[E“%f2[E PLANT SCIENCE TODAY
124 F P |SSN 2348-1900 (online)
Vol x(x): xx-xx

4
RESEARCH ARTICLE

https://doi.org/10.14719/pst.4451

HORIZON
e-Publishing Group {j.pG

Impact of planting systems and nutrient management on
growth and yield of maize and soybean in a maize + soybean

cropping system

Umesh Kumar Singh?, Santosh Korav', Paramesh V> & Biswajyoti Banik*

! Department of Agronomy, School of Agriculture, Lovely Professional University (Phagwara) Punjab 144 411, India

2]ICAR, Central Coastal Agricultural Research Institute, Ela, Old Goa 403 402, India

*Email: santoshkorav@gmail.com

ARTICLE HISTORY

Received: 23 September 2024
Accepted: 18 October 2024
Available online

Version 1.0 : 25 November 2024

’i‘) Check for updates

Additional information

Peer review: Publisher thanks Sectional Editor
and the other anonymous reviewers for their
contribution to the peer review of this work.

Reprints & permissions information is
available at https://horizonepublishing.com/
journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group
remains neutral with regard to jurisdictional
claims in published maps and institutional
affiliations.

Indexing: Plant Science Today, published by
Horizon e-Publishing Group, is covered by
Scopus, Web of Science, BIOSIS Previews,
Clarivate Analytics, NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/
index.php/PST/indexing_abstracting

Copyright: © The Author(s). This is an open-
access article distributed under the terms of
the Creative Commons Attribution License,
which permits unrestricted use, distribution
and reproduction in any medium, provided the
original author and source are credited
(https://creativecommons.org/licenses/
by/4.0/)

CITE THIS ARTICLE

Singh UK, Korav S, Paramesh V, Banik B.
Impact of planting systems and nutrient
management on growth and yield of maize
and soybean in a maize + soybean cropping
system. Plant Science Today (Early Access).
https:/doi.org/10.14719/pst.4451

Abstract

A field experiment was conducted during Kharif 2023 at Lovely Professional
University, Punjab, using a split-plot design (SPD) with five main plot
treatments and five subplot treatments, replicated three times, to evaluate
the effects of intercropping and nutrient management on maize growth and
productivity. The main plot treatments consisted of cropping systems: Sole
maize (M), Sole soybean (M), Maize + Soybean (1:1, Ms), Maize + Soybean (1:2,
Ms) and Maize + Soybean (2:3, Ms). Subplot treatments included nutrient
management strategies: Absolute control (S:), 100% RDF through inorganic
fertilizers (S,), 70% RDF + NPK nano fertilizer spray (Ss), 70% RDF + homemade
NPK spray (Ss) and 70% RDF + plant extract NPK spray (Ss). Results indicated
that monocropped maize and soybean systems outperformed intercropping
in terms of growth and grain yield, with similar trends observed for stover
yield. Among nutrient management practices, foliar application of plant
extract NPK showed the most significant improvement, enhancing growth
attributes and crop growth rate (CGR) by 14.1% in maize and 43.4% in
soybean and increasing productivity by 18% in maize and 30.6% in soybean
compared to the control. The interaction of maize and soybean with foliar
plant extract NPK spray led to grain yield increases of 36.6% in maize and
50.7% in soybean compared to untreated controls. Furthermore, the crop
equivalent yield and land equivalent ratio were maximized in the maize-
soybean intercropping system at a 1:1 ratio. This study underscores the role of
strategic nutrient management and intercropping in optimizing maize and
soybean productivity, with foliar NPK plant extract spray showing the most
promising results for enhancing growth and yield.

Keywords
Intercropping; Plant extract NPK; Nano fertilizer; Crop equivalent yield; LER

Introduction

Global hunger is becoming an increasingly critical issue, exacerbated by
factors such as population growth, urbanization, environmental degradation
and climate change (1, 2). To mitigate food shortages, many nations,
including India, have adopted intercropping systems. Intercropping, the
practice of growing two or more crops on the same plot of land, is a vital
agronomic strategy to meet the food demands of a rapidly growing global
population (3). It is estimated that approximately 15-20% of the world's food
supply is produced through intercropping systems (4). Among various
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intercropping combinations, cereal-legume intercropping
has been recognized as a traditional and effective practice,
particularly in tropical agricultural systems (5). This
approach enhances spatiotemporal resource utilization by
combining crops with differing root systems, such as deep
tap-rooted legumes and adventitious-rooted cereals, as well
as crops with varying growth heights (6). Leguminous crops,
due to their ability to fix atmospheric nitrogen, play a key
role in improving soil fertility and contributing to
sustainable farming practices (7). Among cereal-legume
intercropping combinations, maize (Zea mays L.) and
soybean (Glycine max L.) have been frequently identified as
optimal partners due to their complementary growth traits
(8). Maize, one of the world's most important cereal crops, is
cultivated on approximately 193.7 million hectares globally
(9). In India, maize occupies a significant agricultural area,
with 9.89 million hectares under cultivation as of 2005,
positioning the country as the fourth-largest maize grower
(10). Maize serves as a major source of food and feed, as well
as a potential bioenergy resource (11). In contrast, soybean,
a leguminous crop rich in protein and oil, contributes
significantly to both human nutrition and soil fertility
through nitrogen fixation (12). These attributes make
soybean an important crop for enhancing both agricultural
productivity and soil health. During the same planting
season, maize, as a nitrogen-consuming C, crop and
soybean, a nitrogen-fixing C; crop, form a symbiotic
agricultural duo, ideal for mechanized cultivation and
harvesting (13). While nitrogen for soybean is largely
supplied by symbiotic bacteria in its roots, optimal nitrogen
management becomes crucial when these bacteria are not
sufficiently active, ensuring robust early plant development
(14). Thus, fertilizer application stands at the heart of
contemporary agricultural practices, vital for maximizing
crop yields and sustaining food security. Nano NPK
fertilizers, in particular, show great promise in mitigating
environmental stresses, such as drought, by enhancing
plant resilience and boosting soil microbial activity (15).
Their flexibility is especially valuable in the era of climate
change and dwindling natural resources. Moreover,
integrating plant extracts into agronomic methods presents
a sustainable and viable alternative to traditional fertilizers.
These extracts act as biostimulants, driving growth,
improving nutrient absorption and strengthening resistance
to pests. Through bioactive compounds, they not only
optimize physiological processes but also fortify crops
against environmental stressors, boosting yield (16).
Additionally, homemade nutrient sources like fermented
kitchen waste, horse manure and fruit waste offer a rich
supply of beneficial microbes and essential nutrients,
further promoting crop health and growth by enhancing soil
vitality and microbial diversity (17).

