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ABSTRACT

Relay-cropping in saturated soil cultivation could increase land efficiency, but its effect on
land use and nitrogen fertilizer efficiency is unclear. The research objective was to evaluate
the land productivity of the relay-cropping system by calculating the land equivalent ratio
(LER) and the effectiveness of nitrogen fertilizer, and by determining the effect of previous
soybean biomass. The experiment was arranged in a three-factor randomized complete
block design. The first factor was the cropping patterns of soybean and maize, i.e., relay-
cropping soybean-maize and maize monoculture. The second factor was the maize varieties,
i.e, Pioneer 27 and Sukmaraga. The third factor was the application of N fertilizer with 4
doses: 0, 50, 100, and 150 kg ha'’. The results showed that the application of soybean biomass
increased maize yield by 7.24%. Pioneer 27 produced a higher yield than Sukmaraga, and
the dose of N fertilizer of 150 kg ha'! resulted in the highest yield of 7.50 tons hal. The highest
LER of 2.18% was achieved in the relay-cropping without applying follow-up N fertilizer
(control). The experiment concludes relay-cropping after soybean save land by about 118%
and save N fertilizer by 33.3%. The reduction of N fertilizer application by 33.3% (100 kg N
ha1) reduced corn cob productivity by 13.3%, and is not significantly different from 150 kg
N ha.
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INTRODUCTION

The area of paddy fields in Indonesia in 2019 was recorded at 7.46 million ha, which
was a decrease of 630,000 ha as compared to the area of paddy fields in 2015. The
productivity of most paddy fields in Indonesia has experienced a leveling-off, where the
addition of input units is not followed by an increase in economic production (Al-]Jabri,
2013). One of the problems of low land productivity can be overcome by an intercropping
system, i.e., planting more than one commodity on the same land and time. The advantages
of intercropping in increasing the efficiency of resource utilization have been proven
(Martin-Guay et al., 2018). Intercropping is widely used in order to increase food security,
diversification of cropping systems, labor efficiency, and sustainable agricultural
development (Tilman, 2020), increase soil organic and N cycle (Cong et al., 2015), and
reduce pests (Zheng et al,, 2020), weeds (Weerarathne et al., 2017) and diseases infections
(Boudreau, 2013).

One of the intercropping types is relay-cropping. According to Lamichhane et al.
(2023), relay-cropping system utilizes two crops where the second crop is inserted into
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the first crop field before harvest. Success in the relay-cropping two is determined by two
factors: time of planting and proper commodity. The timing of planting will determine the
level of competition. The difference in planting time between two crop species on a piece
of land can reduce competition in the utilization of nutrients, space to grow, water, and
light intensity. The delay in planting time of one of the commodities intercropped also has
the aim that the maximum growth of each commodity does not occur at the same time.
Moreover, commodities also determine the possible competition. For example, maize and
soybean plants can be incorporated into the system because they have complementary
positive effects. Maize requires high nitrogen, while soybean can fixate free nitrogen from
the air with the help of Rhizobium japonicum bacteria.

Cropping maize after soybean facilitates maize to utilize soybean biomass residues
which contain a lot of nitrogen and consequently will reduce the use of inorganic N
fertilizer for maize. Research by Yong et al. (2018) showed that relay-cropping maize and
soybean save the use of inorganic N fertilizer, and the harvested yield is even higher than
the use of conventional doses of inorganic N fertilizer. Moreover, Xu et al. (2020) carried
out a meta-analysis and found that intercropping of maize and soybean plants generally
has an average LER (land equivalent ratio) of 1.32+0.02, and FNER (fertilizer N equivalent
ratio) of 1.44+0.03 so monoculture requires 44% more N fertilizer than does
intercropping to achieve the same results in the same unit area of intercropping.

