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Editorial on the Research Topic

Intercropping Systems in Sustainable Agriculture

INTRODUCTION

Intercropping involves cultivating two or more crops in a field simultaneously, and is mainly
practiced in regions where soils are relatively degraded. Intercropping is receiving increasing global
interest as an agricultural practice as farmers strive to be more sustainable and maintain soil health
(Glaze-Corcoran et al., 2020). Early research focused on supplying nitrogen by using legume species
as intercropping plants (Stagnari et al., 2017). However, several non-cash plants are now used as
cover crops to improve soil quality (Crusciol et al., 2012).

In this special issue, we received reports on recent research discussing the advantages and
challenges of using intercropped systems in highly diverse world regions (sub-Saharan and Central
Africa, North and South America, Asia, and Northern Europe).

TROPICAL GRASSES, NON-TILLAGE MANAGEMENT, AND

NUTRIENT CYCLING

The use of tropical grasses as cover and companion crops is increasing in conservation agriculture.
Herein, we review recent scientific publications on the use of Urochloa species in agroecosystems,
and their contributions to more secure and sustainable agriculture (Baptistella et al.). Urochloa
species employed as forage or intercropped with cash crops such as soybean, coffee, or citrus may
protect soil, reduce soil erosion, suppress weeds, and mobilize nutrients. Many of the practical
benefits are related to the extensiveUrochloa root system that contributes to the cycling of nutrients
from deep soil layers, and to soil carbon storage, thereby improving soil fertility and quality.
Nevertheless, appropriate management when introducing these perennial grasses is essential to
ensure diversity in native ecosystems.

Crusciol, Mateus et al. demonstrated the viability of maize intercropped with tropical grasses,
palisadegrass (Urochloa brizantha), or guineagrass (Megathyrus maximus), and highlighted the
requirement for nitrogen fertilization to guarantee yields and profitability. Meat production and
land use were increased when nitrogen fertilizer was applied, and these intercropping systems
involving maize and forage grasses were considered a good option for farm diversification.
In another article, Crusciol, Portugal et al. reported that intercropping with palisadegrass or
guineagrass led to a reduction in rice yield compared with monocropped rice. Nitrogen fertilization
of intercropped rice increased the grain yield, grain protein, andmilled productivity of rice. Despite
the negative impact on yield, the authors concluded that intercropping rice with forage grasses was
more favorable from both economic and environmental perspectives.
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Palisadegrass and guineagrass sowing time was evaluated by
Costa et al. in terms of forage production and quality, soybean
yield, and soil chemical properties when used as intercrops
under a no-tillage system. In an experiment in Central-West
Brazil, annual crops and semi-evergreen crops were grown
for three growing seasons. The authors showed that sowing
guineagrass after maize harvest increased soybean nutrients and
yield, and improved soil fertility, by increasing soil organic
matter, exchangeable Ca and Mg, and cation exchange capacity,
while no-tillage reduced the pH value. Thus, this species can
contribute to greater sustainability of tropical agriculture.

In a 5 year long-term study, de Azevedo et al. intercropped
Urochloa ruzizienzis in high-density citrus (Tahiti acid lime)
orchards, and compared four tillage systems: no-tillage, no
tillage and herbicide, minimum tillage, and conventional tillage.
Under non-irrigation conditions, incorporating U. ruziziensis
in the no-tillage system increased fruit yield and improved
water and nutrient-use efficiencies, as well as soil physical and
chemical characteristics.

Pariz et al. studied a triple intercrop system with maize,
pigeon pea (Cajanus cajan), and palisadegrass, combined with
over-sown black oat. They concluded that the system improved
nutrient cycling because the content of nutrients in standing
plant residues and surface mulch was increased, resulting in
better land- and nutrient-use efficiency.

In a soybean-wheat cropping system under no-tillage
management,Moreira et al. showed that phosphate application as
triple superphosphate efficiently supplied plants with phosphorus
and increased grain yields, with stronger effects for fertilizer rates
than application type on foliar phosphorus concentrations.

CROP RESILIENCE IN THE FACE OF

CLIMATE CHANGE

Due to global warming, high temperatures and consequent
drought have had a particularly detrimental impact in sub-
Saharan Africa (Meehl et al., 2007; Spinoni et al., 2020). In this
issue, Nyawade et al. and Chimonyo et al. present two examples
of intercropped systems that contribute to increasing crop yield
and improve water use efficiency (WUE). In the first paper,
potato (Solanum tuberosum) intercropped with either dolichos
(Lablab purpureus) or hairy vetch (Vicia sativa) and treated with
granular silicon resulted in higher yield and better WUE under
water deficit (Nyawade et al.). In the second, using an ex-ante
approach, Chimonyo et al. used the Agricultural Production
Systems sIMulator (APSIM) model to assess maize landraces
intercropped with Bambara groundnut (Vigna subterranean).
This intercropping system reduces land and water demand, and
offers an inexpensive management strategy in environments
projected to face water scarcity.

