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Abstract

The intercropping system stands as a prevalent strategy for augmenting crop yield. To test the mentioned system, a
study was conducted to evaluate the impact of intercropping systems and mungbean sowing time on upland rice using
the NSIC Rc27 variety under different mungbean sowing times. The experiment was laid out in Randomized Complete
Block Design (RCBD) using a split-plot arrangement with three replications, intercropping systems were distributed
in the main plots while the sowing time of mungbean plants was arranged in sub-plots. Results showed that the tested
factors and their interaction did not have significant effects on leaf area index (LAI), crop growth rate (CGR), relative
growth rate (RGR), and yield components for both upland rice and mungbean. On the other hand, notable variations
were observed in weed parameters, agronomic characteristics, and grain yield of both crops. Monocropping and early
mungbean sowing time (14 days before upland rice establishment) led to early flowering but delayed maturity in
upland rice. The land and area-time equivalent ratios were greater than one, indicating that both crops can be grown
together, wherein simultaneous planting was the most effective treatment. The intercropping scheme resulted in a
lower weed population. Monocropping upland rice yielded a net profit of PhP38,425 while intercropping with
mungbean 14 days before upland rice establishment resulted in a higher net profit of PhP70,325. Similarly,
monocropping mungbean yielded PhP197,175.00 while intercropping with upland rice 14 days earlier produced the
highest net profit of PhP283,575.

Keywords: Area time equivalent ratio; land equivalent ratio; upland rice; mungbean; sowing time.

1. Introduction

Rice (Oryza sativa L.) is renowned for its highlight the need for innovative, resource-
adaptability, thriving in diverse environments efficient, profitable, and environmentally friendly
ranging from uplands to lowlands. Its global rice farming systems in uplands to ensure
significance as a staple food underscores its sustainability and a consistent supply. Efficient
pivotal role in agriculture. In the Philippines and cropping systems are vital to overcome
other ASEAN countries, where rice is a dietary limitations in upland rice cultivation, especially
staple, upland rice production has gained in areas facing soil nutrient deficiencies and
importance due to the decreased availability of degradation.
lowland areas for farming. Rao et al. (2017) Intercropping, particularly the combination of
upland rice with mungbean, presents a promising
*Corresponding author: D.M. Bafioc solution. This approach can rejuvenate degraded
T warm 26,2024, Pans, Improve sail fertity, and_ enfance
Published online: March 30, 2024. farming  system  resilience to  climate

©Published by South Valley University.
This is an open access article licensed under @O0
168


mailto:dionesio.banoc@vsu.edu.ph
https://creativecommons.org/licenses/by-nc-nd/4.0/

Labrador et al.,

SVU-International Journal of Agricultural Sciences, 6 (1): 168-189, 2024

uncertainties. Mungbean's nitrogen-fixing ability
makes it an excellent intercrop choice, positively
influencing the main crop's growth. Favero et al.
(2021) and Saeed et al. (1999) emphasize the
potential for increased overall crop production
through the integration of mungbean with upland
rice. However, challenges such as nutrient
competition, management complexity, and pest
susceptibility hinder the broader acceptance of
intercropping, as noted by Huss et al. (2022).

To address these challenges, the strategic timing
of mungbean intercrop sowing is crucial. Varying
the sowing time benefits both upland rice and
mungbean, optimizing growth conditions for
upland rice while utilizing mungbean's shading
resilience in intercropping. This approach aims to
create favorable conditions for upland rice
growth while identifying the best sowing period
for mungbean. Thus, this study investigates the
timing complexities of the mungbean intercrop to
optimize coexistence and productivity in the
intercropping framework.

2. Materials and Methods

The study was conducted in the Experimental
Field of the Department of Agronomy, Visayas
State University, Visca, Baybay City, Leyte,
Philippines, from April 7 to August 5, 2023
(Table 1). A 759 m? area was prepared by
plowing and harrowing twice weekly using a
tractor to ensure soil pulverization, weed
removal, and optimal seed germination
conditions. Drainage was established around the
experimental area and between replications to
prevent water logging during heavy rainfall. Ten
soil samples were randomly collected from the
experimental area at a depth of 30 cm before crop
establishment. These samples were combined,
air-dried, pulverized, and sieved using a 2.0 mm
wire mesh. They were then submitted for analysis
of soil pH, organic matter content, total nitrogen,
available  phosphorus, and exchangeable
potassium at the Central Analytical Services
Laboratory PhilRootCrops, Visayas State
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University, Visca,
Philippines.

The experiment was laid in a randomized
complete block design wusing a split-plot
arrangement with three replications. The main
plot was the intercropping scheme, while the
subplot was the sowing time of the mungbean
intercrop. The cropping system scheme included
upland rice monocropping (Mi), mungbean
monocropping (M), and upland rice + mungbean
intercropping (Ms). Mungbean sowing time was
designated as S: (14 days before upland rice
establishment), S; (7 days before upland rice
establishment), Ss (simultaneous planting), Sa (7
days after upland rice establishment), and Ss (14
days after upland rice establishment). The
mungbean intercrop was sown on April 7, 2023,
for Si; April 14 for Sy; April 21, 2023, for Ss;
April 28, 2023, for S4; and May 5, 2023, for Ss,
An alleyway of 1.0 m between replications and
0.50 m between treatment plots was made to
facilitate data gathering and management.
Air-dried chicken manure from Larrazabal farm,
Ormoc City, Leyte Philippines, was analyzed at
the Central Analytical Service Laboratory,
PhilRootcrops, Visayas State University, Visca
Baybay City, Leyte. Results showed a pH of 8.88,
11.28% organic matter, 2.84% total nitrogen,
1.38 mg kg available phosphorus, and 4.91 mg
kg! exchangeable potassium. The manure
displayed strong alkalinity, high organic matter,
and nitrogen content, and low phosphorus and
exchangeable potassium levels. It was applied at
a rate of five tons per hectare three weeks before
planting the main crop, following methods
similar to Adekiya and Agbede (2017).
Fermented pseudo-stem banana extract mixed
with molasses (2:1 ratio) was applied to plant
leaves, growing points, and soil around upland
rice during its reproductive stage. The fermented
extract contained 0.12% total nitrogen, 0.44%
available phosphorus, and 1.79% exchangeable
potassium, indicating relatively low levels of
organic matter and nitrogen, as well as limited
phosphorus and exchangeable potassium content.