The foliar application of plant extracts, homemade
NPK and nano NPK fertilizers plays a crucial role in
enhancing agricultural  productivity by improving
chlorophyll content, promoting growth and increasing the
concentration of key metabolites such as rutin,
phenylalanine and tryptophan, thereby enriching the
nutritional profile of the crops (17). Nano NPK fertilizers, in
particular, significantly enhance nutrient use efficiency
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(NUE) by reducing nutrient losses through leaching and
runoff. These fertilizers provide a controlled release of
macronutrients, ensuring a continuous supply of essential
nutrients during critical stages of crop growth, which is vital
for optimizing yield potential (17). In maize-soybean
intercropping systems, the complementary resource use
patterns of the two crops-due to their distinct root
architecture and nutrient requirements-improve overall
system efficiency. While maize requires higher nitrogen
inputs, soybean contributes to soil fertility through its
nitrogen-fixing ability, creating a synergistic relationship
between the two. Optimizing row proportions is essential
for maximizing the benefits of intercropping and must be
adjusted according to local environmental conditions and
management practices. Different row arrangements, such
as 1:1, 1:2, 2:1, or 2:2 (maize to soybean), influence crop
performance by affecting light interception, nutrient uptake
and spatial resource utilization. The combined canopy cover
in intercropped systems offers enhanced protection against
soil erosion from wind and water. However, precise row
spacing is critical to ensure that maize’s height does not
overshadow soybean plants, allowing adequate light
penetration for soybean growth. Proper management of
row spacing can lead to improved yields for both crops.
Despite the potential advantages, current research lacks
comprehensive data on the optimal row configurations for
maize-soybean intercropping under different nutrient
regimes, including both organic inputs (e.g., plant extracts
and homemade NPK) and inorganic fertilizers. Moreover,
there is a need for more in-depth studies on the impact of
various nutrient application methods on crop performance
and productivity.

This knowledge gap underscores the significance
of the present investigation, which aims to elucidate the
most suitable intercropping row proportions in conjunction
with appropriate nutrient source combinations. The study
seeks to identify strategies that enhance crop growth and
maximize productivity for both maize and soybeans in the
context of a changing climate scenario. By examining the
interplay between spatial arrangements and nutrient
management, this research endeavors to provide valuable
insights for optimizing intercropping systems, potentially
leading to more resilient and productive agricultural
practices in the face of evolving environmental challenges.

Materials and Methods

The experiment was conducted at the Agricultural Research
Farm of Lovely Professional University, Kapurthala district,
Punjab, during the Kharif season of 2023-24. The
experimental site, situated at a latitude of 31°22°31.81” N
and a longitude of 75°23’03.02” E, is part of the central plain
zone of Punjab's agro-climatic regions, specifically within
the trans-Gangetic plains of India, with an average elevation
of 252 m above mean sea level. The maize and soybean
varieties used in this study were ‘NK 7328’ and ‘SL 958,
respectively. Healthy, treated seeds were sown at the
appropriate row ratios at the onset of the monsoon during
the first week of June. Prior to sowing, soybean seeds were
treated with Rhizobium and Pseudomonas cultures at a rate
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of 500 g ha' to promote nitrogen fixation and enhance plant
growth. The field was marked to ensure accurate row and
intra-row spacing for the treatments. The soil type at the
experimental site was sandy loam with medium organic
carbon content (0.52%), low available nitrogen (216 kg ha™),
medium phosphorus (P,05 at 34 kg ha') and available
potassium (K,O at 210 kg ha™"). Fertilizers were applied as
per the recommended dose using urea, diammonium
phosphate (DAP) and muriate of potash (MOP). Additional
fertilizer doses were adjusted according to treatment
specifications. The experiment followed a split-plot design
(SPD) with five main plot factors and five subplot factors,
replicated three times. This resulted in a total of 25
treatment combinations for maize-soybean intercropping
systems (Table 1).

Statistical analysis

Data analysis and interpretation were conducted using
Fisher's analysis of variance (ANOVA), as described by
Gomez and Gomez (18). The least significant difference
(LSD) test at a significance level of a < 0.05 and a statistic of
10 were employed to compare the means of the treatment
groups.

Results and Discussion
Growth parameters of maize:

Intercropping effect: The mean values of the growth
parameters revealed that different planting patterns had
significant effects on maize. At harvest, the greatest plant
height was recorded at M1 (164.9 cm), followed by M3
(164 cm), which was on par with M4 (163.3 cm). The lowest
plant height was recorded for M5 (162 cm). When sole
cropping was carried out instead of intercropping with
soybeans, the height of maize increased due to less
competition for light, water and nutrients, which led to a
more ideal growing environment and reduced competition
for resources. The leaf area of maize had a positive
correlation with plant height; taller plants had a significantly
greater leaf area in M1 (6650.2 cm? plant?), followed by M3
(6611.8 cm? plant?), which was also on par with M4 (6584.3
cm? plant?) and the lowest leaf area was observed in M5
(6491.1 cm? plant?), which was 2.4% lower than the superior
leaf area. The development of growth attributes such as
plant height and leaf area have a positive impact on the
CGR. The highest CGR was recorded in M1 (23.7 g m? day?),
which was on par with that in M3 (23.7 g m? day™), and the
lowest was recorded in M4 (15.2 g m? day™). These results
are consistent with those of Yang (13) and Usman (19).

