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ABSTRACT

Background: Understanding the complex relationship between soil characteristics and crop production is crucial for sustainable
agriculture practices. Soil physicochemical properties such as pH, electrical conductivity (EC), organic matter (OM) and nutrient
content (e.g., NPK) significantly influence crop yield. Additionally, the application of straw mulch can impact soil moisture retention,
there by affecting crop growth and productivity. Intercropping system offers potential advantages in terms of water use efficiency
(WUE) and productivity compared to monoculture system.

Methods: The experiment was conducted using a randomised block design (RBD) with three replications. The study included six
treatments with different cropping system: T, = Monoculture soybean(planting size 30x10 cm), T,= Monoculture maize (planting size
45x15 cm), T, = Maize + soybean (2:2) line sown,T, = Maize intercropping with soybean (2:2) + wheat straw (5 tha?) ,T, = Maize
intercropping with soybean (2:2) + maize straw (5 tha?), T, = Maize intercropping with soybean (2:2) + mustard straw (5 tha™).
Result: Water use efficiency (WUE) varied among treatments, with the highest WUE (9.44) observed in application of maize straw
mulch 5t ha?, indicating 42.57% increases compared to monoculture maize and 42.17% increases compared to monoculture soybean
cultivation. Similarly, superior grain yield (19.30 g ha'), pod yield (16.29 g ha?), intercrop yield (35.59 g ha'), maximum maize equivalent
yield (54.33 g ha') when comparing the results with and without straw mulch applied to maize and soybean crops. Maize and soybean

intercropping system demonstrated superior land utilization efficiency (LER:1.04 to 1.24) and productivity metrics.

Key words: Intercropping, Land productivity, Maize, Soybean, Water use efficiency.

INTRODUCTION

Maize is the second most important cereal crop in the world
in terms of acreage and is called the ‘Queen of Cereals’
because to its superior genetic production potential. India
rank 4" in area and 7" in production, representing around
4% of the world maize area and 2% of total production.
Around sixty-four percent of total production of maize is
utilized for poultry feed, with 16% for human use, 19% for
industrial starch and beverage and 1% for seed. Maize is a
less water demanding crop and gives higher yield per
hectare. By growing maize farmers save 90% of water, 70%
of power compared to paddy. Soybean (Glycine max L.) is
commonly referred to as the “miracle crop”. It is the world’s
most important seed legume, accounting for 25% of
worldwide edible oil, about two-thirds of global protein
concentrate for livestock feeding and a vital element in
formulated diets for poultry and fish, India has the fourth
largest soybean acreage in the world.

According to (NITI Aayog, 2023) estimations, India
produce 650 million metric tons of crop residue per year.
Currently, there is a surplus of 178 (Mt), with an annual
burned of 87 million metric tonnes (Mt) (NITI Aayog, 2023).
Despite efforts to mitigate these practices, crop residue
burning persist as a major concern, particularly in food
bowl of India, contributing significant to peak air pollution
levels across the Indo-Gangetic Plains. According to (Singh
et al., 2020), if current practices persist, emission from
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CRM are projected to rise by 45% by 2050.These gases
include CH, (0.66%), N,O (2.09%), CO (7%) and CO, (70%)
(Dutta et al., 2022), impact on atmospheric chemistry on
both a regional and global levels and leading to human
health issues (Singh et al., 2008), depletion of plant nutrient
and has negative effects on the atmosphere, environment
and soil health (Ex situ Crop Residue management Options
(ICAR, 2021). Furthermore, the burning of 1 million metric
ton of rice residue releases about 0.2 kg of sulphur dioxide
(S0,), 3.5 kg of nitrogen dioxide (NO,), 13 kg of particulate
matter (PM), 60 kg of carbon monoxide (CO) and 1460 kg
of carbon dioxide (CO,). Rice residue burning in Punjab
leads to an average depletion of 35 kg of nitrogen (N), 3 kg
of phosphorus (P) and 2.7 kg of sulphur (S) per hectare
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(Parihar et al., 2023). According to reports, approximately
40% of absorbed nitrogen (N), 30-35% of absorbed
phosphorus (P), 80-85% of absorbed potassium (K) and
40-45% of absorbed sulphur (S) are retained in the
vegetative tissues of crop plants. However, some of these
nutrients are lost while crop residues are burned (Kumar
et al., 2019).