Ghulamahdi et al. (2016) noted that the best way to produce soybean in Indonesia is
by using saturated soil culture (SSC). SSC is a planting system that provides continuous
water irrigation and keeps the water level constant so that the layer below the soil surface
becomes saturated condition. The constant water level will eliminate the negative effect
of excess water on plant growth because the soybeans will acclimatize and then the plants
will improve their growth (Ghulamahdi et al,, 2016). The relay-cropping of maize and
soybeans on wetlands with saturated soil culture technology has never been studied,
which is why this research was conducted. This study aimed to evaluate the productivity
of the relay-cropping system by calculating the land equivalent ratio (LER) value, the
efficiency of applying N fertilizer to maize, and determining the effect of previous soybean
biomass on maize.

MATERIALS AND METHODS

Research design

The research was conducted at Sawah Baru Experimental Station, IPB Darmaga, from
January to June 2022. The materials used were edamame soybean seeds of the Biomax 1
variety, while the maize seeds used hybrid maize of the Pioneer P27 variety and composite
maize of the Sukmaraga variety. The inorganic fertilizers used were urea, SP-36, and KCl.
Other materials used were Rhizobium, manure, agricultural lime, and herbicides with the
active ingredient glyphosate.

This experiment used a three-factor randomized complete block design. The first
factor was the cropping pattern consisting of a relay-cropping system of soybean-maize
and maize monoculture systems. In the relay-cropping system, maize was planted when
soybeans were at 45 days after planting (DAP). The young harvested soybean (edamame)
biomass was then applied as organic fertilizer to maize commodities. The second factor
was the maize variety, Pioneer P27 and Sukmaraga variety. The third factor was the dose
of N fertilizer in the second application to maize at 4 weeks after planting (WAP) (follow-
up N fertilizer), which consisted of 4 levels: 0, 50, 100, and 150 kg ha'l. Thus, there were
16 treatment combinations, and each treatment combination was repeated 3 times so that
there were 48 experimental plots. To calculate the value of the land equivalent ratio, 1
soybean monoculture plot, which was repeated 3 times, was added so that there were a
total of 51 experimental plots.
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Experimental procedure

The land was cleared of weeds by applying an herbicide with the active ingredient
glyphosate at an application dose of 2.5 L ha'l. The size of each experimental plot was 3 m
x 4 m. Two soybean seeds were planted in holes with a spacing of 30 cm x 15 cm so that
in one plot of the soybean monoculture experiment, there were 520 soybean plants. While,
1 maize seed was planted in holes with a spacing of 75 cm x 20 c¢m so that in one plot of
the maize monoculture experiment, there were 80 maize plants.

The population of soybean in one plot of the soybean relay-cropping experiment was
50% lower than in the monoculture treatment, i.e.,, 260 plants, while the population of
maize in relay-cropping experiment was similar to those in the monoculture treatment,
i.e., 80 plants. At the time soybean were harvested, except for the pods, all parts of the
fresh soybeans biomass from roots to leaves incorporated into the soil in rows of maize
plants as green manure in the plots relay-cropping system. The soybean harvest was
carried out at 74 DAP and the maize harvest at 103 DAP.

Saturated soil culture (SSC) was prepared by making drainage channels around the
plots with a depth of 30 cm and a width of 25 c¢cm. The drainage channels were
continuously filled with water from the planting date to harvest with a water level of 20
cm from the soil surface. Thus, the soil layer under the roots was considered saturated.

Fertilizer application

Manure as much as 2 tons ha! and agricultural lime as much as 2 tons ha! were
applied to the land before planting. The soybean was inoculated with Rhizobium sp. with
a dose of 12.5 g kg1 seed before planting. The fertilizers 200 kg SP36 ha1, and 100 kg KCI
hal were applied at planting time. The urea fertilizer was given as foliar application when
the plants were at 3, 4, 5, and 6 weeks after planting with the total dose of 400 L ha! urea
solution with a concentration of 10 g urea L-! of water.

Fertilizers applied for maize were 200 kg SP36 ha't, 100 kg KCl ha', and 150 kg urea
ha1, which were applied at planting time. The second fertilization with urea was carried
out at 4 dose levels, i.e,, 0, 50, 100, and 150 kg ha! at 28 DAP.

Observation

The observed growth variables for maize were plant height, number of leaves, and
biomass fresh and dry weight at 8 WAP, while the observed production variables for maize
were cob length, cob diameter, grain weight per cob, and plant productivity. Physiological
observations were carried out in the chlorophyll content of maize plants at 7 WAP, where
leaf nutrient uptake was obtained by multiplying leaf nutrient content by leaf dry weight.

