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Abstract

Inappropriate land use can deplete nutrient contents of crop land that leads to reduce nutrient concentrations and productivity.
However, monitoring nutrient status of crop land can help producer take appropriate remedial measures before significant loss
occur productivity. The objective of study was to quantify the soil physicochemical properties under various cropping systems.
The study was undertaken on five cropping systems wheat-groundnut (W-G), wheat-rice (W-R), fallow- wheat/gram (F-W/G),
mix cropping (Mix C) and wheat-cotton(W-C) in Punjab Pakistan. Geo reference 470 soil samples were collected randomly to
investigate the soil bulk density gcm™ (BD), soil moisture % (SM), total organic carbon % (TOC), organic matter % (OM),
zinc (Zn), boron (B) and iron (Fe) as well as grain yield t/ha (GY). The findings of the classical analysis, cluster analysis,
PCA, correlation and interpolated maps showed a significant variation in soil characteristics, emphasizing the necessity of
focused nutrient management at particular areas to preserve soil fertility for sustainable crop production. Mean maximum
value (1.52 gem™) of BD was determined in soil under F-W/G cropping system while the minimum BD (1.26 gem®) was
observed in W-R cropping system. SM, TOC, OM, Zn and B was 40.4%, 59.37%, 54.71%, 65.45% and 45.45%, more in mix
cropping system compare with lowest values of fallow-wheat/gram cropping system while the Fe concentration was 58.35%
higher in W-R cropping system compare with least concentration of F-W/G cropping system. Comparing yield under five
cropping systems mix cropping shows highest yield which was 78.9% more than fallow-wheat/gram cropping. Maps of spatial
variability indicate that the research area's deficiencies were found from the southern to the northern regions. In conclusion,
mix cropping or addition of legumes in rotation can improve the soil nutrients status and also enhance the crop productivity.
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Introduction

Soil is an extremely complex ecosystem and a highly
valuable resource from an eco-centric and anthropocentric
perspective. Given its numerous vital purposes, soil is
without a doubt one of our most important and strategic
resources. These include: (i) providing food, fuel and fiber;
(ii) breaking down organic matter (such as dead plant and
animal material); (iii)) recycling vital nutrients; (iv)
detoxifying organic contaminants; (v) sequestering carbon;
(vi) controlling water quality and supply; (vii) providing
habitat for a wide variety of animals and microorganisms
(soil is an important reservoir of biodiversity); (viii) source
of raw materials (clay, sand, gravel) (Yang ef al. 2020). Soil
characteristics are the main contributors of agricultural
productivity and are impacted by a range of elements such

as climate, soil types, and agronomic techniques (Hijbeek et
al. 2019). By improving the physical, chemical, and
biological characteristics of the soil, adding more organic
material to agricultural operations can greatly increase soil
fertility (Gai et al. 2019).

Nutrient deficient soil is alarming around the world,
due to this fact many cultivars of important crops were
highly susceptible to low levels of major and minor
nutrients (Rehman and Adnan 2018). A number of factors
are involved in decreasing agriculture crop production in
Pakistan among which soil fertility finds its deserved place
(Khattak and Hussain 2007). Due to poor status of available
nutrients some of Pakistani soils are unable to support
optimum levels of crop productivity (Ahmed and Rashid
2003). The nutrients like nitrogen (N), phosphorus (P) and
potassium (K) are required in large and on regular basis to

To cite this paper: Fayyaz FA, I Aziz, M Ansar, M Akmal, Muslim, R Ahmed (2025). A multivariate approach to soil and crop yield under diverse
cropping system in Punjab, Pakistan. /nt/ J Agric Biol 33:330412. https://doi.org/10.17957/1JAB/15.2302

© 2025 The Authors. International Journal of Agriculture and Biology published by Friend Science Publishers, Faisalabad, Pakistan

This is an open access article under the terms of the Creative Commons Attribution License, which permits non-commercial use, distribution and reproduction

in any medium, provided the original work is properly cited



Fayyaz et al. / Intl J Agric Biol Vol 33, 2025

the crops and are referred as macro nutrients, while
micronutrients like Fe, B and Zn are required in smaller
amount as compared with macro nutrients and perform a
vital role in various physiological functions of crops.
Production and their relation to nutrition security and human
health has become more prevalent in recent years. Many of
the nutrients required for human health come from soil,
either from plants or from products of animals eaten by
humans (Shukla et al. 2017; Steffan et al. 2018).

