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ABSTRACT

More than 75 percent of households growing maize and soybean adopts the monoculture
method. The relay cropping of soybean-maize is a strategic choice to increase the planted
area and productivity of these two commodities' sustainability in tidal swamps. The research
aimed to study the land equivalent ratio (LER), determine the best planting spacing and
soybean varieties, and the best relay cropping of maize on saturated soil culture in tidal
swamps. The experiment was on mineral soils with type B tidal swamps, in Banyuasin, South
Sumatra, from July to December 2022. The experiment used a three-factor randomized
complete block design with three replications. The first factor was soybean varieties:
Argomulyo, Gepak Kuning, Detap 1, and Demas 1, the second factor was soybean planting
spacing: 78 cm x 15 cm x 12.5 cm and 60 cm x 40 cm x 10 cm, and the third factor was the
relay cropping of maize: 30 and 45 days after planting (DAP) of soybeans. Results showed
that plant height, number of leaves, number of branches, filled pods, 100 seeds weight, and
seed yield were influenced significantly by varieties. Demas 1 variety produced a higher seed
yield, with relay cropping and monoculture, i.e,, 4.2 tons ha'! and 4.1 tons ha’l, respectively.
Plant height, stem diameters, number of leaves, 100 grains weight, and grain yield in maize
were significantly higher at soybean planting spacing of 78 cm x 15 cm x 12.5 cm and relay
cropping at 30 DAP. The LER values > 1, indicated that relay cropping increased land
productivity as compared to monoculture cultivation. The LER at relay cropping of 30 DAP
was significantly highest for Argomulyo and Detap 1 varieties, i.e, 1.8 and 1.8, respectively.

Keywords: Land equivalent ratio, planting spacing, relay cropping, saturated soil culture,
tidal swamps

INTRODUCTION

More than 75 percent of households planting maize and soybean crops adopt the
monoculture cultivation method (BPS, 2020). Monoculture means only a single crop exists
on the farm. The tidal swamp becomes a food production area in Banyuasin Regency with
a total area of 0.23 million ha with a single planting index (planted once a year), i.e.,
between November-March (BAPPEDA of Banyuasin Regency, 2019). Such a situation is an
opportunity to increase maize and soybean yields through relay cropping in tidal swamps.
Relay cropping is one way to increase the planting index of soybean and maize in tidal
swamps (Ghulamahdi et al., 2017). Relay cropping is a double-cropping pattern in which
a second crop is planted among the first crop when the first crop enters the reproductive
period before harvest. This pattern increases the land equivalent ratio (LER) and
improves soil fertility through nitrogen fixation by soybean (Zaeem et al., 2019).
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The maize+soybean relay cropping is possible because these two crops can have
beneficial complementary effects. Soybean leaves spread horizontally, allowing for
sufficient light (Ghulamahdi et al., 2017). Soybean has low light use efficiency (LUE) and
radiation use efficiency (RUE) due to the deep shade created by the maize canopy
(Blessing et al., 2022). Maize requires high nitrogen, and some nitrogen can be obtained
from nitrogen fixation by soybean with the help of Rhizobium japonicum bacteria. The
relay cropping has an average LER of 1.32 and a Fertilizer N Equivalent Ratio of 1.44,
meaning that the same results in the same unit area a monoculture requires 44% more
nitrogen fertilizer than that of relay cropping (Xu et al., 2020).

The time of planting is important in the relay cropping system because it determines
the success of maize+soybeans production. Soybeans planted 21 days before planting
maize produce the highest number of pods as compared to those planted 21 days after
planting maize (Aziz and El-rack, 2012). Soybean planted 30 days before maize resulted
in soybean nodule dry weight, and nitrogenase activity, respectively 34.2% and 12.5%
higher than monoculture. The amount and ratio of N: fixation in relay cropping are
significantly higher than in monoculture, which reduced N application (Du et al.,, 2020).
Planting maize 30 days after soybeans planting can keep the stomata open longer than
monoculture (320 mmol m-2s1 vs 100 mmol m-2s-1) because maize in relay cropping
experiences less water stress (613C: -10.12%) than monoculture (Khongdee et al., 2021).