The evaluation variables observed in the intercropping experiment are as follows:

1. LER (land equivalent ratio), is a measure of land use efficiency. The LER value
was calculated using the formula (Mead and Willey, 1980):

n .
LER = Z . (;’—LL;) where yi' and yiS are the production results of each "I"
i=
in intercropping and "S" in a monoculture system; and n is the number of
commodity types in the intercropping system.

2. ATER (area time equivalent ratio), a measure of land use efficiency based on
time, is a more realistic comparison because it considers the timing of the two
commodities planted in both intercropping and monoculture systems. The
ATER value was calculated using the formula (Hiebsch & McCollum, 1987):

TS yil
ATER=Z t_(ﬁ) where ti is the growing time of plants in the
i=1 1

monoculture system; tiis the total growing time of the two commaodities in the
intercropping system.

3. CR (competitive ratio), is a measure that shows how many times a commodity
is more competitive than other commodities in an intercropping system. The
CR value was calculated using the formula (Willey & Rao, 1980):
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Iq
CR= /sq (qb/ ) where laand Ivare the production results of commodities
Ib/S Qa
b

a and b in the intercropping system; Sa and Sv are the production results of
commodities a and b in the monoculture planting system; qa and qp are the
proportions of land for commodities a and b in the intercropping system.

4. A (aggressivity), is a value to measure the ability to compete between types of
plants and between commodities in obtaining resources in an intercropping
system. The A value was calculated using the formula (McGilchrist & Trenbath,
1971):

Aab = (Yaayinab)-(YbbyzaZba) where Yab, Yba, Yaa, and Ybb respectively are

the yield of commodity 'a’ in the intercropping system, the yield of commodity
'b" in the intercropping system, the yield of commodity 'a’ in the monoculture
system and the yield of commodity 'b' in the monoculture system.

Data analysis

The data were analyzed with ANOVA (analysis of variance). If the result showed a
significant effect, further tests were then carried out using the DMRT (Duncan's Multiple
Range Test) at a=5% significance level. Observational data were processed using the R
Studio Program.

RESULTS AND DISCUSSION

Plant growth characteristics

The relay-cropping system with the application of green fertilizer from soybean
biomass residues did not affect plant height and the number of leaves at 8 WAP (Table 1).
The higher growth in relay-cropping system was speculated due to maize plant aged less
than 4 WAP were shaded by soybean canopy. It is known that shading stimulate larger
auxin biosynthesis triggers cell elongation resulting in faster vegetative growth
(Kantikowati et al., 2022). In the early response to shade signals, auxin biosynthesis,
transport, and sensitivity are all rapidly activated, thus promoting cell elongation of the
hypocotyl and other organs (Ma & Li, 2019).

Table 1. Plant height and number of leaves of maize at 8 WAP.

Treatment Plant height (cm) Leaf number

Cropping pattern

Relay-cropping 201.52 11.2

Monoculture 207.39 10.9
Variety

Pioneer 27 202.11 12.0a

Sukmaraga 206.79 10.2b
Urea dosage (kg ha'l)

0 185.70b 10.5b

50 207.45a 10.7ab

100 207.99a 11.5a

150 216.67a 11.6a

Note: * Numbers followed by the same letter in the same column and the same treatment factor are
not significantly different in the a=5% of DMRT test.

There was no significantly different in plant height of the two varieties of maize, but
the difference in the number of leaves of the two at 8 WAP was proven (Table 1). The
number of leaves of the Pioneer 27 variety was more than that of the Sukmaraga variety.
The dose of N fertilizer in the second application of fertilizer to maize plants 4 WAP
(follow-up N fertilizer) had a significant effect on plant height and the number of leaves;
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the higher the dose of follow-up N fertilizer, the higher the value of plant vegetative
growth parameters. This is because urea is a source of nitrogen where higher N uptake
increases rubisco activity and photosynthesis (Heckathorn et al., 1996). High N absorption
accelerates mesophyll cell division and epidermal cell elongation, which are the
components that play an important role in plant growth (Ramzan et al,, 2023).

