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Abstract
For reducing soil losses and improving soil quality, especially in arid and semiarid
regions, soil aggregate stability is a crucial metric, the main purpose of this study
was to compare the differences in soil aggregates between two crop cultivations.
This study aimed to evaluate the differences in aggregates among two different
crop cultivations (maize and mustard). Dry sieving techniques were used to
estimate macro and micro aggregate stability. Higher percentages of macro-
aggregate were detected in mustard crop cultivation at 56.56% and 52.53% at
soil depths of 0-10 and 10-20 cm, respectively. Compared to subsoil and maize
crop cultivations, mustard crops had higher mean weight and geometric mean
diameter of macro and micro aggregates at surface soil layers, at 3.87 and 1.99,
respectively. The formation and stability of macro and micro-aggregates were
positively correlated to soil organic matter concentration, total N, available P, and
available K. Mustard farming produced more soil organic matter than maize
cultivation in the 0-10 cm soil layer. The correlation matrix of numerous soil
indicators, such as nitrogen, phosphorus, potassium concentration, and aggregate
stability, demonstrated a positive and significant (p<0.05) relationship between
mean weight diameter, geometric diameter, and soil organic matter content and a
negative association was observed among the micro aggregate. In conclusion, crop
cultivation type influenced soil aggregation and size fraction distribution; small
fractions of aggregates assorted with fresh organic matter to generate large
fractions and higher soil organic matter concentrations were tightly connected with
macro-aggregate development. Thus, converting farms to forest and grassland could
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improve aggregate stability and reduce soil disturbances in dry and semiarid
regions with high erosion risk.

INTRODUCTION
A major interest has recently been created in
estimating soil's physic-chemical and biological
properties regarding crop production. The
degradation of cultivated land is a critical issue
worldwide, mostly in developing countries such as
Pakistan. Rapid deterioration raised several
environmental problems, particularly in arid and
semiarid regions of the world. The decline of organic
matter and nutrient contents commonly occurred
because of unceasing cropping patterns. Agriculture
is the backbone of Pakistan's economy and shares
14% of the GDP, and 42% of employment is directly
or indirectly involved in agriculture (Ababaki et al.,
2024; Ahmed et al., 2024). Balochistan province
covers 347,190 sq KM of the area of Pakistan, and
the province is divided into 36 districts, Awaran
occupied the 3rd position by area 29 51000 ha, with
21,518 ha of cultivated land, though the arable land
of the district is 71,520 ha, and available arable
potential cropping is only 26,213ha. Nitrogen,
phosphorus, and potassium are more important
nutrients for crop yield, fertility, and soil health than
calcium, magnesium, and sulfur. Fertility is the soil's
ability to supply nutrients at suitable levels.
Understanding soil's complex interactions of physical,
chemical, and biological variables is critical for
improving health and fostering agricultural
sustainability (Ren et al., 2016; Mengal et al., 2024).
Soil health is crucial to healthy agrarian ecosystems,
influencing crop growth, nutrient availability, and
environmental balance. Proteins and nucleic acids,
key components of plant tissues, mostly comprise
nitrogen and phosphorus. Nitrogen promotes plant
vegetative growth, while phosphorus produces
healthy blooms, buds, roots, and fruits. While
potassium benefits the plant's sustainability and
health, it is mostly involved in fruit development and
ripening. Generally, K influences harvested crop
yield quality (Muhammad et al., 2014). Furthermore,
for optimal crop plant growth, organic or inorganic
fertilizers should provide a suitable number of main
nutrients. Soil organic carbon (SOC) is an active part
of terrestrial systems and the biosphere (Kalhoro et
al., 2019). Organic manure improves soil fertility and
impacts soil structure, texture, aeration, and organic