Nutrient management effect: The highest plant height was
observed in treatment Ss (166.5 cm), which was statistically
comparable to S4 (166 cm) and S; (165.7 cm), followed by S,
(165.3 cm). The lowest plant height was recorded in the
control, S; (154.2 cm). A similar trend was observed in leaf
area, where Ss exhibited the largest leaf area (4635.6 dm?),
representing a 6% increase over the control (S,). All nutrient
management treatments led to comparable crop growth
rates, with a rate of 19.5 g m? day"' for the control. In
addition to the primary macronutrients (nitrogen,
phosphorus and potassium), plant extract-based NPK

sprays often contain beneficial secondary metabolites,
plant growth hormones and bioactive compounds that
enhance nutrient uptake, promote root growth, and
improve overall plant vigor. These organic compounds
likely optimize the utilization of applied inorganic fertilizers,
contributing to improved plant health and development.
Furthermore, plant extracts may stimulate soil microbial
activity, enhancing nutrient availability and uptake by maize
plants (20). The superior growth performance in Ss is likely
due to the synergistic effect of bioactive components in the
plant extract combined with the inorganic fertilizers (21).

Interaction effect: The interaction between intercropping
and nutrient management significantly influenced maize
plant height. Across all nutrient treatments, except the
control, maize mono-cropping resulted in the highest plant
height, ranging from 166.7 cm to 167.7 cm. This suggests
that maize, when grown alone, benefits from reduced
interspecific competition, allowing for optimal access to
nutrients. However, even in maize-soybean intercropping
systems, particularly at a 1:1 ratio, maize maintained
comparable plant height (166 cm to 166.6 cm) under
enhanced nutrient management strategies, including 100%
RDF, nano NPK spray, homemade NPK spray and plant
extract NPK with 70% RDF. These nutrient management
practices likely provided sufficient growth-promoting
elements and nutrients to support robust maize growth,
despite the competition from soybean. In contrast, in a
maize-soybean (2:3) intercropping system, where the
proportion of soybean was higher, increased competition
for resources such as light, water and nutrients likely limited
maize growth. The restricted availability of essential
nutrients in this competitive environment, along with the
absence of supplemental fertilization in the control
treatment, resulted in the lowest recorded plant height
(149.3 cm). Similar trends were observed in leaf area and
crop growth rate (CGR), as these growth parameters are
closely tied to the availability of key resources like nutrients,
water and light. Adequate nutrient management in less
competitive intercropping patterns allowed maize to
achieve greater growth metrics, while heightened
competition and lack of additional nutrients in control
treatments led to reduced growth performance (Table 1).

Grainyield and straw yield of maize

Intercropping effect: The data revealed that the highest test
weight was recorded in the maize mono-cropping system,
with 119.59 g per 1000 seeds, which was significantly greater
than that of the intercropping systems. The lowest test
weight was observed in the maize + soybean (2:3)
intercropping system, at 115.54 g per 1000 seeds, consistent
with findings reported by Mandal et al. (2014). Maize mono-
cropping also resulted in the highest grain yield, at
54.6 q ha', which was superior to all intercropping
configurations. In contrast, the lowest grain yield was
recorded for maize + soybean (2:3) intercropping. This
outcome can be attributed to interspecies competition in
intercropping systems, which tends to reduce maize yield
compared to mono-cropping, as supported by prior studies
(24). The maize yield was significantly influenced by the
maize-legume intercropping system. The highest stover
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yield was recorded in the maize mono-cropping system, at
76.3 q ha”, followed by maize + soybean intercropping
systems with 1:1 and 1:2 row configurations. The lowest
stover yield was observed in the maize + soybean (2:3)
intercropping system. These findings align with those
reported by Rajeshkumar (25), highlighting the potential
trade-offs in yield components when intercropping maize
with legumes due to resource competition.

Nutrient management effect: Nutrient management
practices significantly influenced test weight, grain yield,
and stover yield in maize. The plant extract NPK treatment
consistently outperformed the control, demonstrating the
highest test weight (120.61 g/1000 seed) and grain yield
(53.9 g ha). Comparable results were observed with 70%
RDF combined with either nano fertilizer spray or
homemade NPK spray (118.97 g/1000 seed and 52.7 q ha?;
117.66 g/1000 seed and 53.1 q ha?, respectively). These
findings suggest that the bioactive substances in plant
extracts and the enhanced nutrient absorption capabilities
of nano fertilizers contribute to improved plant vigor, stress
resistance and ultimately, higher yields. Similar trends were
observed for stover yield, with plant extract NPK and 70%
RDF + nano fertilizer spray treatments exhibiting
significantly higher yields (24.6-26.8%) compared to the
control. These results align with previous research on wheat
(29), maize (30) and rice (31).

Interaction effect: Sole maize planting combined with foliar
application of NPK plant extract yielded the highest grain
yield (58.9 q ha') and straw yield (81.2 q ha?). Conversely,
the control treatment with maize + soybean intercropping
(2:3) resulted in the lowest grain yield (40.6 q ha?) and
stover yield (58 g ha?). In sole cropping, the absence of
interspecies competition and the beneficial effects of plant
extract foliar application, including enhanced nutrient
uptake and improved plant health due to bioactive
compounds, contributed to the superior performance.
These positive effects were comparable to those observed
with homemade NPK spray and nano NPK spray (Table 1).

