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A B S T R A C T

Intercropping exploits species complementarities to achieve sustainable intensification by increasing crop out-
puts per unit land with reduced anthropogenic inputs. Cereal/legume intercropping is a classical case. We
carried out a global meta-analysis to assess land and fertilizer N use efficiency in intercropping of maize and
soybean as compared to sole crops, based on 47 studies reported in English and 43 studies reported in Chinese.
The data were extracted and analyzed with mixed effects models to assess land equivalent ratio (LER) of in-
tercropping and factors affecting LER. The worldwide average LER of maize/soybean intercropping was
1.32 ± 0.02, indicating a substantial land sparing potential of intercropping over sole crops. This advantage
increased as the temporal niche differentiation between the two species was increased by sowing or harvesting
one crop earlier than the other as in relay intercropping, i.e. with only partial overlap of the growing periods of
the two species The mean fertilizer N equivalent ratio (FNER) was 1.44 ± 0.03, indicating that intercrops
received substantially less fertilizer N than sole crops for the same product output. These fertilizer savings are
mainly due to the high relative maize yield and the lower N input in the intercrop compared to the input in sole
maize. This meta-analysis thus shows that exploiting species complementarities by intercropping maize and
soybean enables major increases in land productivity with less fertilizer N use. Both LER and FNER increased as
the difference in growth duration increased for maize and soybean, but were not affected by fertilizer N rate. LER
increased when soil organic matter increased but FNER did not change with soil organic matter.

1. Introduction

In the 21th century, the major challenge of agriculture is to reconcile
these two needs: increasing food production while lowering environ-
mental pollution (Matson et al., 1997; Wittwer et al., 2017). Intensive
farming contributes much to crop production, but it meanwhile leads to
negative consequences because of high chemical inputs and low bio-
diversity (Giller et al., 1997; Tilman et al., 2002; Guo et al., 2010; Liu
et al., 2013). Intercropping has recently been called the “new green
revolution” since it has the potential to raise land productivity by ex-
ploiting species complementarities, and provide an opportunity to
achieve sustainable intensification of agriculture (Martin-Guay et al.,
2018). However, adoption of intercropping in the developed world is
slow. On the other hand, intercropping is a main way of production for
smallholders in comparatively underdeveloped areas (Snapp et al.,

2010; Ngwira et al., 2012; Rusinamhodzi et al., 2012; Huang et al.,
2015).

Maize is one of the most important food crops in the world. It was
grown on a global acreage of 228 million ha in 2016 (FAO, 2018 http://
www.fao.org/faostat/en/#data/QC). Soybean is an important source of
plant-derived protein in animal feed and accounts for more than half of
the world’s oil production (Ainsworth et al., 2012).

Land and water resources are lacking to expand soybean production
area in major producing countries such as the United States and Brazil.
Soybean cultivation is regarded as one of the underlying direct causes
of tropical deforestation (Barona et al., 2010). Here, we argue that
maize/soybean intercropping has the potential to solve the conundrum
of maintaining or even increasing maize and soybean production, while
using less land and reducing environmental impact.

Intercropping is an effective way to increase system productivity
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