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Abstract. Soybean is an important food commodity in Indonesia because it is the main raw material for tofu and 

tempeh, two major protein sources widely consumed by the population. However, domestic soybean production 

remains far below national demand resulting in heavy dependence on imports. In contrast maize is increasingly 

preferred by farmers due to its higher productivity and a more stable economic value. Therefore, maize–soybean 

intercropping has emerged as a promising strategy to improve land-use efficiency while increasing soybean 

production without reducing maize cultivation. This study systematically mapped and synthesized maize–soybean 

intercropping research in Indonesia and conducted a meta-analysis of Land Equivalent Ratio LER values reported 

across studies. Literature searches using Scopus, Web of Science, and Google Scholar identified 179 eligible 

publications published between 1978 and 2023. Most studies focused on agronomic factors such as variety 

selection spacing arrangement and fertilizer management. Meta-analysis showed average LER values of 1.47 ± 

0.046 for maize–soybean intercropping and 1.36 ± 0.081 for maize–mung bean intercropping indicating 

advantages over monoculture systems. However, inconsistencies in methodology and reporting standards limited 

study comparability and sustainability assessments. Future research should integrate ecological, social, and long-

term economic indicators alongside standardized reporting frameworks to strengthen evidence-based 

intercropping recommendations nationally for sustainable agriculture. 
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1. BACKGROUND 

Soybean plays a crucial role in Indonesian food systems because it is the main ingredient 

used in traditional foods such as tofu and tempeh (Ministry of Trade Indonesia, 2022; BSN-

Badan Standardisasi Nasional, 2012). Despite its importance, domestic soybean production has 

consistently failed to satisfy national demand (FAOSTAT, 2023). Indonesia imports large 

quantities of soybean annually, creating vulnerability to international market fluctuations and 

supply instability. 

Several factors contribute to low soybean productivity in Indonesia. Agricultural land 

conversion, declining soil fertility, unstable soybean prices, and lower profitability relative to 

competing crops all discourage soybean cultivation (Figure 1). In contrast, maize production 

has expanded rapidly due to higher yields, government support programs, and stronger market 

demand. Farmers therefore increasingly prioritize maize cultivation over soybean production. 

Intercropping systems have long been proposed as a strategy to improve land productivity 

and diversify production systems. Intercropping refers to the cultivation of two or more crops 

simultaneously on the same land during part or all of their growth cycle (Raza et al., 2022). In 

maize–soybean intercropping systems, maize acts as the dominant cereal crop while soybean 

functions as a legume capable of contributing biological nitrogen fixation. 
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Figure 1. Price of soybean and maize per 100 kg from year 1999 until 2017 in Jambi Province (BPS Jambi, 2022). Soybean 

price fluctuated more than maize price. 

Numerous studies have demonstrated that intercropping systems can improve resource-

use efficiency by optimizing the utilization of sunlight, water, nutrients, and growing space. 

Additional benefits include improved soil fertility, weed suppression, reduced pest pressure, 

increased biodiversity, and improved resilience against climate variability. Consequently, 

maize soybean intercropping has become one of the most widely studied intercropping systems 

in tropical agricultural regions (Zulfahmi et al., 2023). 

Land Equivalent Ratio (LER) is one of the most frequently used indicators in 

intercropping studies because it measures the relative land-use efficiency of intercropping 

compared with monoculture systems. An LER value greater than one indicates that 

intercropping requires less land area to achieve equivalent production compared with sole 

cropping. 

Although maize–soybean intercropping research has expanded considerably in Indonesia 

during recent decades, no comprehensive synthesis has previously summarized the 

methodological approaches, agronomic factors, and overall intercropping performance across 

studies. Therefore, this study aimed to systematically map maizesoybean intercropping 

literature in Indonesia and evaluate overall LER performance through metaanalysis. 

 

2. THEORETICAL REVIEW 

Intercropping systems have been widely studied in sustainable agriculture because they 

increase ecological interactions among plant species. According to ecological theory, crop 

species with contrasting growth habits may utilize environmental resources more efficiently 

when grown together than when cultivated separately. 

Maize and soybean possess complementary characteristics that make them suitable for 

intercropping systems (Mardian et al., 2020). Maize is a tall cereal crop with high nitrogen 

demand and strong competitive ability for light. Soybean, meanwhile, is a shorter legume crop 

capable of fixing atmospheric nitrogen through symbiotic relationships with Rhizobium 
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bacteria. This complementary interaction may reduce competition and improve overall 

productivity (Anggraeni et al., 2020). 

Previous global meta-analyses have demonstrated positive effects of cereal legume 

intercropping on yield stability and land-use efficiency. Xu et al. (2020) reported that maize 

soybean intercropping increased nitrogen-use efficiency compared with monoculture systems. 

Similarly, Yu et al. (2015) found that temporal niche differentiation contributed significantly 

to increased LER values in annual intercropping systems. 

In Indonesia, intercropping research has mainly focused on agronomic optimization such 

as planting density, row arrangement, fertilizer application, and varietal selection (Sija et al., 

2020). However, broader sustainability indicators including biodiversity, soil biological health, 

carbon sequestration, and farmer adoption behavior remain less explored. 

 

3. METODE PENELITIAN 

This study followed the systematic mapping framework developed by the Collaboration 

for Environmental Evidence (CEE) (Collaboration for Envrionmental Evidence, 2015). 

Literature searches were conducted between August and September 2023 using Scopus, Web 

of Science, and Google Scholar databases. Search terms included combinations of keywords 

such as “soybean”, “maize”, “corn”, “intercropping”, “Indonesia”, “kedelai”, “jagung”, and 

“tumpangsari”. Additional exclusion terms such as “skripsi”, “diploma”, and “undergraduate 

thesis” were used to minimize inclusion of non-peer-reviewed documents. 

