic
manures with inorganic fertilizers contributes to the physical preservation of nitrogen within
macro-aggregates, leading to improved nitrogen availability and stability in the soil. The process
of aggregates formation and aggregate stability play a crucial role in nitrogen storage, with larger
macro-aggregates showing higher nitrogen concentrations. The integrated application of organic
manures and mineral fertilizers enhances nitrogen storage in aggregates, especially.in macro-
aggregates (>250 um). The incorporation of organic and inorganic fertilizers also significantly
enhance the available aggregate bound nitrogen and cumulative mineralized: nitrogen. The
treatment with NPK (mineral fertilizers) combined with FYM (farmyard manure) showed the
highest cumulative nitrogen mineralization as compare to control. The highest cumulative
nitrogen mineralization occurred in the surface layer (0-15 cm) depth and decreased with
increasing soil depth. The study also highlights dynamic" nature of nitrogen mineralization in
different size aggregates during incubation. The concentrations of ammonical nitrogen and
nitrate nitrogen fluctuated over time, and fine aggregates exhibited higher mineralized nitrogen
concentrations compared to other fractions.
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