Soybean Growth Parameters

Intercropping effect: The mean growth parameters indicate
that different planting patterns had significant effects on
soybean growth (Table 2, Fig 2). At harvest, the tallest plants
were observed in the M2 planting pattern (115.63 cm),
followed by M3 (112.64 cm), which was statistically similar
to M4 (112.02 cm). The shortest plants were recorded in M5
(110.65 cm). In sole cropping systems, where soybeans were
not intercropped with maize, plant height increased due to
reduced competition for light, water and nutrients,
providing an optimal environment for growth. Leaf area
followed a positive correlation with plant height, with M2
producing the largest leaf area (1024.32 cm? per plant),
followed by M3 (952.70 cm? per plant), which was
statistically similar to M4 (899.74 cm? per plant). The
smallest leaf area was recorded in M5 (863.17 cm? per
plant), representing a 2.4% reduction compared to the
highest value. Growth attributes such as increased plant
height and leaf area positively influenced the crop growth
rate (CGR). The highest CGR, measured 90 days after sowing,
was recorded in M2 (8.68 g m? day'), which was statistically
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similar to M3 (8.54 g m? day'"), while the lowest CGR was
observed in M4 (8.03 g m? day”). These findings align with
previous studies by Usman and Yang (13-19), demonstrating
that optimized planting patterns enhance soybean growth
performance.

Nutrient management effect: The highest plant height was
observed in treatment Ss, measuring 115.14 cm, which was
statistically comparable to S4 (114.7 cm) and S; (114.42 cm).
This was followed by S; at 114 cm, while the control group S;
recorded the lowest height at 102.92 cm. A similar trend was
noted for leaf area, with Ss achieving the largest leaf area of
966.83 dm?, representing a 13.8% increase compared to S,
(control). Under varying nutrient management practices, all
nutrient combinations produced comparable crop growth
rates to the control, which had a growth rate of 6.42 g m
day. In addition to the primary macronutrients (nitrogen,
phosphorus and potassium), NPK sprays derived from plant
extracts often contain a diverse array of beneficial
secondary metabolites, plant growth regulators and
bioactive compounds that enhance nutrient uptake,
promote root development and improve overall plant vigor.
These organic substances can significantly improve plant
health and growth by optimizing the utilization of applied
inorganic fertilizers. Furthermore, plant extracts may
stimulate soil microbial activity, thereby enhancing nutrient
availability and uptake in maize plants (20). The superior
growth performance observed in S5 is likely attributed to
the synergistic interactions between the bioactive
components of the plant extract and the inorganic fertilizers
(21).

Interaction effect: The interaction between intercropping
and nutrient management significantly influenced the plant
height of soybean plants. All nutrient combinations, with
the exception of the control, positively affected plant height
in monocropped soybean, increasing it from 115.35 cm to
116.37 cm. When interplanted with maize at a 1:1 ratio and
supplemented with enhanced nutrient management
strategies-such as 100% recommended dose of fertilizers
(RDF), nano NPK sprays, homemade NPK sprays, and plant
extract NPK with 70% RDF-soybeans benefited from
sufficient nutrient availability to support optimal growth.
These nutrient management practices likely provide
essential growth-promoting elements that enable maize to
achieve notable heights, ranging from 166 cm to 166.6 cm.
Conversely, the higher proportion of soybean in the maize-
soybean (2:3) intercropping system appears to increase
competition for resources. This heightened competition,
combined with the control treatment that lacked additional
nutrient supplementation, severely restricts the availability
of essential nutrients and growth factors, resulting in the
lowest recorded plant height of 98.0 cm. Similar trends were
observed in leaf area and crop growth rate (CGR), as these
parameters are also directly affected by the availability of
light, water and nutrients (22-23). Effective nutrient
management in less competitive planting arrangements
enables maize to attain superior growth metrics, while
increased competition and insufficient nutrient supply in
control treatments lead to diminished growth performance
(Table 2).
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Table 1. Detailed information’s of treatment combinations.

