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Abstract

system for sustainable cotton production.

Recent publications have highlighted the development of an alternate cotton-peanut intercropping as a novel strat-
egy to enhance agricultural productivity. In this article, we provide an overview of the progress made in the alternate
cotton-peanut intercropping, specifically focusing on its yield benefits, environmental impacts, and the underlying
mechanisms. In addition, we advocate for future investigations into the selection or development of appropriate crop
varieties and agricultural equipment, pest management options, and the mechanisms of root-canopy interactions.
This review is intended to provide a valuable reference for understanding and adopting an alternate intercropping
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Introduction

Intercropping, the simultaneous planting of at least two
crops during the same period or season, and rotation,
the alternating planting of different crops on the same
field, has become crucial agricultural practices due to
urbanization and changes in the planting industry. The
escalating competition for land between cotton and oil
crops has become increasingly intense, prompting the
need for effective strategies to alleviate this conflict and
enhance farmland productivity (Chi et al., 2021). One
such strategy is the use of intercropping, with cotton-
peanut intercropping serving as a significant method to
achieve a double harvest of cotton and peanut within
the same season (Xie et al., 2022). However, traditional
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intercropping practices still pose obstacles to continu-
ous cropping, thereby limiting the realization of full yield
and benefit of intercropping. To address this issue, recent
developments have led to the emergence of a new inter-
cropping pattern, known as the alternate intercropping
of cotton-peanut, which integrates traditional intercrop-
ping and rotation of cotton and peanut (Chi et al., 2019;
2021; 2023). This innovative approach, characterized by
wide strip intercropping with annual switching of plant-
ing positions on the same land, combines the advantages
of both intercropping and rotation, resulting in a higher
productivity than the monoculture and traditional inter-
cropping. In this context, the alternate intercropping has
garnered attention as a promising method to enhance
agricultural productivity and to address the land compe-
tition challenges between cotton and oil crops.

Increased productivity through alternate
intercropping

The measurement of productivity is the primary and
essential metric for evaluating the effectiveness of crop
intercropping and rotation patterns in agriculture (Lv
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et al,, 2023). According to Xie et al. (2022), the traditional
intercropping of cotton-peanut was observed to slightly
decrease peanut pod yield but substantially increase seed
cotton vyield, thereby enhancing overall economic returns
when compared with monoculture systems of peanut
and cotton. Building on this observation, Chi et al. (2019)
reported that the traditional intercropping increased
seed cotton yield by 16.9% but decreased peanut yield by
5.6%. The alternate cotton-peanut intercropping is a new
approach to increase productivity due to its higher pro-
ductivity improvements than the traditional intercrop-
ping. Thus, the alternate cotton-peanut intercropping has
emerged as a novel approach with the potential to signifi-
cantly increase productivity compared with traditional
intercropping methods (Chi et al., 2023). In a compara-
tive analysis, Chi et al. (2023) found that the alternate
intercropping resulted in a 3.9% increase in seed cotton
yield, a 6.7% increase in peanut pod yield, and an over-
all productivity improvement of 10.6% when compared
with traditional intercropping practices. These findings
underscore the potential of the alternate intercropping
to enhance agricultural productivity and warrant further
exploration and adoption in agricultural systems.

Physiological attributes of the increased
productivity

Alternate intercropping increased the uptake of nitrogen,
phosphorus, and potassium in peanut by 6.3%, 11.5%,
and 7.3%, respectively, compared with the traditional
intercropping. It also increased the net photosynthetic
rate, chlorophyll content, and maximum leaf area index
of peanut by 7.2%, 8.9%, and 4.4%, respectively, relative
to the traditional intercropping (Chi et al,, 2019). The
advantage of the alternate intercropping over the tra-
ditional intercropping in terms of peanut yield is likely
attributed to the enhanced nutrient uptake and the alle-
viation of continuous cropping constraints (Xie et al,
2022). Further evidence from Chi et al. (2023) suggests
that the alternate intercropping increased canopy pho-
tosynthesis and photoassimilate partitioning to repro-
ductive organs, thus contributing to the increased cotton
yield observed in the alternate intercropping system.