Increasing agro-system productivity was the initial
goal of cropping systems, anticipates about cropping
systems' environmental sustainability have increased in
modern agriculture (Fargione ef al. 2018). Cropping
system's worth and efficiency are determined by a number
of elements, including the kinds of crops that are rotated
(Tiemann et al. 2015), the duration of the rotation (Bennett
et al. 2012), the farmland's agronomic history, and the soil's
properties (Bainard et al. 2017). Crop nutrient uptake and
water availability are influenced by the physical
characteristics and ecology of the soil (Giannitsopoulos et
al. 2019). A better soil structure can boost biodiversity,
water availability, nutrient and water recycling, and soil
porosity (Alaoui ef al. 2011). These improvements in soil
quality result into better growing conditions for crops. Soil
organic matter (SOM) plays a vital role in ecosystem
functionality, significantly contributing to soil sustainability
and productivity in cropping systems (Pankhurst et al.
2002). Soil organic carbon, a critical component of soil
quality, influences soil structure, nutrient availability, and
water retention (Ghorai et al. 2023).

Micronutrient deficiencies are common in semi-arid
and arid parts of the world, such as Pakistan's Indus plain.
Approximately 30-50% of farmed soils worldwide,
including Pakistan (Rashid et al. 2022), are predicted to
have deficits in Fe and Zn, respectively (Cakmak 2002).
More common micronutrient disorders in Pakistan include
zinc and boron limitations, which are being documented for
various field crops in practically every agro-climatic area of
the nation. Zinc shortage has affected more than 60% of
Punjab's soils, 21% of Khyber-Pakhtunkhwa's soils, 90% of
Sindh's soils, and more than 43% of Balochistan's soils (Zia
et al. 2006). Iron-deficient crops develop more slowly than
usual, and more prone to disease (Chatterjee et al. 2006).
Scarcities in micronutrients are associated with crops, as
well as different cultivars and kinds of soil. Previous studies
on Pakistan's alluvial calcareous soils have also shown that
Zn usage is necessary to maximize the yield of irrigated
crops (Ahmad et al. 2011; Rafique et al. 2012).

A key indicator of agricultural productivity, crop
production is always correlated with soil health. Keeping
high crop vyields while ensuring sustainable soil
management is a crucial area of intersection for agricultural
research and policy (Tahat et al. 2020; Koudahe et al.
2022). This study aims to clarify the impacts of different
cropping strategies on crop yields and soil attributes.
Additionally, the goal of this strategy is to highlight the

remarkable ability of specific farming system to raise
agricultural productivity and soil fertility. This study
contributes to the growing body of information on
sustainable agriculture by assisting legislators, agronomists,
and farmers in their endeavors to promote environmentally
conscious and productive agricultural systems.

Material and Methods
Site description

The study was carried out in the Punjab Provence between
year (2019-2021). Punjab is located in South Asia on the
northwest margin of the Indian plate. It is the second
biggest province in Pakistan, after Balochistan. In
addition to canal irrigation systems, the majority of the
province's terrain is ideal for agricultural. Punjab has a
varied climate with intense hot in the south and cold
temperatures in the north. While the Himalayan foothills are
located in the far north.

Data collection

A GPS meter was used to gather 470 soil samples at a depth
of 0 to 30 cm from five distinct cropping systems, and the
position of each sample was recorded as a latitude and
longitude value. After brief interview from farmers
regarding management practices, cultivation and rotations of
crops we should collect the sample where they following
cropping system more than 5 years. Sampling sites were
superimposed on the Punjab district map as shown in (Fig.
1), where the district shape file was collected from Survey
of Pakistan and maps were produced using GIS software
ArcMap (10.3.1) using the IDW interpolation approach.
Two to three subsamples from each location in every district
under various systems were used to create composite soil
sample. The soil samples were brought to the laboratory,
where they were air dried in the shade, pulverized, and
sieved through a 2 mm sieve then stored in plastic bags for
testing. The soil samples were carried out for
physicochemical characteristic. A core sampler was used to
measure the bulk density of the soil in situ using the core
method (Blake and Hartge 1986), Soil moisture percentage
were measured by gravimetric method from 0-30 cm depth
from all the study area, soil organic matter was measured
using the procedure outlined by (Walkley and Black 1934),
TOC (Nelson and Sommers 1982), ADTPA zin and iron
was  analysis using an  Atomic  Absorption
Spectrophotometer (Soltanpour and Schwab 1977). While
boron was measured by hot-water extraction procedure and
analysed by using Atomic Emission Spectrometry at a
wavelength of 440 nm (Bingham 1982). Yield data were
collected from one-meter square after successful completion
of each crop.
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Table 1: Statistical characterization of soil properties in different cropping system