Sl. no. Treatment Details
. . Maize alone sown with spacing of 60 cm row to row and 20 cm plant to plant and there is no fertilizer
M1S1 Sole maize with control application here
- . The sole maize was sown with 100% recommended dose of fertilizer which are supplied through urea
0, ’
M1s2 sole maize with 100% RDF DAP and MOP. And 60 x 20 cm spacing between row to row and plant to plant were maintained.
- . Maize was sown as a sole crop with a spacing of 60 x 20 cm, and 70% of the recommended dose of
0, >
M1S3 Sole maize W'thN7F(,)K/°RDF and Nano fertilizer (RDF) was applied at sowing. Additionally, foliar applications of nano NPK were made twice
during the growing season, at 35 and 65 days after sowing (DAS).
Maize was sown as a sole crop with a spacing of 60 x 20 cm. At the time of sowing, 70% of the
- - o recommended dose of fertilizer (RDF) was applied. Additionally, a homemade NPK solution was sprayed
M1S4 Sole mﬁgg‘g’;gggﬁ&“ and twice, at 35 and 65 days after sowing (DAS). This homemade fertilizer was prepared by fermenting a
mixture of kitchen waste, jaggery, and horse dung in an airtight drum. After fermentation, the solution
was filtered and its nutrient content was quantified before application.
- . Maize was sown as a sole crop with a spacing of 60 x 20 cm. At the time of sowing, 70% of the
0, )
M1S5 Sole maize Wéf(?rggt/°RDF +plant recommended dose of fertilizer (RDF) was applied. Additionally, a plant extract solution was sprayed
twice, at 35 and 65 days after sowing (DAS).
. Soybean alone sown with spacing of 30 cm row to row and 5 cm plant to plant and there is no fertilizer
M2S1 Sole Soybean with control application here
- . The sole Soybean was sown with 100% recommended dose of fertilizer which are supplied through urea,
M252 sole maize with 100% RDF DAP and MOP. And 30 x 5 cm spacing between row to row and plant to plant were maintained.
- Soybean was sown as a sole crop with a spacing of 30 x 5 cm, and 70% of the recommended dose of
M2S3 Sole Soybean W'WP?I?%RDF and Nano fertilizer (RDF) was applied at sowing. Additionally, foliar applications of nano NPK were made twice
during the growing season, at 35 and 65 days after sowing (DAS).
Soybean was sown as a sole crop with a spacing of 30 x 5 cm. At the time of sowing, 70% of the
. o recommended dose of fertilizer (RDF) was applied. Additionally, a homemade NPK solution was sprayed
M2S4 Sole Sombsglmgggﬁ é’KRDF and twice, at 35 and 65 days after sowing (DAS). This homemade fertilizer was prepared by fermenting a
mixture of kitchen waste, jaggery, and horse dung in an airtight drum. After fermentation, the solution
was filtered and its nutrient content was quantified before application.
. Soybean was sown as a sole crop with a spacing of 30 x 5 cm. At the time of sowing, 70% of the
0, )
M2S5 Sole Soybeang;l(lttrgzto %RDF+ plant recommended dose of fertilizer (RDF) was applied. Additionally, a plant extract solution was sprayed
twice, at 35 and 65 days after sowing (DAS).
- 1Y o Maize was sown with a spacing of 60 x 20 cm, with one row of soybean intercropped between every two
M351 Maize + Soybean (1:1) with control rows of maize. No fertilizer was applied to this intercropping system.
. Y Maize was sown with a spacing of 60 x 20 cm, with one row of soybean intercropped between every two
M352  Maize + Soybean (1:1) with 100% RDF rows of maize. The 100% RDF was applied to this intercropping system.
. - Maize was sown with a spacing of 60 x 20 cm, with one row of soybean intercropped between every two
. 0, )
M3S3 Maize + Sogggaﬁa(ibl,)\lwh 70%RDF rows of maize. The 70% RDF was applied to this intercropping system. Additionally, foliar applications of
nano NPK were made twice during the growing season, at 35 and 65 days after sowing (DAS).
. s Maize was sown with a spacing of 60 x 20 cm, with one row of soybean intercropped between every two
M3s4 Maize +:r?g?_|%a£éﬁ;la)d‘gﬁ;;00/° RDF rows of maize. The 70% RDF was applied to this intercropping system. Additionally, foliar applications of
homemade NPK were applied twice during the growing season, at 35 and 65 days after sowing (DAS).
: . Maize was sown with a spacing of 60 x 20 cm, with one row of soybean intercropped between every two
. 0, 3
M3S5 Maize + Sobe:rr"t(el)'(ﬂaVZ'tth 70%RDF+ rows of maize. The 70% RDF was applied to this intercropping system. Additionally, foliar applications of
P plant extract were applied twice during the growing season, at 35 and 65 days after sowing (DAS).
- Y i Maize was sown with a spacing of 90 x 20 cm with two rows of soybean intercropped between every two
M451 Maize + Soybean (1:2) with control rows of maize. No fertilizer was applied to this intercropping system.
. Y Maize was sown with a spacing of 90 x 20 cm with two rows of soybean intercropped between every two
M452  Maize + Soybean (1:2) with 100% RDF rows of maize. The 100% RDF was applied to this intercropping system.
- - Maize was sown with a spacing of 90 x 20 cm with two rows of soybean intercropped between every two
. 0,
M4S3 Maize + sozggaﬁa(r}g,)\l\ggh 70%RDF rows of maize. The 70% RDF was applied to this intercropping system. Additionally, foliar applications
of nano NPK were made twice during the growing season, at 35 and 65 days after sowing (DAS).
: . Maize was sown with a spacing of 90 x 20 cm with two rows of soybean intercropped between every two
. 0,
M4S4 Maize +asr?gaeoamne(#§)d\g”,$? % RDF rows of maize. The 70% RDF was applied to this intercropping system. Additionally, foliar applications
of homemade NPK were applied twice during the growing season, at 35 and 65 days after sowing (DAS).
- N i Maize was sown with a spacing of 90 x 20 cm with two rows of soybean intercropped between every two
Mass Maize+ Soybean (1:2) with T0%RDF+ 5\ o maize. The 70% RDF was applied to this intercropping system. Additionall , foliar applications
lant extract PP PPINg sy y pp
P of plant extract were applied twice during the growing season, at 35 and 65 days after sowing (DAS).
In this intercropping system, maize was sown with a spacing of 60 x 20 cm, while soybean was sown at
M5S1 Maize + Soybean (2:3) with control 30 x 5 cm intervals. The arrangement consisted of two rows of maize followed by three rows of soybean,
alternating throughout the field. No fertilizer was applied to this intercropped cultivation.
In this intercropping system, maize was sown with a spacing of 60 x 20 cm, while soybean was sown at
M5S2  Maize + Soybean (2:3) with 100% RDF 30 x 5 cm intervals. The arrangement consisted of two rows of maize followed by three rows of soybean,
alternating throughout the field. The 100% fertilizer was applied to this intercropped cultivation.
In this intercropping system, maize was sown with a spacing of 60 x 20 cm, while soybean was sown at
- . - 30 x5 cm intervals. The arrangement consisted of two rows of maize followed by three rows of soybean,
M5S3 Maize + Sogggaﬁa(r?:')\lvg&h 70%RDF alternating throughout the field. The 70% fertilizer was applied to this intercropped cultivation.
Additionally, foliar applications of nano NPK were made twice during the growing season, at 35 and 65
days after sowing (DAS).
In this intercropping system, maize was sown with a spacing of 60 x 20 cm, while soybean was sown at
- ) i 30 x 5 cm intervals. The arrangement consisted of two rows of maize followed by three rows of soybean,
M5S4 Maize +asr$c§lltz|%amne(ﬁ%g)<jve\“ltlrl13?% RDF alternating throughout the field. The 70% fertilizer was applied to this intercropped cultivation.
Additionally, foliar applications of homemade NPK were made twice during the growing season, at 35
and 65 days after sowing (DAS).
In this intercropping system, maize was sown with a spacing of 60 x 20 cm, while soybean was sown at
- . 30 x 5 cm intervals. The arrangement consisted of two rows of maize followed by three rows of soybean
. 0, )
Msss  Maize+ Soybean (2:3) with T0%RDF+ alternating throughout the field. The 70% fertilizer was applied to this intercropped cultivation.