INTERCROPPING AND SOIL

MICROORGANISMS AS BIOFERTILIZERS

Traditional nitrogen-fixing legumes have been used to improve
soil fertility and staple crop performance for a long time, and

a rich diversity of local species have been employed such as
mung bean (Vigna radiata), Bambara groundnut, cowpea (Vigna
unguiculata), black gram (Vignamungo), and groundnut (Arachis
hypogaea). Lengwati et al. evaluated the contribution of local
food legumes as rotation crops for improving maize grain yield.
They established a series of field experiments in South Africa,
and used 15N/14N and 13C/12C isotopic analyses to determine
the percentage of nitrogen derived from symbiotic fixation. They
also evaluated maize grain yield and nutrient concentrations.
The results showed that the inclusion of nodulated legumes
as biofertilizers enhanced the yield of the cereal crop and the
nutritional quality of the grains.

Arbuscular mycorrhizal fungi (AMF) and plant
growth-promoting rhizobacteria (PGPR) have been used
as biofertilizers due to their beneficial effects on plant
performance, mainly by mobilizing soil nutrients and producing
phytohormones that stimulate root growth (Akinola and
Babalola, 2021). In a comprehensive field study in Southern
India over three successive cropping seasons, Mathimaran et al.
demonstrated the potential of AMF and PGPR application in
intercropping of pigeon pea and finger millet (Eleusine coracana).
AMF (Ambispora leptoticha and Rhizophagus fasciculatus) and
PGPR (Pseudomonas sp. strain MSSRFD41) systematically
improved grain yield for both pigeon pea and finger millet,
mainly when applied as a consortium in transplanted pigeon
pea-finger millet systems.

FRUIT-BASED INTERCROPPING SYSTEMS

Adverse climatic events contribute to a decline in soil
fertility and an increase in pests and disease incidence in
agriculture, reducing crop yield. Smallholders adopt banana-
based intercropping systems in East and Central Africa, where
fruit production contributes to food security and economic
(Abele et al., 2007). In this issue, Gambart et al. quantified
the profitability, sustainability, and nutritional yield of current
banana-based systems using a FarmDESIGN model (Ditzler
et al., 2019). A total of 120 farm households from two districts
in Uganda were interviewed, and qualitative and quantitative
information was collected. The agroecological intensification
levels of farms were clustered according to key variables such
as farm size, number of crop and hedge species, number of
agroforestry species, number of shade- and drought-tolerant
species, and production constraints and orientation. The authors
demonstrated the disparity in agroecological practices and socio-
economic constraints between farmers, and the FarmDESIGN
model was a valuable tool to assess farm performance, and may
help to reduce costs and time-consuming trials.

In banana-based production systems, intercrops beneath the
tree canopy are challenged by low light availability, and the
balance between the spacing density of banana plants and
the shade-tolerance of intercropped crops is crucial. In this
issue, Blomme et al. revealed the need for careful selection
of crops depending on canopy density and according to
seasonally available water. Taro, soybean,mucuna, chili, eggplant,
and Crotalaria sp. performed well in a low-density banana
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plantation. Cassava and soybean showed limited tolerance to
shade. Chickpea and mucuna were suitable for the long dry
season as they adapt to low water availability.

FORAGE DIVERSITY, SOIL FUNGAL

PATHOTROPHS, AND WEED CONTROL

The concomitant growth of two or more crops in the same area
without spatial rearrangement characterizes mixed intercropping
(Glaze-Corcoran et al., 2020). In high latitudinal regions, the
adoption of intercropped systems is challenging due to the
short growing season and the wide temperature range through
the year, especially extreme cold. In this issue, Lizarazo et al.
reviewed sustainable mixed cropping systems in the Boreal-
Nemoral region and explored possible combinations of crops
in terms of their unique features, advantages, and limitations.
The need for more sustainable options for crop production has
fostered interest in traditional cropping systems with mixed
plant species. However, despite being a sustainable option with
clear environmental benefits, mixed cropping systems still face
resistance from end-users and industries, and natural constraints
related to harsh climate conditions.

Bainard L. D. et al. reported the effects of increasing plant
species diversity on forage productivity and soil chemical and
biological characteristics in Canadian prairies. While in this
system, mixtures performed better than monoculture, producing
more nutritious forage, the abundance of fungal pathotrophs

in soils increased with plant diversity, highlighting the need
to select forage species based on local growing conditions and
plant–pathogen dynamics. However, in another study by this
group reported in this issue, Bainard J. D. et al. showed that the
diversification of forage species in the semiarid prairies of Canada
is an effective way to control weeds, which may have particular
relevance for reducing agrochemical inputs in these systems.

FINAL REMARKS

This Research Topic highlights the high diversity of
intercropping systems around the world. The articles discuss
the advantages of conservation agriculture practices, and
the limitations and bottlenecks to be overcome. Overall,
intercropping is a sustainable practice that can improve resource
use efficiency for both nutrients and water, thereby facilitating
low-input agricultural practices.
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