carbon stock. SOC is important in increasing crop
output and lowering greenhouse gas emissions. Like
other soil qualities, SOC levels vary due to active
interactions between parent material, climate, and
geological history at the regional and continental
scales (Shang et al., 2015). Furthermore, landscape
features such as slope, aspect, elevation, and land use
may significantly impact SOC content in places with
homogeneous parent material and a single climate
regime (Lal, 2009). Crop and soil management
practices, such as crop species and crop rotation,
tillage applications, fertilizer rates, manure
applications, pesticide use, irrigation and drainage
methods and availability, and soil and water
conservation, all impact SOC content in cropland.
These strategies regulate SOC input from crop
residues, organic amendments, and SOC output
through gas decomposition and movement into
aquatic environments via leaching, runoff, and
erosion (Turner & Lambert, 2000). Conventional
tillage enhances aeration and breaks aggregate,
exposing physically protected SOM to microbial
attack and promoting soil loss through erosion
(Kalhoro et al., 2018; Reynolds, 2009; Kubar et al.,
2021). The features of SOC may be useful in
developing and evaluating process models and
monitoring the impact of land use regimes and
climate change on soil carbon reserves. SOM serves
as the foundation for soil dynamic behavior. It
supports healthy crop supply supplies for microbes
and other soil organisms while also regulating the
flow of water, air, and nutrients to plants (Bottinelli
et al., 2015). SOM can contain more than half of a
crop's nitrogen and a quarter of its phosphorus
requirements, greatly impacting fertilizer
requirements. The total amount and kind of SOM
varies by soil, land use system, and plant community.
This is critical for both creating SOM and reaping
the benefits of its degradation, such as nutrient
turnover, aggregate formation, and water storage
(Zhao et al., 2014; Franzluebbers, 2010). As a result,
the primary goal was to quantify the impact of
nutrient dynamic, organic carbon, and soil hydraulic
characteristics (dry stable aggregate) on the various
cultivated crops in the aware district of Balochistan.
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MATERIALS ANDMETHODS
The presented study was conducted in Korak of
division kalat. The district of Korak is located in the
south of Balochistan in the Kalat division, with 250-
03′ to 290-22′ north latitudes and 640-04′ to 660-15′
east longitudes. The study area is famous for the
cultivation of onion, melon, barely wheat, sorghum,
and fruits. The annual average temperature ranged
between 170C to 390C in winter and summer, with
high-speed windstorms commonly occurring from
May to July, while an average annual rainfall was
18.93 mm GOP in 2023.

Experimental design and crop management: In
2022-2023, the presented study was organized to
estimate the impact of different crop cultivation
(mustard and maize) on nutrient dynamics and
related soil properties, particularly on soil dry stable
aggregates within different size fractions. The main
objective of this study was to compare the nutrient
dynamics with irrigated and non-irrigated
traditionally cultivated field crops and their impact
on soil hydraulic properties. Soil core samples were
collected in triplicate from each field at 0-10 and 10-
20 cm intervals.

Data collection and soil sample processing: before
conducting the present proposed study, 2-3 visits
were organized to select the field for the present
research study. Collected soil and plant samples were
packed in the labeled polyethylene bags and
transported to the laboratory for further soil and
plant analysis to estimate the impact of organic and
inorganic fertilization on nutrient dynamics such as
nitrogen, phosphorous, potassium, calcium and
magnesium, and macro-aggregate (>0.5mm and 2-
5mm in diameter aggregates), micro-aggregate (1-
2mm, 0.5-1mm, 0.5-0.25mm and <0.25mm in
diameter) of dry soil sample. Initially, all type of roots
and dead plant material was separated from soil
samples, sieved through 0.2mm, and prepared the
1:20 (soil: water) for the analysis of EC (dSm-1), pH,
soil organic matter (%), available potassium, available
phosphorous, total nitrogen, exchangeable calcium
and magnesium (mg/kg) followed by international
methodology (Jackson, 2005).

Soil sampling process for aggregate stability
Dry aggregate stability, macro-aggregate, micro-
aggregate, mean weight diameter (MWD), and
geometric mean diameter (GMD) randomly core soil
samples were collected by using a stainless steel
cutting ring (20X12.5X6cm of length, width, and
height) within triplicates separately from each
allocated field of research study areas at both 0-10 cm
and 10-20 cm of the soil layers. Collected soil
samples were brought to the laboratory for additional
investigation; initially, all plant materials were
collected. The cleaned soil sample was placed on top
of the sieve analyzer (>5mm, 5-2mm, 2-1mm, 1-
0.5mm, and 0.5-0.25mm sieves) to determine the dry
aggregate stability. Each sample was separately placed
on the top of the sieve (>5 mm), and the fixed sieve
analyzer rotated at 270 rpm for 2-3 minutes. Sieved
samples were weighed on an electrical balance, and
the remaining weight of >5mm, 5-2mm for macro-
aggregate, and 2-1mm, 1-0.5mm, and 0.5-0.25mm for
micro-aggregate were calculated, as well as aggregate
stability, aggregate silt+clay (ASC%), clay dispersion
index (CDI%), clay flocculation index (CFI%), and
dispersion ratio (DR%) were calculated Bouyoucos
hydrometer Jackson, 2005; Oades, 1984.
ASC = %silt + clay calgon − %silt +
clay (water) (1)

DR %silt+clay (dispersed water)
%silt+ clay (dispersed calgon)

X 100 (2)

CDI = %clay (dispersed water)
%clay (dispersed calgon)

X 100 (3)

CFI =
%clay (dispersed calgon)−%clay(dispersed water)

%clay (dispersed calgon)
X 100 (4)

MWD = i=1
n XWi� (5)

MWD = mean weight diameter, where X is the mean
diameter of the aggregates remaining on the sieve,
Wi is the ratio of the persistent aggregate weight on
the sieve to the overall sample weight, and n is the
total number of sieves.