Studies were included if they met the following criteria: 

a. Conducted in Indonesia. 

b. Investigated maize–soybean or maize–mung bean intercropping systems. 

c. Reported empirical field or survey data. 

d. Were available as journal articles, conference proceedings, graduate theses, or 

institutional publications. 

Each study was reviewed and coded according to publication year, location, 

methodological approach, agronomic variables studied, yield reporting, LER values, and 

additional ecological or economic indicators. Land Equivalent Ratio (LER) values were 

extracted directly when reported. For studies that provided complete yield information but did 

not report LER, values were calculated using the standard formula: 

𝐿𝐸𝑅 =
𝑌𝑚𝑎𝑖𝑧𝑒

𝑀𝑚𝑎𝑖𝑧𝑒
+

𝑌𝑠𝑜𝑦𝑏𝑒𝑎𝑛 𝑜𝑟 𝑚𝑢𝑛𝑔𝑏𝑒𝑎𝑛

𝑀𝑠𝑜𝑦𝑏𝑒𝑎𝑛 𝑜𝑟 𝑚𝑢𝑛𝑔𝑏𝑒𝑎𝑛
  (i) 

Y = yields in the intercrop 

M = yields in sole crop 
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Meta-analysis was conducted using RStudio. Exploratory analysis included descriptive 

statistics and visualization of publication trends. Linear mixed-effects models were selected 

because they better accounted for between-study variability and repeated observations within 

studies (Alonzo & Pepe, 2007). 

 

4. RESULTS AND DISCUSSION  

A total of 179 publications fulfilled the inclusion criteria. The earliest identified study 

was published in 1978, although publication frequency remained relatively low until 

approximately 2012. After this period, intercropping research activity increased substantially, 

reflecting growing interest in sustainable agricultural intensification. Most studies were 

conducted on Java Island, particularly in West Java, Central Java, and East Java (Figure 2). 

Additional studies were identified from Sumatra, Sulawesi, Bali, and West Nusa Tenggara. 

This geographic concentration reflects both the importance of maize and soybean production 

in Java and the stronger research infrastructure available in these regions. 

 

Figure 2. The distribution of maize-soybean intercropping study locations in Indonesia. 

Field experimentation dominated the literature, accounting for 161 studies. Survey-based 

approaches represented only a small proportion of publications. Experimental studies primarily 

evaluated agronomic treatments such as spacing arrangement, fertilizer application, planting 

schedule, varietal selection, and cropping density. Soybean variety was one of the most 

frequently investigated factors because researchers aimed to identify varieties tolerant to 

shading and competition under intercropping conditions. Spacing arrangement was also widely 

studied because maize canopy structure strongly influences soybean access to sunlight. 

Out of the 179 included studies, 117 reported yield or LER information. However, 

reporting quality varied considerably. Several studies reported only intercrop yields without 

monoculture controls, while others reported LER values without sufficient yield information 

for verification (Table 1). Meta-analysis showed that maize–soybean intercropping generally 
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produced LER values greater than one. The average LER value of 1.47 ± 0.046 indicated 

substantial land-use efficiency advantages compared with monoculture systems. Maize–mung 

bean systems also showed positive performance with average LER values of 1.36 ± 0.081. 

Table 1. Detailed composition of publications on reporting the LER and yield. 

Yield Reported for Yield only Yield & LER LER only 

Both species in both systems 5 41 
 

One species in both systems 
   

soybean in both systems 7 
  

maize in both systems 2 4 
 

mung bean in both system 1 
  

One species in both systems & the other species  

only in intercropping 

 

soybean in both systems - maize in 

intercropping 

 
2 

 

maize in both systems - 

soybean/mung bean in intercropping 

2 3 
 

Both species in intercropping 26 5 
 

One species in intercropping 
   

soybean in intercropping 5 1 
 

maize in intercropping 4 2 
 

LER only 
  

7 

These findings are consistent with global intercropping literature demonstrating that 

cereallegume combinations often improve productivity through complementary resource 

utilization. Differences in canopy structure, rooting depth, and nutrient acquisition likely 

contributed to the positive intercropping effects observed. Beyond agronomic indicators, some 

studies also investigated economic performance (Figure 3). Reported indicators included 

production costs, gross revenue, benefit-cost ratio, and labor efficiency. Several studies 

demonstrated that intercropping could improve farmer profitability, particularly under 

conditions of limited land availability. 

Nevertheless, important research gaps remain. Ecological indicators such as soil 

microbial diversity, biodiversity enhancement, carbon dynamics, and long-term sustainability 

were rarely investigated. Similarly, social dimensions including farmer perceptions, labor 

dynamics, and adoption constraints were substantially underrepresented. Another major issue 

identified in this review was the lack of standardized reporting. Many publications failed to 

report important methodological details such as planting density, fertilizer rates, planting dates, 

and monoculture control yields. This inconsistency reduced transparency and limited 

opportunities for more robust quantitative synthesis. 
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5. CONCLUSION  

Maize soybean intercropping research in Indonesia has increased substantially over the 

past decade, particularly in relation to agronomic optimization and land use efficiency. Meta-

analysis results consistently demonstrated positive LER values above one, confirming that 

intercropping systems generally outperform monoculture systems in terms of land productivity. 

However, substantial heterogeneity among studies and inconsistent reporting standards 

remains important limitations within the existing literature. Most studies focused primarily on 

short-term agronomic performance, while ecological sustainability and socioeconomic 

dimensions remained insufficiently explored. 

Future research should adopt standardized reporting frameworks including complete 

yield data, planting density, fertilizer application, and management details. Researchers should 

also expand investigations into ecological resilience, farmer adoption behavior, and long-term 

sustainability outcomes in order to support more holistic agricultural development strategies in 

Indonesia. 
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