In addition to the direct physiological effects, the
microbial community in the rhizosphere also plays a cru-
cial role. Xie et al. (2022) observed that intercropping
dramatically altered the soil bacterial abundance and
composition in both peanut and cotton strips of the top-
soil, whereas the bacterial diversity was barely affected
compared with peanut and cotton monoculture. Plant
growth-promoting rhizobacteria (PGPR) was found to
be more abundant in the alternate intercropping, which
is vital for enhancing nutrient uptake and canopy pho-
tosynthesis, as highlighted by Chi et al. (2023). These
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findings underscore the multifaceted impact of the alter-
nate intercropping on plant physiological attributes and
associated microbial communities, thereby contributing
to increased productivity and the development of sus-
tainable crop production systems.

Possible minimization of environmental impact

The potential for minimizing environmental impact
in agricultural ecosystems lies in the enhancement of
soil carbon storage, which has significant implications
for sustainable development goals such as food secu-
rity and climate change resilience (Rumpel et al., 2020).
Carbon sequestration in agricultural soil, which involves
the storage of atmospheric carbon (CO,), depends on
various factors such as climatic conditions, cropping
systems, and nutrient inputs (Qasim et al., 2020; Gross
et al., 2021). Notably, studies have demonstrated that
intercropping systems, particularly the alternate inter-
cropping of cotton-peanut, have led to increased carbon
accumulation compared with sole cropping systems,
while also resulting in higher yields for both cotton and
peanut, as well as overall productivity. This is attributed
to enhanced nutrient uptake facilitated by altered rhizo-
sphere bacteria and increased canopy production (Chi
et al,, 2023). Furthermore, peanut possesses the unique
trait of nitrogen fixation, leading to a rise in soil nitro-
gen content during harvest (Chi et al., 2019). This sug-
gests that using peanut as an intercrop with cotton may
allow for a reduction in the amount of nitrogen ferti-
lizer needed for cotton planting in the following season.
Ultimately, the alternate intercropping of cotton-peanut
has the potential to enhance nitrogen sequestration and
decrease greenhouse gas emissions.

Summary and future prospects
The new alternate intercropping system not only allows
farmers to harvest two crops in a year, but also increases
economic returns through enhanced crop productivity
relative to the traditional intercropping. In particular,
the crop output value under the alternate intercropping
was higher than that under the traditional intercropping,
while the input value remained the same, resulting in a
10% higher net return under the alternate intercropping
system. This substantial increase in net return is attrib-
uted to the considerable growth in crop productivity
without the need for additional inputs. Based on these
findings and conclusions, the new alternate intercropping
system shows promise as an alternative cropping method
in cotton and peanut planting areas.

Future research should focus on several key aspects.

Firstly, the development of compatible crop varieties
and mechanized equipment is vital for further enhanc-
ing crop yield and reducing labor costs. This involves
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screening cotton and peanut varieties that are well-suited
for alternate intercropping patterns, as well as identifying
agricultural machinery that aligns effectively with agro-
nomic practices.

Secondly, the impact of the new alternate intercropping
patterns on the microenvironment and the occurrence
of pests and diseases warrant thorough investigation.
These include studying alternate intercropping patterns
for cotton that can effectively control pests and diseases,
thereby reducing the pesticide applications.

Thirdly, further investigation of carbon sequestra-
tion and greenhouse gas emissions are needed. Future
research should prioritize long-term field experiments
aimed at evaluating the impact of the alternate intercrop-
ping on carbon sequestration and greenhouse gas emis-
sions. This thorough examination is essential for gaining
valuable insights into the potential environmental ben-
efits of these agricultural practices. These findings high-
light the capacity of such practices to improve carbon
sequestration and crop productivity on less arable land,
while concurrently mitigating greenhouse gas emissions.

Finally, exploration of underlying mechanisms is criti-
cal. Previous studies have revealed that the alternate
intercropping leads to an increase in the relative abun-
dance of PGPR, with significant correlations observed
between canopy photosynthesis and biological yield, *C
partitioning, and harvest index, as well as the relative
abundance of PGPR and uptake of major nutrients (Chi
et al., 2023). The elevated crop productivity observed in
the alternate cotton-peanut intercropping is possibly
linked to the heightened canopy photosynthesis, and
nutrient uptake associated with shifts in rhizosphere
bacterial communities. Therefore, future research efforts
should center on investigating the root-canopy interac-
tion of alternate crops and delving into the role of rhizos-
phere bacteria in shoot-root interactions.

In conclusion, the alternate cotton-peanut intercrop-
ping represents a novel approach to bolster agricultural
productivity. Future research focusing on root-canopy
interaction of alternate crops and the involvement of
rhizosphere bacteria in shoot-root interactions would
improve our understanding of how alternate intercrop-
ping enhances system productivity.
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