Cropping Systems Descriptive statistic BD (gem™)  Moisture (%) OM (%)  TOC (%) Zn(mgkg) B (mgkg) Fe (mg/kg)
Wheat- Groundnut (N=79)  Minimum 1.24 11.62 0.14 0.06 0.07 0.016 0.88
Maximum 1.64 18.07 0.64 0.43 0.58 0.48 5.74
Mean 1.50 15.62 0.40 0.24 0.34 0.25 2.85
Std. Dev 0.26 1.55 0.14 0.095 0.14 0.15 141
CV% 17.18 9.96 35.15 39.58 41.18 60.00 49.47
Wheat-Rice (N=123) Minimum 0.84 12.08 0.21 0.13 0.12 0.16 4.48
Maximum 1.51 22.93 0.78 0.55 0.96 0.59 9.5
Mean 1.26 16.88 0.50 0.3 0.46 0.41 6.7
Std. Dev 0.17 2.69 0.11 0.08 0.18 0.09 1.55
CV% 13.60 15.93 22.55 26.67 39.13 21.95 23.13
Fallow- Wheat/ Gram (N=60) Minimum 1.27 8.24 0.06 0.01 0.02 0.01 1.13
Maximum 1.72 12.14 0.53 0.36 0.37 0.35 5.14
Mean 1.52 10.12 0.24 0.13 0.19 0.24 2.79
Std. Dev 0.11 0.96 0.11 0.07 0.09 0.08 1.34
CV% 7.22 9.50 46.89 53.85 47.37 3333 48.03
Mix Cropping (N=131) Minimum 0.97 12.53 0.26 0.16 0.25 0.15 2.03
Maximum 1.56 22.78 0.79 0.69 0.86 0.64 8.67
Mean 1.37 16.98 0.53 0.32 0.55 0.44 421
Std. Dev 0.15 2.62 0.13 0.11 0.15 0.12 1.56
CV% 10.96 15.44 24.76 3438 27.27 27.27 37.05
Wheat/ Cotton (N=77) Minimum 1.12 12.07 0.23 0.12 0.25 0.14 2
Maximum 1.62 21.52 0.80 0.53 0.79 0.56 743
Mean 145 16.56 0.49 0.28 0.49 04 4.14
Std. Dev 0.14 2.78 0.13 0.09 0.14 0.11 1.52
CV% 9.35 16.79 26.08 32.14 28.57 27.50 36.71
(N) is the number of samples. B.D (bulk density), O.M (organic matter), TOC (total organic matter), Zn (Zinc), B (Boron), Fe (Iron)
Multivariate analysis
Y PAKISTAN Study Area A

Descriptive statistics were used to evaluate the status of
basic soil traits by using SPSS (version 16) software. In
order to pertinent information extracted from the data.
Principal component analysis (PCA), hierarchical cluster
analyses (HCA) and correlation matrix these multivariate
statistical techniques, were applied using R software (R
Core Team 2016). The spatial variability maps were
produced using GIS software ArcMap (10.3.1) using the
IDW interpolation approach to accurately identify the
geochemical data's overall geographical distribution.

Results
Soil physical properties

Soil bulk density is the indicator of the soil structure
changes. The bulk density of soil samples collected from
various cropping systems were analyzed and results are
presented in (Table 1). The highest bulk density (1.52 gem™)
was recorded in soil under fallow- wheat/gram cropping
system followed by wheat-groundnut (1.50 gem™), wheat-
cotton (1.45 gem) and mix cropping system (1.37 gem™)
whereas, the lowest (1.26 gcm™) was observed in wheat-
rice cropping system. F/W-G cropping system has
1.82%, 4.56%,10.22% and 17.60% higher value of bulk
density as compared to W-G, W-C, Mix C and W-R
cropping system.

Data pretended in (Table 1), shows soil moisture
percentage under different cropping system of Punjab.
Difference between cropping system ranges from (8.24% to

‘Wheat-Groundnut
Wheat-Rice

HASAN AREALMY

Wheat-Cotton,

[ Rice-Wheat
[ Groundnut-Whez
[ Cotton-Wheat
[ Mix Cropping

Fallow-Gram/Wh

Fig. 1: Site map of study area under different cropping system of
Punjab

22.93%). Highest mean soil moisture (16.98%) percent was
noted in mix cropping system which was followed by
wheat-rice (16.88%), wheat-cotton (16.56%) and wheat-
groundnut (15.62%) cropping system in contrast fallow-
wheat/gram has lowest (10.12%) soil moisture percentage.

Soil chemical properties

Soil organic matter indicates the structural formation,
nutrient retention, biomass carbon and mineralization
processes. Difference in organic matter percentage under
cropping system varied from (0.06% to 0.80%) (Table 1).
Mix cropping system with an average of (0.53%) OM was
at 1 position, remaining at par with wheat-rice (0.50%) and
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Yield (t/ha)

Cropping System

Fig. 2: Yield (t/ha) in different cropping systems(CSY), wheat-
groundnut (W-G), wheat-rice (W-R), fallow-wheat/gram (F-
W/G), mix cropping (Mix C) and wheat-cotton (W-C)

wheat-cotton cropping system (0.49%), which was 24.15%
to 53.91% more amount of organic matter as compared to
wheat- groundnut (0.40%) and fallow- wheat/gram cropping
system (0.24%), respectively. Total organic carbon indicates
soil respiration, soil nutrient source and sink, gaseous fluxes
and biomass carbon processes. Difference TOC between the
cropping systems were in range of (0.01 to 0.69%) Table 1.
The average higher total organic carbon (0.32%) was
recorded in soil under mix cropping system followed by
wheat-rice (0.30%), wheat-cotton (0.28%) and wheat-
groundnut (0.24%) while low amount of total organic
carbon content was recorded in fallow-wheat/gram (0.13%)
cropping system. Mix cropping system has 6.25%, 12.5%,
25% and 59.37% more total organic carbon content as
compared to wheat-rice, wheat-cotton, wheat-groundnut and
fallow-wheat/gram cropping system respectively.