The soybean-maize relay cropping in a tidal swamp is carried out with saturated soil
culture. This culture technique is providing continuous irrigation and ensures a constant
water level so that the subsoil layer is saturated with water and can eliminate the negative
effects of excess water. Furthermore, the plants acclimatize and improve their growth by
allocating photosynthate to the lower part of the plant for root growth and root nodule,
thereby increasing leaf nutrient uptake and soybean yields compared to conventional
methods (Ghulamahdi et al., 2015). This system can suppress pyrite oxidation, prevent a
decrease in pH, reduce Al and Fe, and increase nutrient availability (Noya et al., 2014),
thereby increasing the number of branches and filled pods per plant, seed dry weight per
plant, and soybean productivity compared to temporary flooding (Ghulamahdi et al,,
2016). This system increases maize productivity by 28%, significantly higher than the
temporary inundation treatment (Maulana et al., 2019). Maize production increases by
about 7% when the soil is saturated with water and decreases by about 10% when the soil
is dry (Peichl et al, 2018). This research aimed to study the land equivalence ratio,
determine the best planting space and soybean varieties, and the best relay cropping of
maize on saturated soil culture in tidal swamps.

MATERIALS AND METHODS

The research was conducted in an overflow type B tidal swamp, which is only flooded
by large tides (Ghulamahdi et al., 2017), at Banyuasin Regency, South Sumatra, from July
to December 2022. The experiment used a three-factor randomized complete block design
with three replications. The first factor was soybean varieties, namely: Argomulyo, Gepak
Kuning, Detap 1, and Demas 1. The second factor was soybean plant spacing, namely: 78
cmx 15 cm x 12.5 cm and 60 cm x 40 cm x 10 cm. The third factor was the relay cropping
of maize at 30 and 45 days after planting (DAP) of soybeans. The calculated LER was
determined by conducting monoculture maize and soybean experiments.

A trial plot was made sized 4.0 m x 3.0 m. Each plot was surrounded by a canal ditch
with a width of 30 cm and a depth of 40 cm. The canals were filled with water as high as
20 cm from the bottom of the channel (the water level was 20 cm from the land surface)
continuously from the planting until harvesting time so that the layer under the roots was
water saturated. Furthermore, the soil amendment application consisted of 1.0 tons ha-!
of manure, 2.0 tons ha'! of lime, and 500 kg ha-! of husk charcoal.

In relay cropping, soybean seeds inoculated with Rhizobium sp. (5 g kg! seed) were
planted at a spacing of 78 cm x 15 cm x 12.5 cm (400,000 plants ha1) and 60 cm x 40 cm
x 10 cm (400,000 plants ha'1). In monoculture, soybean planted at a spacing of 40 cm x
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12.5 cm (400,000 plant ha'l), with two seeds per planting hole, and maize was at 100 cm
x 25 cm (40,000 plants ha'1), with one seed per planting hole.

Fertilizer was applied one week before planting. The fertilizer for soybeans consisted
of 200 kg hat SP36, and 100 kg ha-1 KCl applied in grooves. Urea was applied through the
foliar at 10 g Urea L1 at 2, 3, 4, and 5 weeks after planting (WAP). Fertilizers for maize
consisted of 200 kg ha1 SP36, 100 kg ha-1 KCI, and 150 kg ha! urea applied in rows. The
second fertilizer was 150 kg ha! urea for maize at 30 DAP.

Maintenance consisted of canal maintenance, weeding, and pest and disease control.
The soybeans were harvested after plants have shed their leaves and pods had brownish
yellow color with a moisture content of about 17-20%. Maize was harvested when the cob
skin turned yellow and hard and shiny seeds with a moisture content of about 35%, then
sun-dried for seven days to reach a moisture content of about 20% (Suparlan et al. 2018).
The observations were carried out for plant growth and yield, including the calculation of
the land equivalent ratio (LER).

The data were analyzed using ANOVA and then continued using Duncan Multiple
Range Test (DMRT) posthoc test at 95% intervals of significance (Mattjik & Sumertajaya,
2013). Interception of sunlight was measured by comparing light intensity outside the
maize canopy to the light intensity under the maize canopy using a lux photometer (LiCor
model Li 189) in the morning (08:00 WIB), afternoon (12:00 WIB), and evening (17:00
WIB) followed Palijama et al. (2012). The LER value is the ratio between the area required
in a monoculture system and the relay cropping pattern (Romyen et al. 2018).

RESULTS AND DISCUSSION

Correlation between age and plant height of maize and soybean varieties

The growth performance of soybean at 8 WAP and maize at 4 WAP using relay
cropping of soybean-maize is presented in Figure 1. Soybean varieties with moderate
plant growth (Gepak Kuning) and higher plant growth (Demas 1) had higher shade levels
for maize relay cropping compared to shorter-growth soybeans (Argomulyo and Detap 1).
The maize with relay cropping at a soybean with a spacing of 78 cm x 15 cm x 12.5 cm, the
varieties of Argomulyo and Detap 1, were shaded for two weeks, Gepak Kuning was
shaded for three weeks, and Demas 1 was shaded for four weeks (Figure 2). The maize
with relay cropping at a spacing of soybeans 60 cm x 40 cm x 10 cm for varieties
Argomulyo and Detap 1, were shaded for three weeks, Gepak Kuning was shaded for four
weeks, and Demas 1 was shaded for five weeks (Figure 3).