The relay-cropping system with the use of crop residues from intercrops (soybean
biomass residues) had no significant effect on the fresh and dry biomass of maize plants
at 8 WAP (Table 2). However, it significantly reduced fresh and dry biomass observed at
harvest time compared to that of maize plants without the application of soybean biomass.
This is presumably due to the influence of differences in light interception in the
monoculture and relay-cropping systems. The monoculture system has a lower plant
density, and that causes higher light interception than the relay-cropping system as it has
a higher plant density. The canopy of existing soybean at the time maize was planted
reduced the light interception by the maize. High planting density increases light
competition between individuals and between crop species (Pithaloka et al., 2015). The
fact that the dry biomass weight of maize in the intercropping system was lower than the
dry biomass weight of maize in the monoculture system is also reported by (Liu et al,,
2022). Alsabah et al. (2014) and Rui et al. (2022) also reported in a study that the dry
weight of biomass in the relay-cropping system is lower than in the monoculture system.
This is presumably because the decomposition process of the green manure from soybean
residues incorporated in the relay-cropping system at 4 WAP of maize is not fully
completed. According to Jahan et al. (2016), incorporating crop residues into the soil in a
rotation system between potato-mungbean-rice cause soil N temporarily unavailable due
to N were used by microorganisms in their life cycle. However, whether or not the cause
of the lower dry weight of biomass in relay-cropping is the depletion of soil N, needs
further evaluation.

Table 2. Biomass weight per plant at 8 WAP and harvest.

Treatment Biomass weight at 8 WAP (g) Biomass weight at harvest (g)
Fresh Dry Fresh Dry
Cropping pattern
Relay-cropping 340.46 70.89 143.72b 61.93b
Monoculture 340.46 73.31 190.45a 75.62a
Variety
Pioneer 27 336.44 66.48 167.12 72.42
Sukmaraga 344.48 77.72 167.06 65.14
Urea dosage (kg hal)
0 300.95 62.76 149.07 59.89b
50 34991 79.52 178.79 72.18a
100 330.11 68.39 161.24 67.75ab
150 380.87 77.74 179.25 75.30a

Note: * Numbers followed by the same letter in the same column and the same treatment factor are not significantly different in

the a=5% of DMRT test.

The weight of fresh biomass did not differ between varieties and between levels of
follow-up N fertilizer (Table 2). Dry biomass weight increased by 20% with the application
of 50 kg of urea ha! compared to the dry biomass weight without fertilizer.

Components of plant production

The cropping system treatment had no significant effect on cob weight, cob length,
cob diameter, the weight of 100 grains of maize, and cob production per hectare, but had
a significant effect on the number of grain rows per cob (Table 3). The number of columns



Suntari et al. / Indonesian J. Agron., 51(1), 91-100 96

per cob in the relay-cropping system was greater than in the monoculture system. The
increase in the number of columns per cob in the relay-cropping system appeared to be
associated with a larger cob diameter although statistically, the cob diameter was not
significantly different from that of maize in the monoculture system.

Table 3.  Weight, length, diameter, and number of rows of maize at harvest.

Maize cob , .
Treatment Weight Length Diameter Number Welgh.t Cob produc_t1v1ty
ofrows 100 grains (tons ha?)
(g) (cm) (mm)
Cropping Pattern
Relay-cropping 136.72 16.30 44.6 14.9a 26.02 6.20
Monoculture 123.95 16.54 43.7 14.3b 26.12 5.79
Variety
Pioneer 27 154.85a 16.60 46.5a 15.6a 25.96 7.20a
Sukmaraga 105.83b 16.22 40.9b 13.1b 26.18 4.79b
Urea dosage (kg ha't)
0 99.15c 14.68b 42.6¢ 14.4 24.88b 4.50c
50 122.14bc 16.90a 43.4bc 14.3 25.51ab 5.48bc
100 140.24ab 16.92a 44.5ab 14.9 26.60ab 6.50ab
150 159.83a 17.24a 46.1a 14.6 27.30a 7.50a

Note: * Numbers followed by the same letter in the same column and the same treatment factor are not significantly different in

the a=5% of DMRT test.