Soil fertility status

Zinc (Zn) is essential element for plants, livestock and
human. The variation between the different cropping system
were ranges from (0.02 to 0.96 mg kg!) (Table 1). Higher
mean value (0.55 mg kg!) of available zine in soil was
examine in mix cropping system, which was at par with
wheat- cotton (0.49 mg kg™!), wheat-rice (0.46 mg kg™!) and
wheat-groundnut (0.34 mg kg'). In contrast the fallow-
wheat/ gram cropping system have minimum mean value
(0.19 mg kg') of available zine in soil. Boron (B) is
important micronutrient for growth and development of
plant. Result interpreted in (Table 1). shows the soil
available boron in different cropping system of Punjab. The
difference between cropping system for soil boron was

range from (0.01 to 0.64 mg kg!). Mix cropping system has
(6.82%), (9.09%), (43.18%) and (45.45%) more soil
available born than wheat- rice, wheat- cotton, wheat-
groundnut and fallow- wheat/gram cropping system. Iron
play important role in metabolic processes. Iron
concentration in soil was examine under different cropping
system of Punjab with range from (0.88 to 9.5 mg kg!) data
pretended in (Table 1). The mean iron concentration (6.7
mg kg!) in soil was higher under wheat-rice cropping
system, followed by mix cropping (4.21 mg kg!), wheat-
cotton (4.14 mg kg') and wheat- groundnut (2.85 mg kg™'),
while the lowest (2.79 mg kg) iron concentration of soil
was noted in fallow- wheat/ gram cropping system.

Crop yield

Yield was calculated for various crops under different
cropping systems of Punjab ranges from 2.12 to 10.61 t/ha
presented in (Fig. 2). Highest mean yield (10.14 t/ha) was
determined in mix cropping system which was followed by
wheat-rice cropping system (6.86 t/ha). Whereas, lowest
yield (2.13 t/ha) was recorded in fallow- wheat/gram
cropping system. Mix cropping system have (78.9, 71.9,
50.3 and 31.6%) more yield from F-W/G, W-G, W-C and
W-R cropping system.

Multivariate analysis

The distribution map of soil physical properties (bulk
density, soil moisture) and chemical properties (organic
matter, total organic carbon, available zinc, available iron
and boron) were shown in (Fig. 3). Increasing BD from
north to west and southern part of study area. While
decreasing trend was observed towards the eastern and
central part of the study area (Fig. 3a).

Based on the map of soil moisture percentage the
amount was higher toward the cultivated area where surface
irrigation can apply, this trend was noted toward the eastern to
central followed by southern part of the study area (Fig. 3b).
Whereas, low soil moisture percentage was determined
toward the north-west part of study area which was reliable
on rainfall. According to map increase in organic matter was
seen in the center followed by eastern and southern part of
study area (Fig. 3c). While the decreasing trend was observed
from north to western side. The spatial distribution map of
TOC concentration was higher towards center to eastern and
southern side of study area. Whereas, lowest concentration
was seen towards the western part of study area (Fig. 3d).

Micronutrient Zn concentration map was shown in
(Fig. 3e). which includes highest concentration of Zn from
center toward the southern part of the study area. Whereas
western part shows the lowest concentration of the soil Zn.
Spatial distribution map shows higher accumulation of boron
in the center whereas, least difference had been observed in
eastern and southern part of the study area. While the lowest
concentration of B was seen towards the western side (Fig.
3f). Variability map shows greater amount of Fe towards the

4
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Fig. 3: Spatial varability maps of soil. a) bulk density (BD), b) soil moisture (SM %), ¢) organic matter (OM %), d) total organic carbon
(TOC %), e) zinc (Zn), f) Boron (B), g) Iron (Fe) under different cropping system of Punjab

eastern part which was at par with center and southern part of
the study area (Fig. 3g). While the less amount of Fe was
seen toward the western side of study area.