GMD = exp i=1
n Wilog Xi�

i=1
n Xi�

(6)

Geometric mean weight diameter, where Wi is the
total dry weight of the aggregates, n is the number of
sieves, and Xi is the mean diameter of aggregates over
each sieve size (Six et al., 2000).
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Statistical analysis
One-way (ANOVA) analysis of variance was carried
out to estimate the significant difference among the
crop cultivations and soil properties (Gomes, 1984).
Significantly differences among the crop cultivation
and soil properties were calculated by least significant
difference (LSD) with a 5% probability level by using
MS-Excel and Stat.

RESULTS AND DISCUSSIONS
Soil Characteristics before and after harvesting
The analysis results of soil EC (dSm-1), pH, and
textural class of two different cultivated lands are
presented in (Table 1). Results showed a non-

significant difference among the crop cultivations,
and in both soil layers, the soil was sandy loam to silt
loam in texture, medium in alkaline, and non-saline.
The mean maximum of soil EC 0.53 dSm-1 and 0.46
dSm-1, 0.28 dSm-1, 0.25 dSm-1 of maize and mustard
crop cultivation at 0-10 and 10-20cm of depths,
respectively, and pH ranged between 8.0 to 8.1 at
both crop cultivations and both soil layers. Mean
minimum EC (dSm-1) and pH were recorded at 0.25
dSm-1 and 7.9 in maize crop cultivation at 10-20cm
of soil depth (Table 1). It confirmed that the texture
of the study area was not affected by land use and
showed the homogeneity in processes.

Table 1. Basic soil characteristics of the research areas.
Note: Soil characteristics (EC, pH, organic matter,
and texture) are presented in triplicate with standard
error (±). Lowercase letters (a, b, and c) indicate
significant differences (p<0.05) between crop
cultivations and soil layers at 0-10cm and 10-20cm.

Impact of soil Organic matter and nutrients in the
arid climate
Table 2 presented the analysis results of soil organic
matter; results showed that the mean maximum of
organic matter of 1.09% was recorded in mustard
cultivation at 0-10 cm of the soil layer, while at 10-
20cm 0.81% was recorded (Table 2), whereas the
mean minimum among the crop and the soil layers
was 0.29% recorded in maize cultivation, overall the
trend was 1.09%, 0.755%, 0.99%, 0.69%, 0.81%,
0.42%, 0.795%, and 0.295% at both soil layers and
both crop cultivation mustard and maize respectively
(Table 2). The analysis results of nitrogen (N),
phosphorous (P), and potassium (K) are presented in
(Figure 1). Results showed a significant difference

among the crop cultivation and soil layers, at both
soil layers, mean maximums of N, P, and K were
0.51mgkg-1, 0.9%, 1.97%, 0.155mgkg-1, 0.64%, and
1.47% at 0-10 cm of the soil layer, whereas; the mean
minimum were 0.06mgkg-1, 0.45%, and 1.27% N, P,
and K at 10-20 cm of soil layer of maize cultivation
(Figure 1). The results indicated significant
differences among the crop cultivations and
differences within soil layers (Figure 1). Additionally,
the analysis results of calcium and magnesium
indicated the adequate available calcium and
magnesium at both soil layers and both crop
cultivations, mean maximum of available calcium
and magnesium was recorded in 273.5 mgkg-1 and
708.5 mgkg-1 in mustard cultivation (Figure 1),
whereas mean minimum 263.5 mgkg-1 and 647 mgkg-
1 was recorded in maize cultivation at 10-20 cm of
soil layer (Figure 1). The available soil nutrient
content and soil organic matter differed significantly
(p<0.05) between crop farming and within soil depth.
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Figure 1: shows the average of nitrogen mg/kg (N),
phosphorus % (P), potassium % (K), Ca (Calcium),
and Mg (Magnesium) in the soil of maize and
mustard in triplicate with standard error (±) at both
soil layers A 0-10cm and B 10-20cm, are considerably
varied (p<0.05) according to the different lowercase
letters (a, b, and c)