plant extract

Additionally, foliar applications of plant extract were made twice during the growing season, at 35 and
65 days after sowing (DAS).
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Fig 1. Planting geometry under the maize soybean intercropping system
Table 2. Effect of intercropping and nutrient management on growth and productivity of maize
Treatment Plant height (cm) ( c'::?;gr::l) (& nfzfil:y'l) Test weight (g) Grainyield (q ha?) St?;?‘ra)_'l')e ld MEY (q ha?)
Cropping system
M, 164.99° 6650.282 23.79° 119.592 55.77% 76.44° 55.77¢
M, - - - - - - -
M 164.00° 6611.89% 23.712 118.26%° 52.7° 74.09° 100.482
Ma 163.38° 6584.30° 15.26¢ 117.11° 49.32¢ 69.42¢ 93.08°
Ms 162.01¢ 6491.11¢ 22.08° 115.54° 45,884 65.12¢ 85.72¢
SEM (%) 0.22 14.76 0.18 0.64 0.39 0.63 1.54
C.D(0.05) 0.79 52.07 0.64 2.27 1.37 2.23 5.44
Nutrient source
S: 154.28¢ 6395.12¢ 19.15° 114.06¢ 42.19¢ 59.25¢ 69.544
Sz 165.36° 6591.53° 21.62° 116.83¢ 52.31° 73.37° 85.46°
Ss 165.78% 6631.43% 21.67° 117.66° 53.08% 74.13% 87.10°¢
Sa 166.06 % 6632.03% 21.752 118.97% 53.12% 74.45% 87.46%
Ss 166.50° 6671.87% 21.882 120.612 53.892 75.132 89.26°
SEM () 0.31 14.16 0.11 0.64 0.28 0.49 1.90
C.D(0.05) 0.89 40.98 0.32 2.27 1.83 1.42 0.65
Interaction (AxB)
M1S1 156.62f 6400.3¢ 20.93¢ 116.0 48.35f 60.77 48.35!
M1S2 166.7120< 6698.9° 24.332 118.767 56.57b¢ 79.382bc 56.57
M1S3 166.852¢ 6715.5° 24.432 119.767 57.452b¢ 80.24% 56.99%
M1s4 167.03%° 6716.3° 24.562 120.700 57.52 80.51% 57.5%
M1S5 167.732 6720.3° 24.692 122.733 592 81.282 59
M2S1 - - - - - - -
M2S2 - - - - - - -
M2S3 - - - - - - -
M2S4 - - - - - - -
M2S5 - - - - - - -
M3s1 156.03f 6399.6° 21.06° 114.500 41.958 59.78f 79.19
M3S2 164.90° 6647.5% 24.272 117.433 54.44 76.28¢ 103.55d
M3S3 166.00°0< 6659.9%° 24.30° 118.300 55.48¢ 77.544 105.22¢
M3S4 166.4232bcde 6660.5% 24.392 120.250 55.5bcd 78.08¢ 105.6%
M3S5 166.6320cde 6692.0° 24512 120.800 56.12b¢ 78.744 108.732
M4s1 155.10f 6388.8° 13.98¢ 113.300 40.248 58.42f 77.43
M4Ss2 164.96% 6530.3% 15.534 116.433 51.17¢ 71.67¢ 94.65f"
M4S3 165.22¢¢ 6660.3° 15.544 117.200 51.5¢ 71.99¢ 96.48¢"¢
M4s4 165.610 6661.1%° 15.56¢ 118.133 51.51¢ 72.11¢° 97.674f
M4s5 166.1020de 6681.0%° 15.68¢ 120.467 52.18¢ 72.91¢ 99.120
M5S1 149.368 6391.7¢ 20.60° 112.433 38.21" 58.04f 73.18
M5S2 164.89¢ 6489.4¢ 22.31° 114.667 47.11f 66.13f 87.11
M5S3 165.05% 6490.0¢ 22.39° 115.367 47.91f 66.75f 88.46"
M5S4 165,17 6490.2¢ 22.46° 116.800 47.91f 67.08f 89.03"
M5S5 165.52 bede 6594.2 ¢ 22.64° 118.433 48.25f 67.58 90.478"

*Figures not sharing the same letters in the same column differ significantly at p<0.05
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Fig. 2. Graphical representation of grain and straw yield of maize
Test weight, grain and straw yield of Soybean

Intercropping effect: The highest test weight per 1000 seeds
was observed in the sole soybean cropping system,
recording 118.04 g, which was significantly greater than that
of the other intercropping systems. Conversely, the lowest
test weight was noted in the maize + soybean (2:3)
intercropping system, at 110.97 g per 1000 seeds (Table 3
and Fig 3). The monocropped soybean system achieved the
highest grain yield at 22.36 q ha', outperforming all
intercropping systems, while the maize + soybean (2:3)
intercropping system vyielded the least. These findings
suggest that monocropping soybean results in greater
yields compared to intercropped soybean, likely due to
interspecific competition within the intercropping systems
(32-33). In terms of stover yield, the maize + legume
intercropping system influenced soybean production. The
maximum stover yield for maize was recorded in the sole
soybean system at 30.37 q ha”, followed by the maize +
soybean intercropping systems at ratios of 1:1 and 1:2. The
lowest stover yield occurred in the maize + soybean (2:3)
intercropping system. These results align with the findings
reported by Young (34).