Baybay City, Leyte,



Labrador et al.,

SVU-International Journal of Agricultural Sciences, 6 (1): 168-189, 2024

The study utilized the upland rice NSIC Rc27
variety and the Pag-asa 19 variety for mungbean.
The planting distance adopted was 0.25 m x 0.25
m for upland rice monoculture and upland rice-
mungbean intercropping, following the method
outlined in the study by Alogaidi et al. (2019). For
mungbean monoculture, the planting distance
was 0.50 m between furrows with 15 plants per
linear meter. Plant counts were 192 for upland
rice.  monoculture, 360 for mungbean
monoculture, and 192 + 360 for mungbean in the
upland rice-mungbean intercropping scheme.
Hand weeding was employed for controlling
weeds.

Data collected included days to flowering and
maturity, leaf area index calculated by
multiplying the length and width of each leaf
from the middle tiller and adjusting with a
correction factor and dividing by the ground area
covered by ten sample plants, crop growth rate
guantifying dry matter production increase per
unit land area over time, land equivalent ratio
computed by comparing poly-culture yield to
monoculture yields on the same land area, area
time equivalent ratio calculated by dividing total
yield by land area used multiplied by time taken,
and grain yield (t/ha) determined by dividing total
harvested grain weight by land area, providing
yield per unit area for upland rice and mungbean,
along with weed parameters. Meteorological
data, such as total weekly rainfall, minimum and
maximum temperatures, and relative humidity,
were sourced from the Philippine Atmospheric
Geophysical and  Astronomical  Services
(PAGASA) Station, VSU, Visca, Baybay City,
Leyte, Philippines. Analysis of variance
(ANOVA) was conducted using a Statistical
Analysis System (SAS version 9.0), with
Honestly Significant Difference (HSD) used for
comparing treatment means.

3. Results and discussion
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Meteorological data, sourced from the PAGASA
Station at Visayas State University, Visca,
Baybay City, Leyte, Philippines, revealed a total
rainfall of 254.41 mm during the study period,
with the highest in June (130.88 mm) and the
lowest in April (5.70 mm) (Fig. 1). Weekly
rainfall ranged from 1.14 mm to 32.67 mm from
upland rice planting (week 1) to harvesting (week
19), indicating inadequate moisture for upland
rice growth. To address moisture stress
conditions, intermittent watering was applied
when dryness occurred. Average maximum and
minimum temperatures were 30.37 °C and 25.93
°C, respectively, falling within the optimal range
for rice and mungbean growth. The average
relative humidity of 78.87% also supported rice
cultivation. Mungbean seeds germinated in 2-3
days, while upland rice took 7-10 days in all
treatments. Bird infestations affected both crops,
leading to the adoption of strict cultural
management practices such as metallic strings
and scarecrows. Stem borer infestation occurred
during the vegetative stage of upland rice in
monocropping treatments (Mi), prompting the
application of Karate (5EC) and fermented
banana extracts during various growth stages of
both crops.

3.1. Soil Chemical Properties

Table 1 displays soil test results before planting
and after upland rice harvest as influenced by
intercropping scheme and mungbean sowing
time. Initially, soil pH was 6.25, with 1.068%
organic matter, 0.113% total nitrogen, 95.700 mg
kg available phosphorus, and 241.410 mg kg-!
exchangeable potassium. These indicate slightly
acidic soil with low organic matter and nitrogen
but high phosphorus and exchangeable potassium
levels. The final soil analysis revealed a shift
from slightly to moderately acidic pH, influenced
by nutrient uptake rates of different crops and
nitrogen transformations.
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Figure 1. Total weekly rainfall (mm), average weekly minimum and maximum temperatures (°C), and relative humidity throughout
the experiment from April 1 to August 11, 2023, obtained from the Philippine Atmospheric Geophysical and Astronomical Services
(PAGASA) Station, Visayas State University (VSU), Visca, Baybay City, Leyte, Philippines

Table 1. Soil test results before planting and after harvest of upland rice (Oryza sativa L.) var. NSIC Rc27 to the
intercropping scheme at different sowing times of mungbean (Vigna  radiata L.) intercrop.