Impact of dry Aggregate Stability on soil Properties
The analysis results of aggregate stability of two
different crop cultivation are presented in (Figure 2).
The analysis results of dry aggregate stability of two
different crop cultivations are presented at both soil
layers for ASC, CDI, CFI, and DR (%) were 20.96,
23.76, 71.65, and 14.33 for mustard and 19.53,
29.58, 66.75, and 20.43 of maize cultivations at 0-

10cm of soil layer respectively. Whereas at 10-20 cm
of both crop cultivations ASC, CDI, CFI, and DR
(%) were recorded as 22.56, 24.74, 76.49, 24.11,
26.1, 20.29, 76.2, and 17.57 respectively of both
crop mustard and maize cultivation (Figure 2),
likewise; maize recorded greater CDI, and lower ASC
and CFI (%), indicating the limited soil aggregation
at surface soil layer compared to sub-surface, while; at
subsurface soil layer mean maximum of ASC and
CFI (%) were recorded in maize compared to
mustard crop cultivations (Figure 2). Overall, the
observed ASC, CDI, CFI, and DR (%) of crops at
both soil layers were significantly different between
crop cultivations but non-significant within soil
depth (Figure 2).
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Figure 2: The triplicate mean values with standard
errors (±) of ASC (aggregate silt+clay), CDI (clay
dispersion index), CFI (clay flocculation index), and
DR (dispersion ratio) % in maize and mustard at 0-
10cm and 10-20cm soil layers, the different alphabet
(a, b, and c) indicated significantly different (p<0.05).

Impact of macro-aggregate and micro-aggregate on
related soil properties
The analysis results of dry macro and micro aggregate
stability of two different crop cultivation are
presented in (Figure 3). The analysis results showed
that dry aggregate stability of two different crop
cultivation was significantly different among the crop
cultivation while the non-significant with soil layers,
mean maximum of macro-aggregate stability was
recorded in mustard at 10-20cm 58.31% of the soil
layer, while the minimum was recorded in maize

47.71% at 10-20cm of soil layers (Figure 3). On the
other side, the mean maximum micro-aggregate
stability is 52.29% at 10-20cm soil layer of maize
cultivations. The overall trends of both crop
cultivation and at both soil layers were recorded as
56.56%, 52.53%, 58.31%, 41.69%, 43.44%, 47.47%,
41.69%, and 52.29%, respectively. Additionally, the
analysis results of mean weight diameter (MWD) and
GMD (geometric mean diameter) are presented in
(Figure 3), results showed that the mean maximum
of MWD and GMD 3.87 and 1.99 were recorded in
mustard compared to maize 3.68 and 2.04 at 0-10cm
of the soil layer, whereas at 10-20cm of soil layers
3.81 and 2.17 of mustard cultivations, 3.23 and 1.81
of maize cultivations respectively, Overall, the MWD
and the GMD findings for both crops were
substantially distinct (p<0.05), although the results
within soil layers were non-significant (Figure 3).
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Figure 3: The mean of three replicates with standard
errors (±) for two distinct cultivations at 0–15 cm (A)
and 15–30 cm soil depth (B) for macro, micro
aggregate, MWD (mean weight diameter), and GMD
(geometric mean diameter), and the different
alphabet (a, b, and c) indicated the significantly
different (p<0.05).

Correlation matrix among the soil properties and
crop cultivations
The correlation matrix of dry aggregate stability and
associated soil properties is presented in (Figure 4).
Analysis showed that dry sieving of macro-aggregate
was significant (p<0.05) with nitrogen, phosphorous,
and potassium and soil organic matter, non-
significant with micro-aggregate, and negatively
significant with CDI and DR (%). Furthermore, soil

organic matter is significant with nitrogen (mg/kg),
phosphorus (%), and potassium (%) and negative
with micro-aggregates, CDI, and DR (%). It had
been noted that potassium has significant macro-
aggregates and phosphorous has highly significant
with macro-aggregates, and both were negatively
significant with micro-aggregates (Figure 4). MWD
and GMD were significant with nitrogen
phosphorous and potassium, while potassium was
non-significant with GMD (Figure 4). ASC% were
non-significant with nitrogen, phosphorous, and
potassium while negatively significant with soil EC
(dSm-1). The potassium in the soil was positively
correlated with nitrogen in the soil. Calcium and
Magnesium had a positive correlation among soil EC
and pH, while a negative correlation with ASC, CFI,
and DR (%) of soil properties (Figure 4).
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Figure 4: shows the correlation matrix between
several soil parameters, including SOM % (soil
organic matter), N (nitrogen) mg/kg, P
(phosphorous) %, K (potassium) %, Ca (calcium)
mg/kg, Mg (magnesium) mg/kg, macro and micro
aggregate, MWD (mean weight diameter), GMD
(geometric mean diameter), ASC, CFI, DR, CDI (%),
pH, and EC dSm-1 (electrical conductivity). The
different colors indicated the positive and negative
significant (p<0.05) correlation matrix among the
parameters.