The weight of dry biomass at harvest in the monoculture system was 22% higher (p
< 0.05) than that in the relay-cropping system (Table 2). The lower weight of dry biomass
in the relay-cropping system compared to that in the monoculture system was suspected
as a result of the application of green manure of soybean biomass residues that had not
been completely decomposed, where there was immobilization of nutrients in the soil so
that N nutrients were not yet available for maize plants.

The cob productivity per hectare was not significantly different between the two
planting systems (Table 3). Productivity in the relay-cropping system was 7% higher (p >
0.05) than that in the monoculture system. The results of the previous study, which was
carried out for 3 years, showed that the application of green manure to legume had
increased the yield of wheat grain to the maximum in the 3rd year due to an increase in
soil quality i.e., an increase available-P, exchangeable increase in K, Ca, and Mg, as well as
an increase in soil pH (Amede et al., 2021). Ansari et al. (2022) also mentioned that the
use of harvest residues as green manure increases soil organic C, C pool, C lability index,
and C-microbial biomass. Pioneer 27 variety showed higher values on cob weight, cob
diameter, number of grain rows, and cob productivity per hectare (Table 3). The
productivity of the Pioneer 27 variety was 50% higher than that of the Sukmaraga variety.

The application of follow-up N fertilizer increased the cob productivity compared to
the application of follow-up N fertilizer (control). Nitrogen application at doses of 100 and
150 kg urea ha! increased productivity by 44% and 66% (p < 0.05) respectively (Table
3).

Chlorophyll and nutrient status

The relay-cropping of soybean-maize caused the levels of chlorophyll a and b per
mass of maize leaves at 7 WAP to be significantly higher than that of maize leaves in the
monoculture system (Table 4). Chlorophyll has a role in the process of photosynthesis,
while chlorophyll b a role in expanding the absorption spectrum of light, and that is an
adaptation mechanism for shaded plants. The fact that the maize plants in the relay-
cropping system had higher chlorophyll content than in the monoculture system could be
due to the plant's response to the shading from the soybean plants. However, the higher
levels of chlorophyll in maize leaves in the relay-cropping system also seemed to be
caused more by higher N levels in the leaves (Table 5) due to the contribution of N
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elements from green manure of soybean biomass residues. Chlorophyll acts as a
photosynthetic organ composed of elements N so the application of green manure affects
the chlorophyll content (Marsuni et al., 2013). The leaf tissue of maize plants in the relay-
cropping system had a 19% higher N nutrient content than in the monoculture system,
and the P content was also higher and significantly different from that of maize plants in
the monoculture system. However, the K content in the leaf tissue of maize plants in the
relay-cropping system was lower than in the monoculture planting system (Table 5).
Green manure containing high N affects the formation of chlorophyll. The results of the
analysis of nutrients in soybean plant tissue were 2.98% N, 0.28% P, and 0.56% K.

Table 4. Leaf pigment content per mass and per area of maize leaves.

Treatment Chlorophyll content (mg g'1) Chlorophyll content (mg cm2)
a b Total a b Total

Cropping Pattern

Relay-cropping 1.689a 0.494a 2.184 0.0364a 0.0106 0.0470

Monoculture 1.506b 0.452b 1.958 0.0320b 0.0096 0.0416
Variety

Pioneer 27 1.693a 0.504a 2.198a 0.0346 0.0103 0.0448

Sukmaraga 1.503b 0.441b 1.944b 0.0338 0.0099 0.0437
Urea dosage (kg ha'l)

0 1.192b 0.351b 1.543b 0.0234c 0.0069b 0.0303c

50 1.576a 0.467a 2.044a 0.0338b 0.1003a 0.0438b

100 1.814a 0.541a 2.355a 0.0394ab 0.0117a 0.0511ab

150 1.810a 0.531a 2.342a 0.0402a 0.0118a 0.0519a

Note: * Numbers followed by the same letter in the same column and the same treatment factor are not significantly different in

the a=5% of DMRT test

Table 5. NPK nutrient contents in maize leaves at 8 WAP.