In India, two primary methods of straw utilization for
sustaining crop productivity and soil fertility are In-situ and
Ex-situ strategies can be used to manage crop residue
management. In situ methods entail the retention or
mulching of leftovers in the field, their incorporation into
the soil, or the facilitation of decomposition by microbial
consortia. Ex situ methods involve the process of
compressing and moving leftover materials for different
purposes that are not within the original location. Various
studies have highlighted the efficacy of mulching with
different materials in mitigating water evaporation,
enhancing fallow efficiency, increasing soil water retention
for plant utilization and mitigating salt accumulation in the
soil (Li et al., 2013). (Pervaiz et al., 2009) found that use of
mulches resulted in significant improvement in soil water
content and levels of soil organic matter (SOM), while also
reducing soil bilk density and soil strength. Presently, the
agricultural sector worldwide is encountering a novel
difficulty and the issue of global grain security remains
unresolved (Kalugina et al., 2014). These issues
encompass urbanization and industrialization have caused
a steady decline in cultivated lands and the impact of
climate change (Hu et al., 2016). Intercropping refers to
cultivating two crops side by side in rows, resulting in
increased yield due to enhanced resource capture and
conservation efficiency (Huang et al., 2015). This is
achieved by improving soil coverage and reducing the
amount of light that reaches the ground. An important
obstacle is to facilitate the preservation of biodiversity while
simultaneously tackling the problem of ensuring food
security (Brooker et al., 2016), which has restricted the
extension of cultivation areas for legumes like soybean;
Glycine max L.) and cereals (like maize; Zea mays L.). The
severity of this scenario is increasing in emerging countries
such as India, China and Pakistan, where there is a larger
population and less arable land (Du, 2017). Hence, given
the current situation of few resources such as land and
water, as well as the impact of climate change, it is crucial
to create innovative methods of farming, such as
intercropping or agroforestry. These approaches can
enhance multiple cropping index, land utilization rate, so
ensuring consistent and high agricultural productivity by
efficiency utilizing minimizing impact to the environment,
leading to sustainable agricultural development (Luo,
2019). The purpose of the study was to determine (i) land
productivity and competitive index of maize and soybean
intercropping compared to monoculture cropping of maize
and soybean and (ii) asses the effect of improved straw
mulch management practices on soil nutrient status, soil
moisture content % of MSI cropping system.

MATERIALS AND METHODS

The field study was conducted Kharif season of 2021-2022
and 2022-2023 at Lovely Professional University, Punjab
located at latitude 31°24'39"”N, longitude 75°69'54"W and
altitude 245 m above sea level. The experiment was
conducted using a randomised block design (RBD) with
three replications. The size of each plot was 25 m? (5 m in
width and 5 m in length). The study included six treatments
with different cropping system:T, = Monoculture
soybean(planting size 30x10 ¢m), T, = Monoculture maize
(planting size 45x15 c¢m),T, = Maize + soybean (2:2) line
sown, T, =Maize intercropping with soybean (2:2) + wheat
straw (5t ha'),T, = Maize intercropping with soybean
(2:2)+maize straw (5t ha'),T, = Maize intercropping with
soybean (2:2) + mustard straw (5t ha'). Based on the soil
analysis, all plots received N-P,O0.-K,0 at 120-60-40 N-P-
K kg hafor maize and 20-60-20 N-P-K kg hafor soybean.
Fertilizers N, P and K were applied through urea (46% N),
diammonium phosphate (DAP, 18% N,46% P,O) and
muriate pf potash (KCL, 60% K,O respectively.The whole
of P, K and 1/3 of N fertilizer were applied at the sowing
time. The remaining rest of N fertilizer was applied at 8-
leaf stage of maize. The prescribed agronomic procedures
were implemented according to the specific demands of
the crops. The maize variety ‘Suvarna- NMH 589’ and
soybean variety ‘SL- 5001’ were used in the study.

Data analysis

The data was evaluated by statistical analysis using the
standard analysis of variance approach for the experimental
designs, using the XLSTAT 2024. The treatment means
were compared at a significance level of p<0.05 using the
student t-test and computing LSD values.