Nutrient management effect: The test weight (g) and grain
and stover yields of maize exhibited significant differences
across various nutrient management practices (Table 3 and
Fig 3). The highest test weight was recorded with the plant
extract NPK treatment, yielding 115.82 g per 1000 seeds and
corresponding to a grain yield of 22.06 q ha". This was
comparable to the 70% recommended dose of fertilizers
(RDF) combined with NPK fertilizer spray, which yielded a
test weight of 11531 g (52.7 q ha') and the 70% RDF
combined with homemade NPK spray, yielding 115.03 g
(21.53 g ha"). The superior test weight and grain yield
observed in these treatments can be attributed to the
presence of bioactive compounds that enhance overall
plant vigor and stress resilience by promoting root
development and nutrient uptake (26). Additionally, nano
fertilizers  positively influence plant physiology by
significantly increasing root biomass, thereby enhancing
nutrient absorption from the soil rhizosphere, which
ultimately contributes to improved yield attributes (27-28).
A similar trend was observed in stover yield, with the plant
extract NPK treatment yielding 16.9% to 19.4% more stover

B Grain yield (q ha-1)

B Stover yield (q ha-1)

51 52 53 54 S5

Nutrient source

compared to the control and this yield was comparable to
that of plants receiving 70% RDF with homemade NPK.
These findings align with the research conducted by Raza in
2019 (23).

Interaction effect: The interaction effect of sole soybean
planting combined with foliar application of NPK plant
extract resulted in the highest test weight (115.82 g/1000
seeds), grain yield (22.06 g ha') and straw yield
(29.49 g ha™"). In contrast, the control treatment, which
involved maize-soybean intercropping at a 2:3 ratio, showed
significantly lower values for test weight (113.91 g), grain
yield (16.88 g ha™') and straw yield (24.68 g ha"). In the sole
cropping system, competition among plants was minimal,
allowing the foliar application of plant extracts to effectively
enhance nutrient uptake and improve overall plant health
through the action of bioactive compounds. These plant
extracts may positively influence soil nutrient dynamics,
particularly enhancing phosphorus absorption under
certain conditions (39). Additionally, they facilitate nutrient
absorption and enhance plant health by inducing
physiological responses, such as increased root hair length
and density, as well as modulating enzyme activity involved
in metabolic processes (37). Notably, the results were
comparable to those obtained with foliar applications of
homemade NPK and nano NPK sprays (Table 2).

Crop equivalent yield (CEY) and LER of intercropping

The data indicate that the highest maize equivalent yield
(MEY) was achieved in the maize-soybean (1:1) intercropping
system, recording a yield of 100.48 q ha™', which surpassed
the yields observed in other intercropping configurations. In
contrast, the lowest grain yield was noted in the sole cropping
system, at 55.77 q ha'. This trend suggests that the maize-
soybean (1:1) intercropping arrangement is superior to other
intercropping combinations due to the synergistic effects of
this particular pairing (34). Soil equivalent yield (SEY) and
land equivalent ratio (LER) demonstrated similar trends,
further supporting the enhanced yield outcomes associated
with this intercropping system. The increase in yield
parameters can be attributed primarily to the efficient
utilization of resources, including space, nutrients and light,
compared to other intercropping systems. These findings
align with those of Avil-Kumar (35), who highlighted the
intercropping advantage reflected in positive monetary gains.

Plant Science Today, ISSN 2348-1900 (online)