Treatment N (%) P (%) K (%)

Cropping pattern

Relay-cropping 2.12a 0.42a 1.29b

Monoculture 1.78b 0.34b 1.49a
Variety

Pioneer 27 2.11a 0.39 1.39

Sukmaraga 1.79b 0.38 1.39
Urea dosage (kg ha't)

0 1.72b 0.42 1.57a

50 1.68b 0.35 1.41ab

100 2.11a 0.36 1.28b

150 2.29a 0.39 1.30b

Note: * Numbers followed by the same letter in the same column and the same treatment factor are
not significantly different in the a=5% of DMRT test.

Evaluation of relay-cropping system

The land equivalent ratio (LER) in the relay-cropping system shows a value of > 1
(Table 6), which means that the relay-cropping system can improve land use efficiency
compared to the monoculture system. The research conducted showed that the variables
of planting or yield of soybean productions determine the LER value because the total
population of maize plants planted in the monoculture and relay-cropping system is the
same.

The area time equivalent ratio (ATER) value is smaller than the LER value because
the calculation includes the time required by plants from planting to harvesting.
Competitive ratio (CR) is the ability of plants to obtain resources both vertically (water
and nutrients) and horizontally (light intensity and space to grow). The results showed
that the value of the competition ratio for maize was higher than that for soybeans (Table
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6). The CR value strengthens the Aggressivity value, where the higher the CR value of a
commodity in the intercropping system, the stronger the aggressiveness of the commodity
in competing for resources (Ceunfin et al., 2017 ).

Table 6. Land equivalent ratio, area time equivalent ratio, competitive ratio, and aggressivity.

Treatment Land equivalent  Area time equivalent Competitive ratio Aggressivity
ratio (LER) ratio (ATER) Soybean Maize Soybean  Maize

Variety

Pioneer 27 1.75 1.10 0.21 6.60 -3.94 3.94

Sukmaraga 1.82 1.15 0.18 6.77 -4.39 4.39
Urea dosage (kg ha'l)

0 2.18a 1.38a 0.18a 6.96a -5.29b 5.29a

50 1.56b 0.99b 0.19a 7.54a -3.79ab 3.79ab

100 1.54b 0.95b 0.27a 4.95a -2.98a 2.98b

150 1.85ab 1.18ab 0.14a 7.26a -4.59ab 4.59ab

Note: Numbers followed by the same letter in the same column and the same treatment factor are not significantly different in
the a=5% of DMRT test

CONCLUSIONS

The relay-cropping soybean-maize had higher LER value than monoculture planting
system. The highest LER value of 2.18 in the control (without application of follow-up N
fertilizer). The LER value after the application of follow-up N fertilizer at doses of 50, 100,
and 150 kg ha! were 1.56, 1.54, and 1.85, respectively, while the highest ATER value
occurred at the application of follow-up N fertilizer at a dose of 0 kg ha1, reaching 1.38.
The ATER value decreased because there was an effect of longer periode of land use in the
relay-cropping system. The application of follow-up N fertilizer up to 150 kg ha! linearly
increased cob weight, cob length, cob diameter, the weight of 100 grains, and productivity.

REFERENCES

Al-Jabri, M. (2013). Soil test technology for developing fertilizer recommendations of lowland rice. (In Indonesian.).
Pengembangan Inovasi Pertanian, 6(1), 11-22.

Alsabah, R, Sunyoto, Hidayat, K. F., & Kamal, M. (2014). Accumulation of dry materials of several hybrid maize
varieties (Zea mays L.) combined with cassava (Manihot esculenta Crantz). (In Indonesian.). Jurnal Agrotek
Tropika, 2(3), 394-399. https://doi.org/10.23960/jat.v2i3.2068

Amede, T, Legesse, G., Agegnehu, G., Gashaw, T., Degefu, T., Desta, G., Mekonnen, K., Schulz, S., & Thorne, P. (2021).
Short-term fallow and partitioning effects of green manures on wheat systems in East African highlands. Field
Crops Research, 269, 108175. https://doi.org/10.1016/.fcr.2021.108175