RESULTS AND DISCUSSION
Pearson correlation between soil physiochemical
properties and crop production

The Pearson correlation analysis showed that significant
correlations between various soil physicochemical
properties and crop yields. The analytical findings are
shown in (Table 1). The soil pH showed strong negative
correlation with soil electrical conductivity (EC) (r=-0.93,
p<0.001), organic matter (OM%) (r = -0.89, p<0.001) and
nitrogen (N) (r = -0.91, p<0.001). The results indicate a
negative correlation between soil pH values and greater
levels of soil electrical conductivity (EC), organic matter
(OM%), nitrogen (N). However, there were strong positive
correlation between soil EC and OM% (r = 0.91, p<0.001),
N (r = 0.92, p<0.001), suggesting that higher levels of soil
EC contributed with increased levels of OM%, N and P. The
results revealed a strong positive correlation between OM%
and P (r = 0.97, p<0.001), indicating that higher OM% was
associated with higher P levels. The bulk density showed
a strong negative correlation with soil EC (r = -0.91,
p<0.001), indicating that greater bulk density values were
associated with lower soil EC. The variable N showed
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strong positive relation with both P (r = 0.87, p<0.001) and
K (r = 0.90, p<0.001). Similarly, P showed a strong positive
correlation between N and K (r = 0.81, p<0.001), indicating
that both nutritional levels increase together. The maize
grain yield showed weak negative correlation with each
variable except for itself. However, it exhibits a significant
inverse correlation with soybean pod yield (r = -0.95,
p<0.001). There was a strong negative correlation (r = -0.95,
p<0.001) between the yield of soybean pods and the yield
of maize grains. These results demonstrate the complex
correlation between soil properties and crop yield in
agricultural system.

Impact of mulch treatments on soil moisture content (%)
at various depth (cm) and time intervals (days after
planting)

To evaluate the percentage of soil moisture content
among three mulch treatments (wheat straw, maize
straw, mustard straw mulch(5 t ha') and control - nostraw
mulch) at four specific time intervals (30, 60, 90 days
after planting and at harvest) for two different soil depth
(0-15 cm and 15-30 cm) in the crop root zone are depicted
in Fig 1(A) and (B), respectively. The maximum saoil
moisture was recorded at a depth of 0-15 cm WSM plots,
followed by the MSM, MTSM and C-SM plots. The WSM
plots showed an average increase of 31% compared to
the MSM plots, while the MSM plots showed an average
increase of 19% compared to the MTSW plots (Fig 1A).
The soil moisture retention order at a depth of 15-30 cm
was as follows: WSM>MSW>MTSM>C-SM. Although the
moisture retention in WMS and MSW was higher
compared to MTSM and C-SM, the average increase in
moisture was 16.25% in WSM, 8.34% in MSW, 5.12% in
MTSM and 2.1% in C-SM (Fig 1B). WMS had the higher
moisture content in the top 0-15 cm layer, indicating its
superior water absorption compared to all other straw
mulch treatments and its more efficient reduction of deep
percolation loss. Due to the presence of straw mulch,

which act as a physical barrier, the evaporation of soil
water is reduced and losses via percolation are avoided,
resulting in in an increase in moisture retention in the
top layer of soil. This has the potential to improve soil
health and enhance crop performance. Comparable
patters were noted at the soil depth ranging from 15 to
30 cm. Straw mulches can conserve moisture in the soil.
(Akhtar et al., 2019) reported that wheat straw mulch
enhances soil moisture by 7.4% and reduces soil
temperature by 3%. The growth of soybean was greatly
enhanced by increases in straw mulch and nitrogen.
The use of straw mulch at a rate of 6 t/ha, with a nitrogen
(N) application rate of 27 kg ha 1, resulted in a significant
increase in soybean production.

Enhancing water use efficiency (WUE) and productivity
in amaize-soybean intercropping

To evaluate the water use efficiency (WUE) and water
productivity measures in a maize + soybean strip
intercropping system. The experiment had six treatments,
labelled as T, to T, each indicating a different combination
of maize and soybean cropping pattern. The finding
revealed that significant variation in crop productivity and
water use efficiency across the different treatment
conditions. The WUF varied significantly among treatment,
with values ranging from 6.62 (sole soybean) to 9.44 (maize
straw mulch 5 t ha?). Treatments that used intercropping
often showed that greater water use efficiency (WUE)
compared to treatment that only used sole cropping.
Additionally, the amount of water needed to produce 1 kg of
yield varied from 1059.75 liters (maize straw mulch 5t ha?)
to 1510.81 liters (sole soybean), showing different levels
of water efficiency across various treatment combinations.
Treatment maize straw mulch 5 t ha? has highest water
efficiency (WUE = 9.44), indicating that a percentage
increases of approximately 42.17% compared to treatment
sole soybean, which had the lowest (WUE=6.62). This
indicates that the combination used in T, which led to an

Table 1: Correlation between soil physiochemical properties and crop yields.