Cluster analysis is comprised of a multivariate methods
series that are used to find true groups of data or stations,
grouping samples on the basis of their similarities. The result
of the Q-mode cluster analysis can be displayed in a tree like
structure, called a dendrogram. The dendrogram obtained
from the agglomerative hierarchical clustering (AHC)
showed that all investigated cropping systems were grouped

into different clusters (Fig. 4). The AHC has highlighted 2
large main cluster A and B. Cluster A include samples
located in the western Punjab area, which corresponds to a
well-defined and narrow sector. These samples are
characterized by the low values of soil nutrients. While all
other area was group into Cluster B. Three cluster of lower
hierarchical order may be recognized in cluster B (2, 3 and
4). Sample group B4 considered as distinct sub environment.
Cropping system C4 and C5 in sub group B4 have minimum
differences due to least values of divergence.
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Fig. 4: Dendogram of soil properties and yield under different
cropping system of Punjab. Here C shows the cropping systems,
C1 (wheat- groundnut), C2 (wheat-rice), C3 (fallow- wheat/gram),
C4 (mix cropping) and C5 (wheat-cotton)
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Fig. 5: Correlation between soil properties bulk density (BD), soil
moisture (SM), organic matter (OM), total organic carbon (TOC),
zinc (Zn), boron (B), iron (Fe) and yield under different cropping
system of Punjab

The correlation matrix for soil parameters in different
cropping system reveals significant interactions with crop
yield as well as soil properties (Fig. 5). Soil parameters i.e,
soil moisture, organic matter, total organic carbon,
available zinc, boron and iron show positive correlation
with crop yield. While bulk density was only soil
parameter that shows strong negative correlation with
yield. Among soil properties significant correlation was
observed except bulk density.

Table 2 shows the principal component analysis
(PCA) that group into five principal components (PC) with
eigen value greater than one. The eigenvalue PC1, PC2,
PC3, PC4 and PC5 are 6.62, 849, 4, 1.23 and 3.31
respectively that shows greater variability in soil properties
and crop yield among cropping systems. The final analysis
only took first two PCs in consideration which accounts

Table 2: Results of principal component analysis of soil
properties and crop yield under different cropping systems of
Punjab

Principal component, (PC) PC1  PC2  PC3 PC4 PC5

Eigenvalue 6.62 849 400 123 331
Variance percent 828 1.06 501 154 4.14

CSY Grou

[*] Fwic

Mix C
" we
w-G

W-R

PC1 (82.8 %)

Fig. 6: Principal component analysis (PCA) bi-plot of soil
properties bulk density (BD), soil moisture (SM), organic matter
(OM), total organic carbon (TOC), zinc (Zn), boron (B), iron (Fe)
and yield under different cropping system wheat- groundnut (W-
G), wheat-rice (W-R), fallow- wheat/gram(F-W/G), mix cropping
(Mix C), wheat-cotton (W-C) of Punjab

93.4% total variability (Fig. 6). First PCA explained 82.8%
of total variance with highest contribution from iron and
boron, whereas, F-W/G cropping system adversely
positioned on PC1 can be differentiated by their higher bulk
density or other soil and yield parameters. Whereas, the
cropping systems (wheat-groundnut, mix cropping and
wheat-cotton) were distributed along in PCl1 which
indicated variation in soil properties and crop yield. The
second PCA accounted 10.6% of total variation. The
variables i.e. OM, TOC, Zn and crop yield shows moderate
correlation among cropping systems and a close clumping at
the origin which reflect equal contribution.

Discussion

The geographic variability of soil is determined by a
combination of inherent characteristics such as parent
material and soil texture, as well as external factors such as
previous field management (Long et al. 2018). Crop
management measures such as fertilization, irrigation timing
and rate, as well as crop rotation system, all have a
substantial impact on the geographical distribution of soil
attributes. According to long term research, cropping
systems influence soil characteristics intensify with time
(Sainju et al. 2022).

The physical integrity of soil is compromised by
compaction, which alters porosity and prevents the
movement of gases, water, and nutrients as well as the
growth of roots in the soil profile (Zijian et al. 2024). In our

6
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study bulk density was higher in fallow/wheat-gram
cropping system while lowest BD was observed in W-R
cropping system. Zhao et al. (2018) reported that more
residue incorporation can decrease the bulk density of soil.
Same finding was reported by (Xu et al. 2018). Higher
amounts of organic carbon can result in lesser soil BD in
some cases because of its lower particle density than
mineral particles (Logsdon and Karlen, 2004). Soil Organic
matter is essential for agricultural production systems to
remain resilient, restore ecosystem services, and sustain soil
health (Bhatt et al. 2023). Organic matter was lower in most
of Pakistan soil due to which nutrients were low in soil.
Organic matter is rapidly lost when input is reduced
(Salahin et al. 2017). Therefore, the difference in organic
matter in different cropping system might be due to
difference in input rate. Cover crops and leguminous crop
rotations can greatly raise soil carbon input and SOM
concentrations (King and Blesh 2018). Similar findings
were also reported by (Yousra et al. 2023).

Heterogeneous cropping has been determined to be an
essential management technique for improving arable land
quality and boosting soil organic carbon storage (Chen et al.
2024). Total organic carbon was higher under mix cropping
system. Higher biomass of maize under mix cropping
system than W-R system as well as more residue recycling
also contributed to higher TOC in soil (Chen ef al. 2014).
Disturbs/breaks soil aggregates and increases soil
temperature and soil organic matter decay which results in
decline of soil C content (Aziz ef al. 2013). TOC level could
be attributed largely to root biomass. Zinc was 1st known
essential element for crops, humans and livestock Ali et al.
(2024) in spite of these knowledge zinc its deficiency still
exist now. Most of soil Zn in our study area were low to
medium in range. Our result is in line with (Perveen et al.
2010) and (Nazir et al. 2021). However, in Pakistan, Zn
shortage is regarded as the third most important crop
nutrition issue. Joy et al. (2017), also the alkaline pH and
poor organic matter of Pakistani soils contribute to Zn
insufficiency (Rafique et al. 2015).