(a) Argomulyo+Maize

(b) Detap 1 + Maize (c) Gepak Kuning + Maize (d) Demas 1 + Maize

Figure 1. Growth performance of soybean varieties at 8 WAP and maize 4 WAP relay cropping of soybean-maize.
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Figure 2. Relationship between plant age and height of maize and of soybean varieties in relay cropping with
soybean spacing of 78 cm x 15 cm x 12.5 cm.
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Figure 3. Relationship between plant age and height of maize and of soybean varieties in relay cropping with
soybean spacing of 60 cm x 40 cm x 10 cm.

Soybean growth and yield

Planting space did not significantly affect the plant height, the number of leaves, and
the number of branches of soybean, but those variables significantly differed among
varieties at 8 WAP (Table 1). The highest leaf and branch numbers were Demas 1, followed
by Gepak Kuning, Argomulyo, and Detap 1. The relay cropping time of maize did not
reduce soybean growth because maize was planted at 30 and 45 DAP, so the vegetative
phase of soybeans was in a monoculture environment. Under monoculture cultivation,
soybean received sufficient sunlight, water, and nutrients so that the process of
photosynthesis in the leaves was optimal. Therefore, plant height, number of leaves, and
branches of soybean were not significantly different as compared to monoculture.

Plant spacing had no significant effect on the number of filled pods, 100-seed weight,
and seed yield, but variety had a significant effect on those variables (Table 2). The
soybean variety with the number of productive pods and seed yield higher was Demas 1.
The relay cropping time did not reduce the yield of soybean seeds. It is probable that for
relay cropping at 30 and 45 DAP soybeans, the generative phase of soybeans in
monoculture received sufficient sunlight, water, and nutrients therefore photosynthesis
seemed optimum resulting in yield of soybean seeds was not significantly different from
monoculture. In addition, soybean spacing is designed with the same population to
increase soybean productivity by plant population, narrowing the soybean plant spacing
in rows and stretching the plant spacing between soybeans for maize relay cropping.
Therefore the competition for soybean plants has balanced the utilization of sunlight and
nutrients (Irwan et al, 2019). Spacing with the same population causes enough
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photosynthesis for soybean plants so that root becomes optimal (Widyaningrum et al.,
2018; Raza et al.,, 2019).

Table 1. Plant height, number of leaves, and branches of soybean at spacing treatment,
soybean varieties, on relay cropping and monocultures at 8 WAP.

Treatment Plant height ~ Number of Number of

(cm) leaves branches

Soybean spacing

78cmx15cmx 12,5 cm 60.4a 23.8a 3.9a

60 cmx40cmx 10 cm 61.3a 23.6a 3.9a
Soybean varieties in relay cropping

Argomulyo 52.9c 21.3c 3.1c

Gepak Kuning 63.3b 24.9b 4.3b

Detap 1 54.7c 21.4c 3.3c

Demas 1 72.5a 27.1a 5.3a
Soybean varieties in monoculture

Argomulyo 51.0c 19.4c 3.1c

Gepak Kuning 62.3b 23.8b 4.2b

Detap 1 53.1c 19.7c 3.2c

Demas 1 70.2a 26.8a 5.2a

Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.

Table 2. Number of filled pods, 100 seeds weight, and seed yield of soybean at spacing
treatment, soybean varieties, on relay cropping and monocultures.

Number of 100-seeds Seed yield

Treatment filled pods  weight (g) (ton ha)

Soybean spacing

78cmx15cmx 12,5 cm 68.8a 17.1a 2.9a
60cmx40cmx 10 cm 66.1a 16.7a 2.9a
Soybean varieties in relay cropping
Argomulyo 42.6¢ 20.9a 2.2c
Gepak Kuning 84.7b 12.4b 3.2b
Detap 1 43.0c 20.5a 2.3c
Demas 1 103.6a 13.6b 4.2a
Soybean varieties in monoculture
Argomulyo 40.7c 20.0a 2.2c
Gepak Kuning 83.7b 12.7b 3.2b
Detap 1 41.3c 20.7a 2.2c
Demas 1 101.3a 12.0b 4.1a
Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.