SINGH ETAL 8
Table 3. Effect of intercropping and nutrient management on growth and productivity of soybean and land equivalent ratio.
Treatment Plan(tc:‘e)ight Le(ize:zr)e 2 CGR (gm2d?) Gr(zi“g_if)ld Test weight (g) Sttz:ehr a)_/li)e ld SEY (q ha?) LER
Cropping system
M1 - - - - - - - 19
M2 113.63° 1024.32° 8.682 22.36a 118.042 30.37° 22.36¢ 1
M3 112.64° 952.70° 8.542 21.71b 116.44° 28.78° 45.69° 1.90°
M4 112.02° 899.74¢ 8.03° 19.79c¢ 114.26° 26.99¢ 42.33° 1.76°
M5 110.65¢ 863.17¢ 8.08° 18.22d 110.97¢ 25.63¢ 39.26¢ 1.62¢
SEM (%) 0.24 2.6 0.12 0.22 0.07 0.38 0.29 0.01
C.D(0.05) 0.85 9.31 0.42 0.76 0.27 1.33 1.03 0.03
Nutrient source
S1 102.92¢ 832.66¢ 6.422 16.88c¢ 113.91¢ 24.68c¢ 31.06¢ 1.44°
S2 114.00° 944.60° 8.44% 20.9b 114.57¢ 27.99b 38.24° 1.45°
S3 114.422b 965.12% 8.78% 21.24ab 115.03° 28.68ab 38.74° 1.46°
S4 114.7%° 965.70% 8.8° 21.53ab 115.31% 28.87ab 39.14% 1.46°
S5 115.14° 966.83? 9.21¢ 22.06a 115.822 29.49a 39.88° 1.46°
SEM (%) 0.36 7.66 0.23 0.25 0.12 0.88 0.30 0.003
C.D(0.05) 0.88 22.17 0.67 0.74 0.36 0.30 0.86 NA
Interaction (M*N)
M1s1 - - - - - - - 1¢
M1S2 - - - - - - - 1¢
M1S3 - - - - - - - 1¢
M1s4 - - - - - - - 1¢
M1S5 - - - - - - - 1¢
M2S1 105.26° 838.9f 7.94° 17.991 114.89°¢ 25.93¢f 17.992 1¢
M2S2 115,352« 1059.32 8.38% 23.35% 118.14° 31.66° 23.35" 1¢
M2S3 115.492b¢ 10742 8.82% 23.60%° 118.91° 31.77° 23.60" 1¢
M2S4 115.672° 1074.2° 8.91% 23.71% 119.21° 31.78° 23.71" 1¢
M2S5 116.37° 1075.2® 9.30? 23.96° 119.57° 32.24? 23.96" 1¢
M3s1 104.67° 835.1 6.41¢ 16.92% 114.62°¢ 24.65¢f 35.98f 1.80°
M3s2 113.54¢ 970.6° 9.137% 22.31b 116.71¢ 30.26® 47.02° 1.91°
M3S3 114 643bcde 985.4° 8.753% 22.71%¢ 11691 30.47° 47.81% 1.93°
M3s4 115.062b<de 985.9° 8.88% 22.76%¢ 117.21 30.48° 48.00% 1.92°
M3S5 115,273bcde 986.5° 9.522 23.84° 117.57°%¢ 31.27° 49.40° 1.94°
M4s1 103.74f 831.2 5.73¢ 16.89% 113.76f 24.54f 35.17 1.76°
M4Ss2 113.53¢ 904.9¢ 7.97° 19.75f" 114,18 27.60% 43.004 1.74b¢
M4S3 113.86%e 919.9« 8.75% 20.51¢f 114.63¢ 28.14¢ 43,83 1.76°
M4s4 114.25bcde 920.6¢ 8.62% 20.97%f 114.67¢ 28.17¢ 44,37 1.78°
M4S5 114, 743bcde 922.1¢ 9.04% 21.26%e 114.90°¢ 28.27° 45.03¢ 1.77°
M5S1 98.008 825.5f 5.58¢ 15.89¢ 112.36& 24.22f 33.258 1.67<
M5S2 113.6% 843.6ef 8.27% 18.17V 110.31° 25.07¢f 39.57¢ 1.60¢
M5S3 113.69¢% 881.2de 8.79% 18.59M 110.60M 26.60¢% 40.19¢ 1.62¢
M5S4 113.81¢de 882.1cde 8.77% 18.68" 111.01M 26.64< 40.45¢ 1.62¢
M5S5 114,16bcde 883.5cde 8.97% 19.18¢ 111.24h 27.04 41.10¢ 1.62¢
*Figures not sharing the same letters in the same column differ significantly at p<0.05
9 So_vbezm B Grain yield (q ha-1) M Stover yield (q ha-1)
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Moreover, the benefits observed in this study can be ascribed
to optimized planting patterns and improved resource
utilization during the co-growth period of the crops. Ghosh
(2004) also noted that higher LER values correlate with
significant economic benefits, as indicated by maximum
monetary advantage values (36).

Nutrient management effect: The maize equivalent yield
exhibited significant variation across different nutrient
management practices. The highest MEY was recorded for
the plant extract NPK treatment at 89.26 q ha™', which was
statistically comparable to the MEY under the application of
70% recommended dose of fertilizers combined with a
homemade NPK fertilizer spray at 87.46 g ha'. The elevated
MEY can be attributed to the presence of bioactive
compounds that enhance overall plant vigor and stress
resistance, promoting root development and nutrient
uptake (35). Nano fertilizers positively influence plant
physiology by increasing root biomass, thereby enhancing
the efficiency of nutrient absorption from the soil
rhizosphere. This improvement in nutrient acquisition
subsequently has beneficial effects on yield attributes and
overall yield (27-28). A similar trend was observed for
soybean equivalent vyield, with statistically significant
differences noted among the treatment groups. The SEY for
the NPK treatment, which was comparable to that of the
70% RDF supplemented with the custom-made NPK spray,
demonstrated an increase of 28.39% to 19.4% compared to
the control treatment.

Interaction effect: The interaction effect of maize-soybean
intercropping at a 1:1 ratio, coupled with foliar application
of NPK plant extract, achieved the highest marketable
economic yield of 100.48 g ha* and seed economic yield of
45.69 q ha™. Conversely, the control group exhibited the
lowest marketable economic yield of 55.77 q ha™ and seed
economic yield of 22.36 q ha™. This intercropping system
demonstrated a significant positive synergistic effect,
enhancing nutrient uptake and plant health through the
bioactive compounds present in the plant extracts (40). The
efficacy of the foliar application of plant extracts was
comparable to that of homemade NPK and nano NPK
sprays. Additionally, these foliar applications, including
homemade NPK and nano NPK, can enhance nutrient
utilization efficiency by up to three times compared to
conventional fertilizers, facilitating a steady release of
essential nutrients (38).

Conclusion

The current study demonstrates that both planting
geometry and nutrient management practices significantly
influence the growth and yield of maize within a maize-
soybean cropping system. Sole cropping of maize
consistently yielded superior results compared to
intercropping, exhibiting greater plant height, leaf area,
crop growth rate (CGR), grain yield and stover yield. This
advantage can be attributed to reduced competition for
light, water and nutrients in monoculture systems. Among
the various nutrient management strategies assessed, the
foliar application of NPK derived from plant extracts

resulted in the highest yields, followed closely by nano NPK
and homemade NPK sprays. These fertilizers enhance
nutrient availability and contain bioactive compounds that
promote plant vigor and stress resilience. The highest crop
equivalent yield and land equivalent ratio were achieved in
the maize-soybean intercropping system at a 1:1 ratio,
indicating optimal resource utilization. This study
underscores the significance of optimized nutrient
management and planting configurations in maximizing
maize productivity. Such strategies not only enhance land
productivity but also improve nitrogen use efficiency, which
is critical for advancing sustainable agricultural practices.
Overall, the findings suggest that mono-cropping, when
combined with advanced nutrient applications, can
substantially enhance yield outcomes.
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