DISCUSSION
Soil aggregate stability is a vital indicator of
minimizing soil losses and enhancing soil quality;
aggregate stability is critical for infiltration, root
growth, and resistance to water and wind erosion;
unstable aggregates dissolve during rainstorms.
Changes in aggregate stability can serve as early
indications of soil recovery or degradation, organic
matter content, biological activity, and nutrient
cycling (Somasundaram et al., 2016). Environmental
changes have a common effect on cultivated crops
and soil features, and soil microbes, the principal
source of soil decomposition, have a considerable
impact on soil physicochemical properties and the

production of soil aggregates (Liu et al., 2023). In
this study, two unique cultivated crops (mustard and
maize) were chosen that are frequently produced in
Balochistan's dry and semiarid zones, and it was
discovered that increasing the SOM% increased
aggregate stability (Table 2), which was corroborated
by Kalhoro et al., 2019. Similarly, SOM% declines
with increasing soil depth, although aggregate
stability rises (Table 2, Figure 3), as shown by (Guo et
al. 2019; He et al., 2019; Wen et al., 2016). Nitrogen
and phosphorus are required by plants in greater
quantities than other nutrients at various stages of
crop growth, while potassium is also vital for
physiological, metabolic, starch translocation,
photosynthesis, and enzyme activation. Soil organic
matter is an important factor for soil fertility and
crop productivity (Rodeni et al., 2024; Yu et al.,
2015); the observation of this study also suggests that
the increase of available N, available P, and K (Figure
1) could improve the mean weight diameter (MWD),
macro-aggregation, and ASC% in mustard compared
to maize crop (Figure 3); the findings were endorsed
(Liu et al., 2023; Kalhoro et al., 2018); Furthermore,
as soil depth increased, so did cultivated crop macro-
aggregate formation and ASC%, while SOM%
decreased. This might be attributable to dead plant
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waste, chemical fertilizer use, and microbial activity,
which was higher on the surface soil compared to the
subsurface layers (Figure 2). Previous research has
shown that soil organic matter becomes sensitive to
microbial assaults, and mineralization increases.
Mean weight diameter is an important soil metric for
assessing soil texture, preventing soil erosion, and
enhancing the production of dry, stable aggregate
(macro- and micro-aggregate). ASC% was observed at
mean maximum mean weight diameter values
(Figure 3), and the results were previously reported
(Yuan et al., 2021; Han et al., 2023). SOM and clay
have a direct link with mean weight diameter. Both
contribute significantly to the growth of macro-
aggregates, micro-aggregates, and ASC%, Kubar et al.
(2024) and Kalhoro et al. (2017) validated the results.
Soil organic matter is the principal constituent,
containing a variety of microbial activity (living and
dead organisms), decomposable SOM, and dead
plant material. As a result, SOM and soil aggregate
stability are two significant features that are closely
associated and frequently recognized as key markers
of soil quality (productivity), reducing soil erosion as
conditions improve (Kumar et al., 2024; Pereira et al.,
2023). Furthermore, maize farming had the lowest
SOM (figure), which might be linked to farmer
practices such as animal grazing, regular plowing, soil
degradation, and human activities (Nippert and
Knapp, 2007).

Conclusions
Based on the present study observations, our
findings showed that macro-aggregate and micro-
aggregate have a significant impact on soil properties
among both crop cultivations and soil depth (Figure
3). The availability of nitrogen, phosphorous, and
potassium has a significant impact on soil aggregate
stability. Our investigation found that N, P, K, and
OM considerably raised MWD, with OM greatly
accelerating the increase in the formation of ASC%,
CDI%, CFI%, and DR% (Figure 4) The study found
substantial (p<0.05) differences in soil
physicochemical parameters, including macro-
aggregate, ASC%, CDI%, N mgkg-1, P%, K%, and
SOM%, between the two cultivation methods
(Figure 2). Similarly, a negative correlation was found
between micro-aggregate, CDI%, N mgkg-1, P%, and
K% Figure 3). Finally, future studies should

concentrate on the diverse land-use and crop
cultivation strategies that use a combination of
organic and inorganic fertilization to decrease soil
loss, improve soil fertility, and increase crop yield for
sustainable agriculture.
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