Light interception of maize on spacing and soybean varieties

The interception of sunlight was significantly affected by spacing and soybean
varieties (Table 3). Maize planted at a spacing of 78 cmx 15 cm x 12.5 cm from 15-60 DAP
had higher light interception than that planted at a spacing of 60 cm x 40 cm x 10 cm.
Maize with relay cropping on Argolmulyo and Detap 1 variety aged 15-60 DAP had
significantly higher light intercept than that grown on relays on Gepak Kuning and Demas
1. The greater the absorption of sunlight, the better the growth of maize plants because
adequate assimilate stimulates root growth and increases nutrient absorption
(Soleymani, 2018). Meanwhile, maize grown in low intercepted sunlight decreases
chlorophyll, carbohydrates, fat, N content, and grain yield as compared to those that
receive full sunlight (Syafruddin et al,, 2014).
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Table 3. Interception of sunlight on maize with spacing treatment and soybean varieties.

Maize light interception (%)

Treatment 15 DAP 30 DAP 45 DAP 60 DAP
Soybean spacing
78cmx15cmx12.5cm 89.3a 80.4a 70.5a 57.8a
60cmx40cmx 10 cm 83.7b 75.1b 65.1b 48.8b
Soybean varieties
Argomulyo 89.2a 80.7a 71.3a 59.9a
Gepak Kuning 86.3b 76.8b 67.0b 52.6b
Detap 1 88.8a 80.5a 71.1a 59.4a
Demas 1 81.7c 72.8¢ 61.7c 41.0c
Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.

Maize growth and yield

Soybean spacing significantly affected the plant height, stem diameters, and leaves of
maize (Table 4). Plant height, stem diameters, and leaves the number of maize were
highest at 30 DAP of soybean planting with a spacing of 78 cm x 15 cm x 12.5 cm compared
to 45 DAP of soybean planting with a spacing of 60 cm x 40 cm x 10 cm. Therefore at 30
DAP, the soybean spacing of 78 cm x 15 cm x 12.5 cm, and the light intercept of maize of
80.39%, significantly higher than that of the 45 DAP, the soybean spacing of 60 cm x 40
cm x 10 cm, which was 75.05% (Table 3).

Table 4. Plant height, stem diameters, and leaf numbers of maize of relay cropping time
and soybean spacing at 8 WAP.

Plant height  Stem diameters Leaf
Treatment
(cm) (cm) number
Soybean spacing in 30 DAP- planting time
78cmx15cmx 12.5 cm 154.3a 1.4a 11.2a
60cmx40cmx 10 cm 133.8b 1.3b 9.0b
Soybean spacing in 45 DAP- planting time
78cmx15cmx 12.5 cm 127.2c 1.2bc 8.0cd
60cmx40cmx 10 cm 103.9d 1.1c 6.7d
Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.

Maize relay cropping on soybean varieties significantly affects the plant height, stem
diameters, and leaf number. The higher values of plant height, stem diameters, and leaf
number were in the relay cropping time of 30 DAP compared to 45 DAP. The higher plant
height, stem diameters, and the number of leaves were in Argomulyo and Detap 1,
followed consecutively by Gepak Kuning and Demas 1, both at relay cropping times of 30
and 45 DAP (Table 5).

Soybean spacing, soybean varieties, and maize planting date significantly affected
100-grain weight, and grain yield of maize. The 100-grain weight and grain yield of maize
at a soybean spacing of 78 cm x 15 cm x 12.5 cm were significantly higher than at the
spacing of 60 cm x 40 cm x 10 cm. The highest 100-grain weight and grain yield of maize
were reached from the relay cropping with Argomulyo and Detap 1, followed
consecutively by Gepak Kuning and Demas 1. Based on maize planting date, the 100-grain
weight and the grain yield of maize were higher from relay cropping at 30 DAP compared
to 45 DAP (Table 6). Such results could be due to at 30 DAP the intercept of light received
by the maize of relay cropping on varieties Argomulyo, Detap 1, Gepak Kuning, and Demas
1 were significantly higher than that at 45 DAP (Table 3).
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Table 5. Plant height, stem diameters, and leaf number of maize at 8 WAP, as affected by
soybean varieties at two relay cropping times of maize and monocultures.

Plant height Stem diameters

Treatment Leaf number
(cm) (cm)
Soybean varieties - maize
planting date 30 DAP
Argomulyo 155.5b 1.5b 11.3b
Gepak Kuning 141.3c 1.2c 9.6¢
Detap 1 154.1b 1.5b 11.3b
Demas 1 125.4d 1.1cd 8.3d
Soybean varieties - maize
planting date 45 DAP
Argomulyo 129.1d 1.3c 7.9de
Gepak Kuning 109.8e 1.0de 7.2ef
Detap 1 128.6d 1.3c 7.9de
Demas 1 94.3f 0.9e 6.6f
Monoculture - maize planting
date
30 DAP 162.6a 1.6a 12.2a
45 DAP 162.5a 1.6a 12.1a

Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.