Higher plants require the trace element boron (B) for
healthy physiology (Zaib 2024). Boron was low to medium
in range under different cropping systems. Most soil in
Pakistan were deficient in soil B. Our result was lined with
Ahmad et al. (2017) who reported a far reaching
insufficiency in Pakistani soil. There is a considerable
danger of B deficiency in our crops because Pakistani soils
are calcareous, with a high prevalence of free carbonates, a
high pH, and low organic matter contents, all of which are
related with low soil B availability to plants (Rafique et al.
2012). Soil iodine content shows balance between iodine
inputs, which are frequently obtained from precipitation and
marine sources, and outputs from crop uptake and leaching
(Fuge and Johnson 2015). On the other hand, soil conditions
can affect how much iodine is retained in the soil (Dobosy
et al. 2020). Fe were low to medium and adequate in range
under different cropping system of Punjab Pakistan, our

result was lined with Arain et al. (2017) who reported
sufficient iron in Pakistani soil. However, due to the high
pH and calcium concentration, iron availability in alkaline
calcareous soil is limited (Ahmad et al. 2014).

Conclusion

Knowledge of cropping systems and the most distinctive
intrinsic soil characteristic on soil health indicators are
necessary to comprehend how agricultural management
affects soil functioning. Selected area for study in Punjab
was deficient in macro and micronutrients. It has been
observed that there is greater variability in soil even within
same cropping systems. Soil status under different cropping
systems of Punjab province shows the relationship between
soil health and crop yield. Mix cropping system was
environmentally friendly for existing cropping system in
Punjab province. Soil nutrient maps for different cropping
system were designed. It helps in future planning and give
awareness to the different stake holders about the ongoing
scenario. Cultivation of short duration leguminous crop is
highly recommended to overcome the deficiency of macro
as well as micronutrients. In order to enhance crop yield and
improve soil quality it is necessary to counter check soil
fertility after 2 to 3 years.

Acknowledgements

The authors thank the individual who helped in data
collection and analysis

Author Contribution

Fahad Ali Fayyaz, prepared the overall manuscript,
contributed significantly to the data analysis and
interpretation of the results and substantially to the
conceptualization of the study; Irfan Aziz, designing survey
methodology, interpretation of results and critical review of
whole manuscript; Muhammad Akmal, review and editing
the whole manuscript; Muhammad Ansar, critical review of
whole manuscript; Rafique Ahmed, data collection; muslim
data analysis; Abdullah A. Alarfaj and Sulaiman Ali Alharbi
Funding; Yawen Zeng, review whole manuscript.

Contflict of Interest
The authors declare that they have no competing interests.
Data Availability

Data presented in this study will be available on a fair
request to the corresponding author.

Ethics Approval

Not applicable.



Fayyaz et al. / Intl J Agric Biol Vol 33, 2025

References

Ahmad AUH, R Ali, S I Zamir, N Mahmood (2011). Growth, yield and
quality performance of cotton cultivar bh-160 (Gossypium hirsutum
L.) as influenced by different plant spacing. J Anim Plant Sci
19:189-192

Ahmad B, MM Anjum, N Ali, BU Din, S Ullah, A Sohail, R Khan (2017).
Physiochemical characteristics of some important soil series of
dargai Khyber pakhtunkhwa Pakistan. /n#/ J Environ Sci Nat Resour
6:80-85

Ahmad F, MA Magsood, T Aziz, MA Cheema (2014). Water soluble iron
(Fe) concentration in alkaline and calcareous soils influenced by
various Fe sources. Pak J Agric Sci 51417421

Ahmed N, M Rashid (2003). Fertilizer Use in Pakistan. National Fertilizer
Development Corporation, Planning and Development Division,
Islamabad, Pakistan

Alaoui A, J Lipiec, HH Gerke (2011). A review of the changes in the soil
pore system due to soil deformation: A hydrodynamic perspective.
Soil Till Res 115-116:1-15

Ali M, M Sharif, I Ahmed (2024). Enhancement of Wheat Productivity and
Zinc Accumulation Through Integrated Use of Zinc and Beneficial
Microbes Under Irrigated and Rainfed Conditions. Commun Soil Sci
Plant Anal 55:517-528

Arain MY, KS Memon, MS Akhtar, M Memon (2017). Soil and plant
nutrient status and spatial variability for sugarcane in lower Sindh
(Pakistan). Pak J Bot 49:531-540

Aziz 1, T Mahmood, KR Islam (2013). Effect of long term no-till and
conventional tillage practices on soil quality. Soil Till Res 131:28-35