Soil Analysis Soil pH OM (%) Total N (%) Available P (mg Exchangeable K
kg'!) (mg/kg)

Initial 6.25 1.068 0.113 95.700 241.410

Final

M- Upland rice

monocropping

Si 5.83 1.224 0.112 127.90 295.76

Sz 5.95 1.218 0.107 122.90 269.83

S3 6.05 1.267 0.127 124.90 274.61

S4 597 1.193 0.110 105.00 267.40

Ss 5.95 1.206 0.110 131.50 306.05

Mean 5.95 1.222 0.113 122.44 282.73

Mz.  Mungbean

monocropping

Si 6.00 1.310 0.118 108.10 326.43

Sz 6.07 1.304 0.127 148.40 301.91

S3 6.05 1.377 0.121 203.20 389.35

S4 6.02 1.408 0.130 145.90 289.63

Ss 6.05 1.310 0.115 137.70 313.69

Mean 6.04 1.342 0.122 148.66 324.02

Ms. Upland rice +

Mungbean

intercropping

Si 5.99 1.248 0.098 136.50 241.89

S2 5.94 1.261 0.078 125.70 326.47

S3 5.95 1.328 0.147 119.00 282.15

S4 5.74 1.279 0.118 110.00 312.98

Ss 6.13 1.101 0.144 128.70 341.64

Mean 5.95 1.243 0.117 123.98 301.03
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While organic matter content increased but
remained at a lower level. Total nitrogen levels
were consistent across treatments, aided by
mungbean's nitrogen-fixing ability. Balancing
nitrogen mineralization and immobilization
processes is crucial. Phosphorus and potassium
levels significantly increased post-planting,
positively impacting plant growth. Rainfall and
temperature were key in enhancing nutrient
movement and activating soil microbes.
Alterations in soil pH were noted to affect
nutrient availability, potentially influencing
nutrient solubility and mobility (Gupta and
O'toole, 1986; Gworek et al., 2021; Grzyb et al.,
2021).

Table 2. Agronomic characteristics of upland rice (Oryza sativa L.) var. NSIC Rc27 as

3.2. Agronomic Characteristics of Upland Rice
(NSIC Rc27)

No significant differences were observed in plant
height and the number of days from sowing to
heading of upland rice. Significant variations
were found in several characteristics of upland
rice, including days from sowing to flowering and
maturity, fresh straw yield, leaf area index, crop
growth rate, land and area time equivalent ratios,
grain yield, and weed parameters as influenced by
intercropping scheme and mungbean sowing time
(Table 2 and Figures 2 & 3).

No significant differences were observed in the
plant height of upland rice based on intercropping
and mungbean sowing time. Monocropping of
upland rice (M) exhibited greater height than
intercropping (Ms).

influenced by

intercropping scheme and time of sowing of mungbean (Vigna radiata) intercrop

Treatment Number of days from sowing to Plant height Fresh  straw

Flowering Heading Maturity (cm) yield
(ton/ha)

Intercropping

scheme

M; = Monocropping  75.60% 69.60 98.672 89.18 25.632

upland rice

Ms - Intercropping

system (upland rice) 77.93% 70.13 96.20% 81.57 15.12°

Mean 76.77 69.87 97.44 85.37 20.38

Time of planting of

mungbean intercrop

S1 71.84° 66.83° 99.00%® 83.39 25.862

Sz 80.17® 69.83° 100.84%® 84.48 19.32°

Ss 74.50° 68.83° 96.673° 81.21 19.29°

S4 74.00° 65.17° 95.673¢ 78.36 17.58°

Ss 83.332 78.672 95.00°¢ 99.43 19.86°

Mean 76.77 69.87 94.44 85.37 20.38

ISx TPI i ns il ns ns

CV (&) % 4.13 3.85 1.60 23.52 29.36

CV (b) % 4.01 5.79 3.38 23.59 12.66

The means within a column with the same letter and those without letter designations are not significantly different at

the 5% level, based on HSD.

This might be due to the inter-specific
competition and intense intraspecific competition
among densely planted mungbean, limiting
resources for upland rice. Higher plant density
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increases resource competition, affecting upland
rice growth. Intercropped mungbean alters
microclimate and canopy structure. The result
aligns with the findings of Sa Xiao et al. (2006),
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which indicate decreasing plant height with
increasing population density. This result
contrasts with the finding that higher plant
densities led to taller plants (Olsen and Weiner,
2007; Ciampitti and Vyn, 2011; Rossini et al.,
2011). Moreover, no significant difference in
upland rice height was observed with varying
mungbean sowing times. Planting mungbean 14
days after upland rice (Ss) resulted in taller
upland rice which attributed to reduced
competition for resources.

Delayed flowering in upland rice in intercropping
(M3) compared to monocropping (M) suggests
intercrop influence on flowering dynamics.
Despite the delay, upland rice in the intercropping
scheme achieved earlier maturity without
significantly  prolonging the crop cycle.
Variations were observed in days to flowering,
heading, maturity, and fresh straw yield of upland
rice with varying sowing times of the mungbean
intercrop. Monocropping and intercropping of
mungbean 14 days before upland rice (Si)
resulted in early flowering for both crops. In
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contrast, intercropping mungbean 14 days after
upland rice (Ss) delayed their flowering
performance. Optimal timing appears to be
planting mungbean intercropped 14 days before
upland rice, avoiding negative impacts on upland
rice's flowering and heading (Rafiuddin et al.,
2021; Saban, 2007).

Significant interaction differences in straw yield
were observed due to the intercropping scheme
and mungbean sowing times (Fig. 2). Upland rice
under monocropping achieved the highest straw
yield, surpassing plants under the intercropping
scheme. Specifically, sowing mungbean 14 days
before upland rice (S1) resulted in a higher fresh
straw yield than other treatments. In
monocropping, upland rice avoids inter-specific
competition, utilizing resources more efficiently.
Sowing mungbean before upland rice establishes
a complementary growth pattern, optimizing
resource utilization and fostering independent
growth for both crops. This timing strategy
contributes to the increased herbage yield of
upland rice.