Table 6. The 100-grain weight and yield of maize on the soybean spacing, soybean
varieties, and relay cropping time.

Treatment 100-grain weight (g)  Grain yield (ton ha't)
Soybean spacing
78cmx15cmx12.5 cm 26.7b 4.5b
60cmx40cmx 10 cm 23.8c 3.3c
Soybean varieties
Argomulyo 26.9b 4.6b
Gepak Kuning 24.7c 3.6¢
Detap 1 26.4b 4.6b
Demas 1 23.1d 2.9d
Maize planting date in relay cropping
30 DAP 27.5b 4.8b
45 DAP 23.0c 3.1c
Maize planting date in monoculture
30 DAP 30.3a 7.3a
45 DAP 30.7a 7.4a
Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.

Overall, plant height, stem diameter, leaf number, 100-grain weight, and grain yield
of maize were significantly lower in relay cropping compared to monoculture. In relay
cropping, the vegetative phase of maize was in a shaded environment and insufficient
sunlight. The longer and higher the shade level, the lower the sunlight absorbed by the
maize, the lower the photosynthesis result, and the lower the maize grain yield. Maize is a
C4 plant that is sensitive to low light. Maize in 35% shade decreased cob weight, cob
length, grain number per row, and grain weight per ear compared to no shade (Andayani
et al,, 2020). At 50%, 70%, and 85% shade, maize experienced a decrease in grain yields
0f 9.0%, 18.4%, and 67.9%, respectively lower than without shaded (Yang et al., 2022).
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Land equivalent ratio (LER)

The maize grain yield was determined by the height of soybean plants followed the
soybean varieties. The order of maize yield from high to low following the soybean
varieties Argomulyo and Detap 1 (short plant), Gepak Kuning (medium plant height), and
Demas (highest plant). The different plant heights of soybean determined the reception of
sunlight by maize.

The soybean-maize relay cropping significantly had a higher land use efficiency
compared to monoculture. The LER values were higher at 30 DAP maize relay cropping
compared to 45 DAP (Table 7). The highest LER values, 1.81 and 1.80, at 30 DAP relay
cropping was reached when Argomulyo and Detap 1 varieties were used as the first crop
before planting the maize. The LER value is the ratio of area needed under monoculture
to a unit area of relay cropping at the same management level to give an equal amount of
yield. The LER values > 1 indicate that relay cropping can increase land productivity as
compared to monoculture (Romyen et al.,, 2018). The LER values of the maize + soybean
relay cropping can reach 1.7-1.8 when the two plants are planted in optimal populations
(Raza et al, 2019). It should be considered that result of Raza et al. (2019) was an
experiment conducted on upland field unlike in present experiment that was conducted
in swampy ecosystems.

Table 7. The LER values and yields of soybeans and maize in the treatment of relay
cropping soybean-maize.

Soybean yield Maize yield

Perlakuan (ton ha'1) (ton ha'1) LER
Soybean varieties at maize planting date
30 DAP
Argomulyo 2.2c 5.7b 1.81a
Gepak Kuning 3.2b 4.4c 1.60b
Detap 1 2.2¢c 5.6b 1.80a
Demas 1 4.2a 3.7d 1.50c
Soybean varieties at maize planting date
45 DAP
Argomulyo 2.2c 3.6d 1.50c
Gepak Kuning 3.2b 2.8e 1.40d
Detap 1 2.3c 3.6f 1.50c
Demas 1 4.2a 2.2g 1.30d
Soybean varieties in monoculture
Argomulyo 2.2¢
Gepak Kuning 3.2b
Detap 1 2.2c
Demas 1 4.1a
Planting dates of maize in monoculture
30 DAP 7.3a
45 DAP 7.4a
Note: Numbers followed by the same letters in the same column are not different significantly based
on DMRT at 5% level.
CONCLUSIONS

The results concluded that plant height, number of leaves, number of filled pods,
100-seed weight, and seed yield of soybean differed significantly among varieties. The
best soybean variety was Demas 1, with relay cropping and monoculture seed yield of 4.2
tons ha! and 4.1 tons ha'l, respectively. Plant height, stem diameters, leaf number, 100-
grain weight, and grain yield of maize were significantly higher at soybean spacing of 78
cmx 15 cm x 12.5 cm and relay cropping at 30 DAP. The highest LER values were obtained



Sahuri et al. / Indonesian J. Agron., 51(1), 27-36 35

from 30 DAP relay cropping with Argomulyo and Detap 1 soybean varieties, respectively
1.8 and 1.8.
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