Ansari, M. A, Choudhury, B. U, Layek, ], Das, A, Lal, R,, & Mishra, V. K. (2022). Green manuring and crop residue
management: Effect on soil organic carbon stock, aggregation, and system productivity in the foothills of
Eastern Himalaya (India). Soil & Tillage Research Journal, 218, 105318. https://doi.org/
10.1016/j.still.2022.105318

Boudreau, M. A. (2013). Diseases in intercropping systems. Annual Review of Phytopathology Journal, 51: 499-519.
https://doi.org/10.1146 /annurev-phyto-082712-102246

Ceunfin, S., Prajitno, D., Suryanto, P., & Putra, E. T. S. (2017). Assessment of competition and the benefits of
intercropping of maize-soybeans under Eucalyptus stands. (In Indonesian.). Savana Cendana Journal, 2(1), 1-
3. https://doi.org/10.32938/sc.v2i01.76

Cong, W. F,, Hoffland, E., Li, L., Six, J., Sun, ]. H,, Bao, X. G., Zhang, F. S., & Werf, W. V. D. (2015). Intercropping enhances
soil carbon and nitrogen. Global Change Biology = Journal, 21(4), 1715-1726.
https://doi.org/10.1111/gcb.12738

Ghulamahdi, M., Chaerunisa, S. R,, Lubis, 1., & Taylor, P. (2016). Response of five soybean varieties under saturated
soil culture and temporary flooding on tidal swamp. Procedia Environmental Sciences Journal, 33, 87-93.



Suntari et al. / Indonesian J. Agron., 51(1), 91-100 99

Heckathorn, S. A, Poeller, G. ], Coleman, J. S., & Hallberg, R. L. (1996). Development the availability vegetative
influence response of ribulose nitrogen and phosphoenolpyruvate protein stress content. International Journal
of Plant Sciences, 157(5), 546-553.

Hiebsch, C. K., & McCollum, R. E. (1987). Area-x-time equivalency ratio: A method for evaluating the productivity of
intercrops. Agronomy Journal, 79(1), 15-22. https://doi.org/10.2134/ agronj1987. 000219620079000
10004x

Jahan, M. A. H. S, Hossain, A., Sarkar, M. A. R,, and Teixeira da Silva, ]. A.,, & Ferdousi, M. N. S. (2016). Productivity
impacts and nutrient balances of an intensive potato-mungbean-rice crop rotation in multiple environments
of Bangladesh. Agriculture, Ecosystem, Environment Journal, 231, 79-97. https://doi.org/10.1016/
j-agee.2016.06.032

Kantikowati, E., Karya, & Khotimah, 1. H. (2022). Growth and yield of sweet corn (Zea mays saccharata Sturt) Paragon
varieties due to treatment of plant spacing and number of seed. (In Indonesian.). Jurnal I[Imiah Pertanian Agro
Tatanen, 4(2), 1-10. https://doi.org/10.55222 /agrotatanen.v4i2.828

Lamichhane, J. R,, Alletto, L., Cong, W-F., Dayoub, E., Maury, P., Plaza-Bonilla, D., Reckling, M,, Saia, S., Soltani, E,,
Tison, G., & Debaeke, P. (2023). Relay cropping for sustainable intensification of agriculture across temperate
regions: Crop management challenges and future research priorities. Field Crops Research, 291, 108795.

Ma, L., & Gang, Li. (2019). Auxin-dependent cell elongation during the shade avoidance response. Frontiers in Plant
Science, 10, 1-8. https://doi.org/10.3389/fpls.2019.00914

Marsuni, Z., Subaedah, St., & Koes, F. (2013). Performance of Maize growth using green manure with N and P
fertilization. (In Indonesian.). Seminar Nasional Serealia, 244-251.