L_.cn
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»M3- Intercropping scheme (Upland rice+mungbean)

Figure 2. Interaction on several days from sowing to the flowering of upland rice (Oryza sativa L.) var. NSIC Rc27
as influenced by intercropping scheme and time of sowing of mungbean (Vigna radiata L.) intercrop.
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There was a significant interaction observed at the 0.05 level regarding the number of days from sowing to
flowering and maturity of upland rice as influenced by intercropping scheme and mungbean sowing times
(Fig. 3). Monocropping (M) exhibited early flowering and longer maturity periods compared to
intercropping systems, indicating a potential correlation between intercropping strategies and flowering
patterns. The shortest flowering time (2.20) was observed in S, while S3, S4, and Ss had notably longer
flowering times. For the number of days from sowing to maturity, Ss matured earlier than other treatments.
Overall, intercropping systems positively reduced upland rice flowering time compared to monocropping.
The observed variability highlights the importance of carefully selecting intercropping strategies to
optimize upland rice flowering. The result aligns with the findings by Cagasan and Amarado (2023), where
peanuts planted two weeks ahead of upland rice resulted in earlier flowering compared to other
intercropping sowing times.
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M3- Intercropping scheme (Upland rice+mungbean)

Figure 3. Interaction on several days from sowing to maturity of upland rice (Oryza sativa L.)  var. NSIC Rc27
as influenced by intercropping scheme and time of sowing of mungbean (Vigna radiata L.) intercrop.

3.3. Agronomic Characteristics of Mungbean minimizing intra-specific competition (Manasa et
(Pag-asa 19) al., 2018). Observations revealed variations in
No significant differences were observed in the mungbean growth impacted by the timing of
number of days from sowing to flowering and mungbean intercropping. Planting mungbean 14
maturity, plant height, and herbage yield of days after upland rice establishment (Ss) led to
mungbean (Table 2.1). Mungbean demonstrates delayed flowering, maturity, and reduced plant
adaptable growth in various intercropping height, ~ suggesting  heightened  nutrient
schemes, with the intercropping system (Ms) competition, in line with the competitive
outperforming monocropping (M) in plant production principle (Vandermeer, 1989). No
height and herbage yield due to a diverse canopy significant  differences were observed in
structure optimizing light interception and mungbean's herbage vyield with varying
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intercropping schemes and mungbean sowing
times. However, intercropping system Ms
outperformed sole cropping, likely due to the
resource complementarity of upland rice and

Table 2.1. Agronomic characteristics of mungbean (var. Pag-asa 19) as influenced by

time of sowing of mungbean intercrop

mungbean, efficiently utilizing soil nutrients and
resulting in a higher overall herbage vyield
(Andersen et al., 2004).

intercropping scheme and

Treatment Number of days from sowing to Plarzir};e)lght Heﬁ);f/ehz)leld
Flowering Maturity
Intercropping scheme
M,- Monocropping of
mungbean 38.80 61.73 84.46 28.80
M:; -Intercropping system
(mungbean) 38.93 61.87 87.33 30.07
Mean 38.87 61.80 85.88 29.43
Time of planting of
mungbean intercrop
S 36.004 59.00° 86.63* 30.17
Sa 37.33¢ 59.00° 87.11° 28.34
S3 40.00° 61.00° 86.43% 28.00
Sq 38.00° 64.83* 91.10* 32.83
Ss 43.00* 65.17 78.12° 27.83
Mean 38.87 61.80 85.88 29.43
IS x TPI ns ns ns ns
CV (a) % 0.94 5.02 3.86 13.43
CV (b) % 1.88 3.47 5.82 15.14

3.4. Leaf area index and crop growth rate of
upland rice variety NSIC Rc27

Yang et al. (2012) underscore the importance of
leaf area index (LAI) and crop growth rate (CGR)
in rice cultivation. The researchers highlighted
that upland rice monocropping (M) exhibits
wider LAI and higher CGR which is attributed to

larger leaves thriving in increased light
conditions  (Price and Munns, 2016).
Monocropping facilitates enhanced

photosynthesis, whereas intercropping (Ms) may
impede sunlight, thereby affecting leaf
expansion. Marler (1994) and Fischer (1975)
accentuate light's crucial role in rice growth. In
the intercropping scheme, mungbean's LAI and
CGR are shaped by a modified microclimate
(Setiawan, 2022), promoting physiological
processes and resource efficiency (Rasmussen
and Schmidt, 2022). Reduced intraspecific
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competition in intercropping fosters mungbean
growth, leading to a higher leaf area.

No significant differences were found in the Leaf
Area Index (LAI) or Crop Growth Rate (CGR)
across upland rice treatments (Table 3). However,
planting mungbean seven days after upland rice
(S4) resulted in the smallest LAI, potentially
delaying flowering and tasseling in upland rice.
Conversely, sowing mungbean intercropped 14
days before upland rice establishment (S:) led to
higher CGR. This temporal resource mismatch
resonates with Craine and Dybzinski's (2013)
study, highlighting the complexities of resource
competition across time, space, and species.
Intercropping mungbean 14 days before upland
rice (S1) promotes a more harmonious resource
utilization, facilitating wider LAl and higher
CGR development.
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Table 3. Leaf area index and crop growth rate of upland rice (Oryza sativa L.) var. NSIC Rc27

as influenced by

the intercropping scheme and time of sowing of mungbean (Vigna radiata L.) intercrop.