Pearson Sail ?;2:' oM d BuII.<t N P K I\(Iaizg " Soslbt.eaiz
. 0 ensity 9 9 9 grain yiel pod yie
correlations pH (s m) (%) (kg M) (kg ha!) (kg ha') (kg ha) (q ha-) (q ha)
Soil pH 1 -0.93853 -0.8982 0.79611 -0.91056 -0.87531 -0.77703 -0.07334  -0.20457
Soil EC (ds m?) -0.93853 1 0.91473 -0.91069 0.92367 0.91709 0.83096 0.10089 0.19227
OM% -0.8982 0.91473 1 -0.81232 0.89267 0.97313 0.84524 -0.04246 0.31755
Bulk density (kg m®) 0.79611 -0.91069  -0.81232 -0.8929  -0.79225 -0.84547 0.0534 -0.33884
N (kg ha?) -0.91056 0.92367 0.89267 -0.8929 1 0.86879 0.90249 -0.23287 0.49841
P (kg ha?) -0.87531  0.91709  0.97313  -0.79225 0.86879 1 0.81479  -0.02766  0.29214
K (kg ha®) -0.77703  0.83096  0.84524  -0.84547 0.90249  0.81479 1 -0.2478  0.47231
Maize grain -0.07334  0.10089  -0.04246  0.0534 -0.23287 -0.02766  -0.2478 1 -0.9452
yield (g ha?)
Soybean pod -0.20457  0.19227  0.31755  -0.33884 0.49841  0.29214  0.47231  -0.9452 1
yield (g ha?)

2- tailed test of significant is used. EC: Electrical conductivity, OM: Organic matter, N: Nitrogen, P: Phosphorus, K: Potassium.
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intercrop yield of 3559.33 kg ha?, was extremely effective in
conserving water resources. Similarly, T, had the lowest
water use (1059.75 lit) per kg of production, indicating a
percentage decrease of about 29.91% compared to
treatment sole soybean, which had the highest water
requirement (1510.81 lit). T, had a high yield production
in relation to the amount of water used, indicating effective
water management strategies in the intercropping
system. This indicates that inadequate utilization of water
needed for productivity in the cropping system, which only
consisting of growing sole soybean. These findings
indicate the significant of adoption suitable treatment
combination and management techniques to improve

Table 2: Impact of various treatments on the yield and water use

water use efficiency and production in agriculture system.
Approaches that have been better water use efficiency
(WUE) and lower water needs per unit of output show
promise for sustainable water management and
increased crop yields in maize-soybean intercropping
system (Liu et al., 2015) found that the use of mulching,
enhances water use efficiency (WUE) and grain
production, while reducing nitrogen leaching losses in
arid agriculture farmlands. (Li et al., 1999) conducted
three-research and found that mulching had a significant
effect on maize yield, increasing them from 13.0 to 15.0%.
Additionally, water use efficiency (WUE) was improved
from 9.8% to 11.6% (Table 2).

efficiency of maize/soybean intercropping.

Treatment Maize grain Soybean pod Intercrop WUE Liters to produce
yield (kg ha?) yield (kg ha) yield (kg ha) (kg ha mm?) 1 kg yield
T - 2496.67 2496.67 6.62 1510.81
T, 3223.33 - 3223.33 8.55 1170.22
T, 1630.67 1341.67 2972.33 7.88 1269.04
T, 1843.33 1506.00 3349.33 8.88 1126.19
T, 1930.00 1629.33 3559.33 9.44 1059.75
Tq 1776.67 1456.00 3232.67 8.57 1166.84
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Fig 1: Effect of straw mulchingon soil moisture content

at different depth at 0-15 cm and 15-30 cm intervals.
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Table 3: The impact of treatments of land equivalent ratio (LER), relative crowding coefficient (RCC), competition ratio (CR) and area

time equivalent ratio (ATER).