Martin-Guay, M. O., Paquette, A., Dupras, ]., & Rivest, D. (2018). The new green revolution: Sustainable intensification
of agriculture by intercropping. Science of the Total Environment Journal, 615, 767-772. https://doi.org/
10.1016/j.scitotenv.2017.10.024

McGilchrist, C. A., & Trenbath, B. R. (1971). A revised analysis of plant competition experiments. International
Biometric Society, 27(3), 659-671. http://www.jstor.org/stable/2528603

Mead, R., & Willey, R. W. (1980). The concept of a ‘land equivalent ratio’ and advantages in yields from intercropping.
Methodology of Experimental Agriculture, 16(3), 217-228. https://doi.org/10.1017/5S0014479700010978

Pithaloka, S. A., Sunyoto, Kamal M, & Hidayat, K. F. (2015). The effect of plant density on the growth and yield of
Sorghum varieties (Sorghum bicolor (L.) Moench). Jurnal Agrotek Tropika, 3(1), 56-63. https://doi.org/
10.23960/jat.v3i3.1957

Ramzan, M., Sarwar, N,, Alj, L., Saba, R., Alahmadi, T. A., & Datta, R. (2023). Nitrogen enriched chemically produced
carbon supplementary impacts on maize growth under saline soil conditions. Journal of King Saud University
Science, 35(1), 102292. https://doi.org/10.1016/j.jksus.2022.102292

Rui, L., Guo-peng, Z., Dan-na, C., Song-.juan, G., Mei, H., Jiu-dong, Z., Xiao-feng, S., & Wei-dong, C. (2022). Transfer
characteristics of nitrogen fixed by leguminous green manure crops when intercropped with maize in
northwestern China. Journal of Integrative Agriculture, 21(4), 1177-1187. https://doi.org/10.1016/S2095-
3119(21)63674-2

Tai-wen, Y, Ping, C,, Qian, D, Qing, D., Feng, Y., Xiao-chun, W., Wei-guo, L., & Wen-yu, Y. (2018). Optimized nitrogen
application methods to improve nitrogen use efficiency and nodule nitrogen fixation in a maize-soybean relay
intercropping system. Journal of Integrative Agriculture, 17(3), 664-676. https://doi.org/10.1016/S2095-
3119(17)61836-7

Tilman, D. (2020). Benefits of intensive agricultural intercropping. Nature Plants, 6(6), 604-605. https://doi.org/
10.1038/s41477-020-0677-4

Trenbath, B. R. (1993). Intercropping for the management of pests and diseases. Field Crops Research, 34(3-4), 381-
405. https://doi.org/10.1016/0378-4290(93)90123-5

Weerarathne, L. V. Y,, Marambe, B., & Chauhan, B.S. (2017). Intercropping as an effective component of integrated
weed management in tropical root and tuber crops: A review. Crop Protection Journal, 95, 89-100.
https://doi.org/10.1016/j.cropro.2016.08.010

Willey, R. W., & Rao, M. R,, (1980). A competitive ratio for quantifying competition between intercrops. International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 16(104), 117-125.



Suntari et al. / Indonesian J. Agron., 51(1), 91-100 100

Xu, Z., Li, C, Zhang, C., Yu, Y., van der Werf, W., & Zhang, F (2020). Intercropping maize and soybean increases
efficiency of land and fertilizer nitrogen use: A meta-analysis. Field Crops Research, 246(2), 107661.
https://doi.org/10.1016/j.fcr.2019.107661

Ya-qiang, Z., Li-min, Z., Bin, C., Nai-sheng, Y., Fu-rong, G., Qing-an, Z., Guang-zu, D., Shu-qi, H., Zheng-yue, L., Yu-lin, G.,
& Guan-li, X. (2020). Potato/Maize intercropping reduces infestation of potato tuber moth, Phthorimaea
operculella (Zeller) by the enhancement of natural enemies. Journal of Integrative Agriculture, 19(2), 394-405.
https://doi.org/10.1016/52095-3119(19)62699-7

Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s)
and contributor(s) and not of the publisher(s) and/or the editor(s).

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Research design
	Experimental procedure
	Fertilizer application
	Observation
	Data analysis

	RESULTS AND DISCUSSION
	Plant growth characteristics
	Components of plant production
	Chlorophyll and nutrient status
	Evaluation of relay-cropping system

	CONCLUSIONS
	REFERENCES