Treatment

Leaf area index (LAI)

Crop growth rate (CGR)

Intercropping scheme

M; = Monocropping upland rice 0.04 0.342
M3 = Intercropping system (upland rice) 0.03 0.16"
Mean 0.04 0.25
Time of planting of mungbean intercrop

St 0.04 0.322
Sz 0.04 0..26"
S3 0.04 0.24°p¢
S4 0.03 0.21°
Ss 0.04 0.23b°
Mean 0.04 0.25
ISXx TPI ns ns
CV (@) % 26.19 15.30
CV (b) % 17.80 11.51

3.5. Leaf area index and crop growth rate of
mungbean var. Pag-asal9

The study revealed consistent mungbean leaf area
index and crop growth rate across intercropping
schemes, indicating uniform leaf area production
regardless of intercropping method (Table 3.1).
Intercropping (M3) demonstrated the highest leaf
area index, possibly due to complementary
resource utilization, where different crops exploit
distinct niches for nutrient uptake, sunlight

species competition. Intercropping environments,
as highlighted by Li et al. (2020), foster increased
leaf area through facilitative interactions such as
shade provision, nitrogen fixation, or soil
structure improvement. In contrast,
monocropping may prioritize individual growth
without such collaborative benefits.
Intercropping with legumes like mungbean
benefits from nitrogen fixation, supporting leaf
development, whereas monocropping may rely

interception, and water use. Conversely, more heavily on soil nitrogen, potentially
monocropping (Mi) exhibited a higher crop impacting growth rate.
growth rate, likely reflecting reduced intra-
Table 3.1. Leaf area index and crop growth rate of mungbean influenced by intercropping
scheme and time of sowing of mungbean (Vigna radiata L.) intercrop.
Treatment Leaf area index Crop growth rate
(LAI) (CGR)
Intercropping scheme
M. = Monocropping mungbean 2.35 0.21
M3 =Intercropping system (mungbean) 2.52 0.19
Mean 244 0.20
Time of planting of mungbean intercrop
S1 2.21° 0.18
S 2.50% 0..18
S3 2.752 0.23
Sa 2.35P 0.23
Ss 2.38° 0.19
Mean 2.44 0.20
IS TPI ns ns
CV (a) % 12.68 26.48
CV (b) % 11.44 29.40
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Significant variations were noted in mungbean
intercropping's leaf area index (LAI) based on
sowing time, while no notable differences were
observed in crop growth rate (CGR).
Simultaneous planting (Ss) resulted in a wider
LAI, consistent with Addo-Quaye's (2011)
findings, suggesting higher LAI, CGR, and net
assimilation rate (NAR) with simultaneous or
preceding soybean planting. The early
introduction of mungbean into upland rice
theoretically lengthens the overlap period and
shading. However, maximum overlap benefits
from mungbean's vegetative growth phase
completion before upland rice reaches peak LAI,
as noted by Nouri and Reddy (1991).

3.6. Land and area equivalent ratio of upland
rice

The sowing time of mungbean significantly
impacted upland rice Land Equivalent Ratio
(LER), with simultaneous planting (Ss) yielding
the highest LER and ATER (Table 4). However,
sowing mungbean 14 days before upland rice (S1)
resulted in the lowest LER. Similar findings by
Worku (2014) showed greater partial LERs for
mungbean  with  simultaneous  planting.

Significant interactions at the 0.05 level were
observed on LER and ATER of upland rice
affected by mungbean sowing time (Fig. 4).
ATER and LER values in Table 7 indicate that
simultaneous planting or planting mungbean
seven to 14 days after establishing upland rice
resulted in higher ATER and LER for upland rice.
This suggests a more accurate representation of
intercropping benefits in terms of yield,
considering the timing of each crop's presence on
the same field.

The highest ATER (2.55) was recorded with
simultaneous planting, followed by mungbean
sown seven days after upland rice establishment
(S4 with 2.33, and 14 days after upland rice
establishment (Ss) with ATER of 2.14. The
lowest ATER (1.38) occurred when mungbean
was sown seven days before upland rice (Sz). In
contrast, mungbean that was planted 14 days
before upland rice achieved an ATER of 1.15.
This variability aligns with findings from other
studies by Mandal et al. (1990), Tsay et al. (1998)
and Addo-Quaye (2011) on how different sowing
times of intercropped crops significantly affect
leaf area index (LAI), crop growth rate (CGR),
and net assimilation rate (NAR).

Table 4. Land equivalent ratio and area time equivalent ratio of upland rice (Oryza sativa L.) var. NSIC Rc27 as
influenced by intercropping scheme and time of sowing of mungbean (Vigna radiata L.) intercrop

Treatment

Land equivalent ratio (LER)

Area time equivalent ratio (ATER)

Time of planting of mungbean

intercrop
S: 1.29¢ 1.15°
S 1.48b¢ 1.38°
Ss3 2.042 2.55°
Sy 1.922 2.33?
Ss 1.842 2.142
Mean 1.71 1.91
CV (a) % 11.41 13.75
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Figure 4. Interaction on land and area time equivalent ratio of upland rice (Oryza sativa L.) var. NSIC Rc27 as
influenced by time of sowing of mungbean bean (Vigna radiata L.) intercrop.

3.7. Yield and Yield Components of Upland rice
Intercropping schemes showed no significant
impact on productive tillers and filled and
unfilled grains of upland rice (Table 5). However,
there were significant differences in upland rice
yield. Monocropping of upland rice outperformed
intercropping, consistent with Mandal et al.
(1989), who found higher effective tiller numbers
in monocropped rice. Light's crucial role in plant
growth, highlighted by Hossain et al. (2009) and
Feng et al. (2019), underscores the need to
establish a threshold for sustainable crop
production. Notably, in the intercropping system
with mungbean (Ms) shading upland rice, there
was a decline in upland rice performance,
particularly in grain components.