Treatments Land equivalent Relative crowding Competition Area time equivalent
ration (LER) coefficient (RCC) ratio (CR) ration (ATER)

T 1 _ R -

T, 1 _ R )

T, 1.04 0.075 0.941 0.94

T, 1.18 0.113 0.948 1.06

Tg 1.25 0.145 0.917 1.13

Tq 1.13 0.099 0.945 1.02

Table 4: Impact of treatments on maize equivalent yield (MEY),
maize production efficiency and soybean production

efficiency.
Maize Maize Soybean
equivalent production production
Treatments yield (MEY) efficiency efficiency
(q ha?) (kg ha' day?) (kg ha' day?)
T, - - 20.81
T, - 33.93 -
T, 45,15 17.16 11.18
T, 50.81 19.40 12.55
T, 54.33 20.32 13.58
Ts 49.07 18.70 12.13

Effect of combination between intercropping cropping
and straw mulch on land equivalent ration (LER), relative
crowding coefficient (RCC), competition ratio (CR) and
areatime equivalentration (ATER)

The effectiveness of intercropping in terms of biological
productivity was assessed using metrics such as LER,
RCC, CR and ATER, which involved comparing the yield of
intercropped areas with that of monoculture (Table 3). LER
of maize + soybean system grown under combination of
maize T, (maize straw mulch 5 t ha) recorded significantly
higher LER value (1.25) followed by the T, (1.18) and T6
(1.13). This indicates that 25.0% (0.25 ha), 18.0% (0.18
ha) and 13.0% (0.13 ha) more area would be required by a
monoculture cropping system to equal the yield of
intercropping system. Treatment T, to T, achieved greater
land utilization efficiency compared to monoculture, with
LER values ranging from 1.04 to 1.25. The relative crowding
coefficient (RCC) values measures the degree of crop
competitiveness within an intercropping system.
Treatments T, and T, showed higher RCC values (0.145
and 0.113), suggesting increased competition between
maize and soybean crops. The competition ration (CR)
values indicate the relative competitive advantage of either
maize or soybean in specific intercropping system.
Treatment T,, T, and T, have CR values (0.948, 0.945 and
0.941), showing an effective competitive position for either
crop. ATER values provide a comprehensive assessment
of productivity through a given period. T, and T, exhibits the

highest ATER values (1.13 and 1.01), indicating superior
productivity compared to other treatment (Table 3).

Effect maize basedintercropping system on maize
equivalent yield (MEY), maize production efficiency (kg ha?
day?) and soybean production efficiency (kg ha'day?)

Data in Table 4 show that MEY was significantly the highest
in maize + soybean strip intercropping system with maize
straw mulch 5 t ha? (54.33 g ha?) and the lowest in maize
+ soybean strip intercropping with only RDF (45.15 g ha?).
The maize production efficiency varied from 17.16 to 33.93
kg ha? day?, while in soybean production efficiency varied
from 11.18 to 20.81 kg ha? day?'. The maximum maize
production efficiency (20.32 kg ha! day?) was obtained in
T, (maize straw mulch 5 t ha™) followed by T, (wheat straw
mulch 5 t ha') with production efficiency (19.40 kg ha? day?).
The lowest production efficiency (17.16 kg ha? day?!) was
found in maize/soybean intercropping (Table 4) owing to
lower grain yield in maize despite higher market price in
soybean. Similarly, the maximum soybean production
efficiency (13.58 kg ha™ day') was obtained in T, (maize
straw muich 5 t ha) followed by T, (wheat straw mulch 5 t ha)
with production efficiency (12.55 kg ha? day?). The lowest
production efficiency (11.18 kg ha? day?) was found in
maize/soybean intercropping (Table 4) owing to lower grain
yield in soybean despite higher market price in maize.
(Reddy et al., 2022) findings highest production efficiency
was found in fodder bajra (176.8 kg ha* day™) with sorghum
and maize following at (138.9 kg ha! day® and 130.5 kg ha*
day?). (Layek et al., 2014) report that in both years, soybean+
maize with 100% RDN had the highest SEY, whereas
soybean + pearl millet with no N produced the lowest.

CONCLUSION

Utilizing wheat straw mulch (5t ha) withmaize + soybean
(2:2) was more effective in improving soil organic matter,
active carbon and maintains elevated soil moisture levels
in comparison to the absences of mulch. Thus, mulching
is quite helpful reduction in bulk density results in increased
yield and water use efficiency (WUE) of maize. The study
has confirmed the premise that straw mulching enhances
soil characteristics, preserves residual soil moisture and
improves crop and water productivity in maize-based
system. To summarize, the results we obtained indicate
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that enhancing intercropping systems may lead to the
conservation of 20-50% of water and land, especially in
situations where resources are limited and in the context
of climate change. However, additional research is required
to evaluate the use of resources an intercropping,
particularly in the context of the present climate change
scenario.
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