Bainard LD, BA Navarro, C Hamel, K Braun, K Hanson, Y Gan (2017).
Increasing the frequency of pulses in crop rotations reduces soil
fungal diversity and increases the proportion of fungal pathotrophs in
a semiarid agroecosystem. Agric Ecosyst Environ 240:206e214

Bennett AJ, GD Bending, D Chandler, S Hilton, P Mills (2012). Meeting
the demand for crop production: the challenge of yield decline in
crops grown in short rotations. Biol Rev 87:52-71

Bhatt R, P Singh, D Majumder, G Kaur (2023). Climate-smart technologies
for reducing water footprints in different cropland ecosystems: A
meso analysis. Proc Ind Natl Sci Acad 89:15-36

Bingham FT (1982). Boron. In: Methods of Soil Analysis Part-2 Chemical
and Mineralogical Properties. Page AL, MH Miller, DR Keeny
(Eds.). American Society of Agronomy, Madison, Wisconsin, USA

Blake GR, KH Hartge (1986). Bulk density. /n: Methods of Soil Analysis,
Agronomy No. 9, 2™ edn, pp:363-375. Klute A (Ed.). American
Society of Agronomy, Madison, Wisconsin, USA

Cakmak I (2002). Plant nutrition research: Priorities to meet human needs
for food in sustainable ways. Plant Soil 247:3-24

Chatterjee C, R Gopal, BK Dube (2006). Impact of Fe stress on biomass,
yield, metabolism and quality of potato. Sci Hortic 108:1-6

Chen J, Z Shi, YG Tian, HR Li, HX Duan, J Cheng, ZH Qin, YP Dang, X
Zhao, H Zhang (2024). From growth to decline: The dynamic impact
of diversified cropping on soil organic carbon storage in Northeast
China. SSRN: Available at: https://ssrn.com/abstract=4959247

Chen X, Z Cui, M Fan, P Vitousek, M Zhao, W Ma, F Zhang (2014).
Producing more grain with lower environmental costs. Nature
514:486-489

Dobosy P, V Vetési, S Sandil, A Endrédi, K Kropfl, M Ovari, T Takacs, M
Rékasi, G Zaray (2020). Effect of irrigation water containing iodine
on plant physiological processes and elemental concentrations of
cabbage (Brassica oleracea L. var. capitata) and tomato (Solanum
Iycopersicum L.) cultivated in different soils. Agronomy 10:720

Fargione JE, S Bassett, T Boucher, SD Bridgham, RT Conant, SC Cook-
Patton, BW Griscom, (2018). Natural climate solutions for the
United States. Sci Adv 4:eaat1869

Fuge R, CC Johnson (2015). Iodine and human health, the role of
environmental geochemistry and diet, a review. Appl Geochem
63:282-302

Gai X, H Liu, J Liu, L Zhai, H Wang, B Yang, Q Lei (2019). Contrasting
impacts of long-term application of manure and crop straw on
residual nitrate-N along the soil profile in the North China Plain. Sci

Total Environ 650:2251-2259

Ghorai PS, S Biswas, TJ Purakayastha, N Ahmed, TK Das, R Prasanna, S
Das (2023). Indicators of soil quality and crop productivity
assessment at a long-term experiment site in the lower Indo-Gangetic
plains. Soil Use Manage 39:503-520

Giannitsopoulos ML, PJ Burgess, RJ Rickson (2019). Effects of
conservation tillage systems on soil physical changes and crop yields
in a wheat—oilseed rape rotation. J Soil Water Conserv 74:247-258

Hijbeek R, AA Pronk, MK Van Ittersum, A Verhagen, G Ruysschaert, J
Bijttebier, HFM Berge (2019). Use of organic inputs by arable
farmers in six agro-ecological zones across Europe: Drivers and
barriers. Agric Ecosyst Environ 275:42-53

Joy EJ, W Ahmad, MH Zia, DB Kumssa, SD Young, EL Ander, MR
Broadley (2017). Valuing increased zinc (Zn) fertiliser-use in
Pakistan. Plant Soil 411:139-150

Khattak RA, Z Hussain (2007). Evaluation of soil fertility status and
nutrition of orchards. Soil Environ 26:22-32

King AE, J Blesh (2018). Crop rotations for increased soil carbon:
Perennially as a guiding principle. Ecol Appl 28:249-261

Koudahe K, SC Allen, K Djaman (2022). Critical review of the impact of
cover crops on soil properties. Intl Soil Water Conserv Res 10:343—
354

Logsdon SD, DL Karlen (2004). Bulk density as a soil quality indicator
during conversion to no-tillage. Soil Till Res 78:143-149

Long J, Y Liu, S Xing, L Qiu, Q Huang, B Zhou, L Zhang (2018). Effects
of sampling density on interpolation accuracy for farmland soil
organic matter concentration in a large region of complex
topography. Ecol Indic 93:562-571