Significant effects of intercropping timing were
observed on productive tillers, unfilled grains,
and upland rice yield, with the highest mean
numbers recorded when mungbean was planted
14 days before upland rice establishment (Sa).
This suggests that timing mungbean planting 14
days before upland rice is optimal, leading to
improved parameters such as increased
productive tillers and filled grains, and reduced
unfilled grains compared to other timings. No

178

significant variations were observed in filled
grains, and there was no significant interaction
effect between different intercropping schemes
and timings. This contradicts research by
Cagasan and Amarado (2023), who found that
simultaneous planting and a 2-week delay after
upland rice establishment produced the heaviest
panicles. Additionally, Alemayehu et al. (2017)
and Chemeda (1997) observed greater maize crop
height when legume crops were planted
simultaneously with maize but found that delayed
bean planting led to increased maize grain yield
in maize/bean cropping systems.

Analysis of variance revealed significant
differences in rice yields among intercropping
schemes and based on the timing of mungbean
intercropping (Fig. 5). The interaction between
intercropping schemes and mungbean sowing
time was also significant (p<0.05), indicating the
importance of both intercropping systems and
sowing timing for rice yields. Previous research
on rice-cowpea intercropping by Oroka and
Omoregie (2007) showed that higher rice
densities in cereal-legume intercrops do not
substantially decrease grain yield. However,
early establishment of mungbean intercropping
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resulted in the highest yield, contrary to findings planting is necessary for optimal yields of both
by Addo-Quaye et al. (2011) that simultaneous crops.

Table 5. Productive tillers, number of filled and unfilled grains, and yield of upland rice (Oryza sativa L.) var. NSIC
Rc27 as influenced by the intercropping scheme and time of sowing of mungbean (Vigna radiata L.) intercrop

Treatment Productive tillers  Filled grains Unfilled grains Yield (ton/ha)

Intercropping scheme

M; = Monocropping upland 11.76 43.41 62.66 1.452
rice
Ms = Intercropping system 7.84 35.54 57.15 1.03%
(upland rice)
Mean 9.81 39.48 59.91 1.24
Time of planting of mungbean
intercrop
S1 12.622 50.07 50.36™ 2.03?
Sz 8.48%¢ 46.40 66.87% 1.15°
Ss 9.12b¢ 32.07 66.032¢ 1.01%
Ss 11.18%® 34.85 51.95% 1.09%
Ss 7.63¢ 34.02 64.32% 0.93
Mean 9.80 39.48 59.91 1.24
ISx TPI ns ns ns e
CV (a) % 28.48 23.18 17.87 18.22
CV (b) % 24.46 30.08 10.81 15.63

3.00

2.50

2.00

1.50

1.00 s ¢ Y ——

0.50

0.00

S1 S2 S3 S4 S5

e \/1- Monocropping Upland rice

s V13- Intercropping scheme (Upland rice+mungbean)

Figure 5. Interaction on the yield of upland rice (Oryza sativa L.) var. NSIC Rc27 as influenced by intercropping
scheme and time of sowing of mungbean (Vigna radiata L.) intercrop
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3.8. Yield and yield components of mungbean
variety Pag-asa 19

No significant differences were observed in the
number of pods per plant and seeds per pod of
mungbean (Table 6). However, significant
differences were noted in mungbean yield across
different intercropping systems. Particularly,
mungbean in intercropping system Mjs displayed
a higher number of pods per plant and seeds per
pod, yielding comparably to monocropping. This
aligns with Zhang and Li (2003) findings, which
indicated that intercropping tends to yield higher
compared to corresponding mono-crops of wheat,
maize, or soybean. However, this contrasts with
Ghosh's (2004) findings, which reported lower
pod yields for groundnut in intercropped plots
compared to monoculture plots.

Table 6. Number of pods, number of seeds per pod, and yield of mungbean as influenced by

Significant differences were observed in both the
number of pods per plant and the overall yield of
mungbean, influenced by intercropping timing.
Notably, there were no significant variations in
the number of seeds per pod. Planting mungbean
14 days before upland rice establishment resulted
in the most substantial increase in both the
number of pods per plant and overall yield.
Additionally, earlier mungbean sowing times,
specifically seven and fourteen days before
upland rice, led to the highest number of seeds per
pod. The advantages of planting mungbean
earlier are evident in reduced competition for
resources with subsequently planted upland rice,
allowing mungbean to allocate more resources
towards essential processes like pod formation
and seed development.

intercropping

scheme and time of sowing of mungbean (Vigna radiata L.) intercrop

Treatment Number of pods per Number of seeds Yield (ton/ha)
plant per pod

Intercropping scheme

Mz=Monocropping mungbean 9.90 10.67 2.65%

Ma= Intercropping  system 10.01 10.90 2.31%

(mungbean)

Mean 9.96 10.79 248

Time of planting of mungbean

intercrop

S1 11772 11.28 3.622

Sz 9.92%¢ 11.62 2.71b¢

Ss 8.20° 10.90 2.543b¢

S4 9.02°¢ 9.85 1.85%

Ss 10.88% 10.28 1.70¢

Mean 9.96 10.79 2.48

ISx TPI ns ns wx

CV (a) % 12.39 2.94 27.20

CV (b) % 18.15 9.51 13.31

A statistically significant interaction (p<0.05)
was observed in mungbean yield, influenced by
both intercropping scheme and mungbean sowing
timing. Monocropping of upland rice yielded
comparable results to the intercropping system
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(Fig. 6). Planting mungbean 14 days before
upland rice establishment (S;) resulted in the
highest mungbean yield. These findings align
with Misbahulmunir et al. (1989) research, which
reported the highest intercrop peanut yield when
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maize and groundnuts were planted earlier and
simultaneously. This parallelism suggests a

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

S1 52

potential universality in the positive impact of
strategic timing on intercropping yield.

53 54 55

— M 2- Monocropping Mungbean

wms V13- INtercropping scheme (Upland rice+mungbean)

Figure 6. Interaction on the yield of mungbean response as influenced by intercropping scheme and time of sowing

of mungbean (Vigna radiata) intercrop

3.9. Weed parameters

In the monocropping of upland rice (M), the
highest weed count was recorded, including
various weed species (Table 7). Conversely,
treatment under monocropping of mungbean
(M) and intercropping of upland rice-mungbean
(M3) had fewer weeds due to shading, which
limited weed development and created an
unfavorable germination environment (Gallon et
al., 2018). Significant differences were observed

in the weed population affected by the timing of
mungbean intercropping, with an interaction
effect between the intercropping scheme and
mungbean sowing time (Table 7 & Fig. 7).
Planting mungbean before upland rice creates
conditions favorable for early weed emergence,
as weeds utilize sunlight and nutrients before rice
establishment. Early mungbean  planting
stimulates dormant weed seed germination,
contributing to a higher weed population.

70.00
60.00
50.00
40.00
30.00
20.00
10.00 o .
.00 3.6% — 3-33 4.33 467
s1 s2 S3 sS4 S5
M1- Monocropping Upland rice
m— 12 - Monocropping Mungbean
M3- Intercropping scheme (Upland rice + Mungbean)
Figure 7. Interaction on the weed population as influenced by intercropping scheme and time of sowing of

mungbean (Vigna radiata) intercrop



Labrador et al.,

SVU-International Journal of Agricultural Sciences, 6 (1): 168-189, 2024

3.9.1. Fresh weight of weeds (kg ha-1)

Figure 8 displays fresh weed biomass data
indicating significant interactions (p<0.05)
between the intercropping scheme and mungbean
sowing times at 60 DAS. Weed-free conditions
resulted in substantially lower biomass (9.80 kg
ha-!) in mono-cropped mungbean compared to
weed-infested upland rice (320.93 kg ha-!),
attributed to wupland rice's slower canopy
development. Mungbean's faster growth and
canopy formation make it more competitive with
weeds, reducing biomass. However, some weeds
thrive due to upland rice's slower development,
allowing more sunlight to reach the soil.
Intercropping and simultaneous planting of
mungbean exhibit competitiveness in reducing

600.00
500.00
400.00
300.00
200.00

100.00

Bep

S2

7.60
S1

0.00

1483

weed biomass compared to monocropping with
upland rice.

Mungbean sowing times impact fresh weed
biomass, with simultaneous planting yielding the
minimum (13.11 kg ha-*) and sowing 14 days
before main crop establishment producing the
maximum (24.11 kg ha-'). Monocropping

mungbean and simultaneous planting in
intercropping demonstrate effectiveness in
minimizing weed biomass compared to

monocropping upland rice and other mungbean
sowing times. Due to wider leaf area and
smothering effects, alighing with previous studies
on maize-legume intercrops (Rashid et al., 2011,
Lelei et al., 2009).

12.33
54

a7

S3 S5

s \1- Monocropping Upland rice

M2- Monocropping Mungbean

M3- Intercropping scheme (Upland rice + Mungbean)

Figure 8. Interaction on the fresh weight of weeds as influenced by intercropping schemes and
time of sowing of mungbean (Vigna radiata) intercrop

Dry weed biomass, like fresh weed biomass, is
significantly influenced by the intercropping
system and mungbean sowing time (Table 7),
with a significant interaction observed (p<0.05)
(Fig. 9). Intercropping reduces dry weed biomass
in weed-infested plots compared to weed-free
plots, with mungbean sowing 14 days before
upland rice (Sy) significantly reducing dry weed
biomass. Intercropping (Ms) yields the minimum
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dry weed biomass (2.00 kg ha-!) compared to
monocropping treatments. Simultaneous
planting,  particularly  in intercropping,
contributes to a reduction in dry weed biomass,
likely due to substantial canopy coverage
provided by mungbean plants, fostering
competition against weeds.

In contrast, monocropping upland rice and
staggered mungbean sowing in intercropping
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and establish more easily. This highlights the
critical role of time in planting in shaping
competitive dynamics between crops and weeds
in intercropping systems.

expose weeds to abundant sunlight, creating
favorable conditions for their growth. Varying
time of planting in intercropping systems leads to
uneven competition or resource availability,
allowing weeds to exploit gaps in canopy cover

13 =6%
121.00
101.00
81.00
61.00
41.00
21.00
1.00 3. 33— 1.00 2:67 360 233
S1 S2 S3 S4 S5
e \]1- Monocropping Upland rice
s M2 - MoONocropping Mungbean
M3- Intercropping scheme (Upland rice + Mungbean)
Figure 9. Interaction on the dry weight of weeds as influenced by intercropping scheme and time of sowing of

mungbean (Vigna radiata) intercrop

Table 7. Weed population, fresh weight of weeds, and dry weight of weeds as influenced by
scheme and time of sowing of mungbean (Vigna radiata L.) intercrop

intercropping

Treatment Weed population Fresh weight of Dry weight of weeds
weeds

Intercropping scheme

M1 = Monocropping upland rice 41.932 320.932 106.732

M2 = Monocropping mungbean 7.93° 9.80° 2.43°

Mz = Intercropping system (Uplandrice  3.93° 12.20° 2.00°

+ Mungbean)