Nazir Q, X Wang, A Hussain, A Ditta, A Aimen, I Saleem, N Panpluem
(2021). Variation in growth, physiology, yield, and quality of wheat
under the application of different zinc coated formulations. App! Sci
11:4797

Nelson DW, LE Sommers (1982). Total carbon, organic carbon, and
organic matter. In: Methods of Soil Analysis: Part 2 Chemical and
Microbiological Properties, 2" edn., pp:579-595. ASA-SSSA,
Madison, Wisconsin, USA

Pankhurst C, C Kirkby, B Hawke, B Harch (2002). Impact of a change in
tillage and crop residue management practice on soil chemical and
microbiological properties in a cereal-producing red duplex soil in
NSW, Australia. Biol Fert Soils 35:189-196

Perveen S, Z Malik, W Nazif (2010). Fertility status of vegetable growing
areas of Peshawar, Pakistan. Pak J Bot 42:1871-1880

R Core Team (2016). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria

Rafique E, M Hassan, A Rashid, MF Chaudhary (2012). Nutrient balances
as affected by integrated nutrient and crop residue management in
cotton wheat system in Aridisols. I. Nitrogen. J Plant Nutr 35:591—
616

Rafique E, M Yousra, M Hassan, S Sarwar, T Tabassam, TK Choudhary
(2015). Zinc application affects tissue zinc concentration and seed
yield of pea (Pisum sativum L.). Pedosphere 25:275-281

Rashid A, M Zia, W Ahmad (2022). Micronutrient Fertilizer Use in
Pakistan: Historical Perspective and 4R Nutrient Stewardship. CRC
Press, Boca Raton, New York, USA

Rehman A, M Adnan (2018). Nutritional potential of Pakistani medicinal
plants and their contribution to human health in times of climate
change and food insecurity. Pak J Bot 50:287-300

Sainju UM, D Liptzin, D Jalal (2022). Relating soil physical properties to
other soil properties and crop yields. Sci Rep 12:22025

Salahin N, K Alam, AI Mondol, MS Islam, MH Rashid, MA Hoque (2017).
Effect of tillage and residue retention on soil properties and crop
yields in wheat-mungbean-rice crop rotation under subtropical humid
climate. Open J Soil Sci 7:1-17

Shukla AK, NK Sinha, PK Tiwari, C Prakash, SK Behera, NK Lenka, S
Siddiqui (2017). Spatial distribution and management zones for
sulphur and micronutrients in Shiwalik Himalayan region of India.
Land Degrad Dev 28:959-969

Soltanpour PN, AP Schwab (1977). A new soil test for simultaneous
extraction of macro-and micro-nutrients in alkaline soils. Commun
Soil Sci Plant Anal 8:195-207



Modeling Crop yields in Diverse Cropping / Intl J Agric Biol Vol 33, 2025

Steffan, JJ, EC Brevik, LC Burgess, A Cerda (2018). The effect of soil on
human health: An overview. Eur J Soil Sci 69:159-171

Tahat MM, KM Alananbeh, YA Othman, DI Leskovar (2020). Soil health
and sustainable agriculture. Sustainability 12:4859

Tiemann LK, AS Grandy, EE Atkinson, SE Marin, MD McDaniel (2015).
Crop rotational diversity enhances belowground communities and
functions in an agroecosystem. Ecol Lett 18:761-771

Walkley A, IA Black (1934). An examination of the Degtjareff method for
determining soil organic matter, and a proposed modification of the
chromic acid titration method. Soil Sci 37:29-38

Xu X, D Pang, J Chen, Y Luo, M Zheng, Y Yin, Z Wang (2018). Straw
return accompany with low nitrogen moderately promoted deep root.
Field Crops Res 221:71-80

Yang T, KHM Siddique, K Liu (2020). Cropping systems in agriculture and
their impact on soil health-A review. Glob Ecol Conser 23:e01118

Yousra M, Q Hussain, KS Khan, M Ansar, S Sarwar, MZ Khan (2023). Soil
Organic Carbon Pools in Benchmark Soils of Punjab, Pakistan.
Commun Soil Sci Plant Anal 54:571-585

Zaib M (2024). Poron nutrient for sustainability of plant growth and soil
health: A review with future prospects. Intl J Contemp Iss Soil Sci
3:912-931

Zhao H, AG Shar, S Li, Y Chen, J Shi, X Zhang, X Tian (2018). Effect of
straw return mode on soil aggregation and aggregate carbon content
in an annual maize-wheat double cropping system. Soil Till Res
175:178-186

Zia MH, R Ahmad, I Khaliq, A Ahmad, M Irshad (2006). Micronutrients
status and management in orchards soils: applied aspects. Soil
Environ 25:6-16

Zijian, LG, WG Yifei, SN Baoru, TA Xiaoyan, JIN Kemo (2024). Impact of
mechanical compaction on crop growth and sustainable agriculture.
Front Agric Sci Eng 11:243-252