Mean 17.93 114.31 37.05

Time of planting of mungbean intercrop

S1 24.112 143,78 45.442

S2 15.11% 210.442 45,112

S3 13.11% 52.22% 28.00%

Sa 18.00% 103.78%¢ 37.22%

Ss 19.33%® 61.34% 29.50%

Mean 17.93 114.31 37.05

ISX TPI *x o o

CV (a) % 29.33 28.45 32.42

CV (b) % 23.96 25.36 28.41
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3.10. Cost and return analysis

The cost and return analysis on upland rice and
mungbean under different cropping systems are
reflected in Tables 9 and 10, respectively,
considering various intercropping schemes and
mungbean sowing time as the variables of this
undertaking.

For upland rice, the monocropping scheme
outperformed the intercropping scheme in gross
income (Table 9). However, an exception was
observed with different mungbean sowing times.
Optimal results were achieved when mungbean
was planted 14 days before upland rice
establishment (S,), yielding the highest gross
income (PhP111,650), net income
(PhP70,325.00), and an impressive return on

investment (ROI) of 170.18 %. Conversely, the
least favorable outcomes were observed when
mungbean was planted 14 days after upland rice
establishment (Ss).

These findings diverge from earlier reports
suggesting a yield advantage in crop mixtures
over monoculture for upland rice (Ahmed et al.,
2011). However, they align with the conclusion
of Boakye-Achampong (2017), which indicated a
decline in grain yield with increasing
intercropping intensity. Islam et al. (1993)
specifically highlighted the susceptibility of
mungbean to competition from maize in this
intercropping system, attributing reduced yield to
the perceived impact of light competition as the
primary limiting factor.

Table 8. Profit cost and return analysis of upland rice (Oryza sativa L.) NSIC Rc27 variety as influenced by the

intercropping scheme and time of sowing of mungbean (Vigna

radiata L.) intercrop

Treatment Yil(on  Grossincome  Tom AR Netprofit PhP) ROl (%
Intercropping scheme
Mz = Monocropping Upland 145 79,750.00 41,325.00 38,425.00 92.98
Ms=Intercropping ~ system , gq 56,650.00 41.325.00 15,325.00 37.08
(Upland rice)
Mean 1.24 68,200.00 41,325.00 28,875.00 69.87
Time of planting of mungbean
intercrop
St 2.03 111,650.00 41.325.00 70,325.00 170.18
S 1.15 63,250.00 41.325.00 21,925.00 53.05
S3 1.01 55,550.00 41,325.00 14,225.00 34.42
S4 1.09 59,950.00 41,325.00 18,625.00 45.07
Ss 0.93 51,150.00 41,325.00 9,825.00 23.77
Mean 1.24 68,310.00 41,325.00 26,985.00 65.30

The gross profit is based on the farm gate price of PhP 55.00 per kilogram

On the cost analysis of mungbean, monocropping
mungbean demonstrated a higher gross income of
PhP238,500.00 (Table 10). Remarkably, planting
mungbean 14 days before upland rice
establishment (Mi) again yielded the most
favorable results, with the highest gross income
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(PhP324,900.00), net income (PhP283,575.00),
and an exceptional ROI of 686.21%. Conversely,
the least favorable outcomes were noted when
mungbean was sown seven days after upland rice
establishment.
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Table 9. Profit cost and return analysis of mungbean as influenced by intercropping schemes and time of sowing of

mungbean (Vigna radiata L.) intercrop.

Yield (ton Gross income Total variable . 0
Treatment hat) (PhP ha 1) cost (PhP ha) Net profit (PhP) ROI (%)
Intercropping
scheme
M. = Sole
cropping 2.65 238,500.00 41,325.00 197,175.00 477.13
Mungbean
Ma=Intercroppin
g system 2.31 207,900.00 41.325.00 166,575.00 403.09
(Mungbean)
Mean 2.48 119,250.00 41,325.00 181,875.00 440.19
Time of planting
of mungbean
intercrop
S1 3.61 324,900.00 41.325.00 283,575.00 686.21
Sz 2.71 243,900.00 41.325.00 202,575.00 490.20
Ss 2.54 228,600.00 41,325.00 187,275.00 453.18
S4 1.85 166,500.00 41,325.00 125,175.00 308.96
Ss 1.70 153,000.00 41,325.00 111,675.00 270.24
Mean 2.48 223,380.00 41,325.00 182,055.00 441.76

The gross profit is based on the farm gate price of PhP 90.00 per kilogram.

4. Conclusion

Intercropping upland rice with mungbean showed
minimal  impact on  most  agronomic
characteristics and yield components of both
crops. However, significant differences were
observed in flowering time, maturity, and yield,
with optimal results when mungbean was planted
14 days before upland rice establishment.
Mungbean planting time also affected its
characteristics, with early planting leading to
earlier flowering and maturity. All intercropping
arrangements showed land and area-time
equivalence, indicating compatibility. Interaction
effects between the intercropping scheme and
mungbean sowing time were noted, especially in
flowering, maturity, and weed parameters.
Monocropping and mungbean planted two weeks
before upland rice establishment resulted in a
slightly higher gross profit.

Recommendations
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Planting mungbean two weeks before upland rice
establishment is recommended. Further research
on diverse varieties of both crops in intercropping
systems is necessary. Validation in different
locations is essential. On-farm demonstrations
should be conducted where intercropping is
applicable.
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