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ABSTRACT: Intercropping is the process of planting two or more crops simultaneously in the same field in order to provide greater ecosystem
services (i.e. services related to sustainable land and water use, climate change mitigation, and ecosystem restoration). In southern Mexico, the
cereal-legume intercropping is a traditional cropping practice that is declining overtime. This paper provides a literature review of the potential
benefits and constraints of a maize-legume intercropping for small-scale farms in southern Mexico. This review explored and elucidated the
different ecosystem services delivered by maize-legume intercropping systems. This information will help farmers know how to make a better
use of cereal-legume intercropping systems to increase maize yields, improve their socioeconomic conditions, and enhance conservation
agricultural practices in southern Mexico.

Key words: cover crop, monocropping, nitrogen fixation, sustainability, yield.

Sistemas consorciados de milho no sul do México:
uma revisao dos beneficios e desafios

RESUMO: Consorcio é o processo de plantar duas ou mais safras simultaneamente no mesmo campo, a fim de fornecer maiores servigos
de ecossistema (ou seja, servigos relacionados ao uso sustentavel da terra e da dagua, mitiga¢do das mudangas climaticas e restauragdo do
ecossistema) para as lavouras. No sul do México, o consorcio cereal-leguminosa é uma pratica tradicional de cultivo que estd diminuindo
com o tempo. Este artigo fornece uma revisdo da literatura sobre os beneficios e limitagdes potenciais do consorcio milho-leguminosa para
fazendas de pequena escala no sul do México. Esta revisdo foi escrita para explorar e elucidar os diferentes servigos ecossistémicos fornecidos
por sistemas consorciados de milho e leguminosa. Essas informagdes ajudardo os agricultores a saber como fazer um melhor uso dos sistemas
consorciados de cereais e leguminosas para aumentar a produtividade do milho, melhorar sua subsisténcia socioeconomica e melhorar as
praticas agricolas de conservagdo no sul do México.

Palavras-chave: cultura de cobertura, monocultura, fixagdo de nitrogénio, sustentavel, rendimento.

INTRODUCTION important cereal crop (FERNANDEZ, 2013), central

to farming systems and cultural foodways throughout

Maize (Zea mays, L.) is among the
world’s top three consumed cereal crops (60%-
94%) (International Grains Council, 2018. Supply
& Demand. London, UK. Available online:http://
www.ige.int/en/markets/marketinfo-sd.aspx). Due to
the increasing world population, which is projected
to reach between 9.4 and 10.2 billion by 2050, there
is a need to increase global world food production
by 22 to 34% (World Water Development Report
[WWDR], 2018). In Mexico, maize is the most
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the country. On average, maize is the most consumed
cereal for human consumption; about 343 g per day
per capita is consumed in Mexico (CEDRSSA, 2014).
Furthermore, it is the basic food for most Mexican
people, especially among smallholder farmers (i.e.,
farmers who own small areas land on which they
usually grow subsistence crops) (TURRENT et al.,
2012). More than half of the Mexico’s cultivated
agricultural area is dominated by this cereal, with
approximately 7.5 million hectares, mostly (85%)
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in rain-fed conditions (SIAP, 2015). In Southern
Mexico, intercropping is generally practiced under
rainfed conditions due to the scarcity of irrigation
systems (WOMMACK, 2018).

Intercropping is a type of mixed cropping
and described as an agro-ecological system that
consists of growing two or more crops together in the
same plot of land (BEDOUSSAC et al., 2015). This
traditional farming practice varies regionally, and as
such, crops grown in this arrangement are diverse,
and differ by species or cultivar. This practice is
considered as an environmentally-friendly cropping
practice, that among other things, is land-sparing
and may produce more food quantity and diversity
on less or equal land as crops grown in monoculture.
The intercropping approach takes advantage of
mutualistic relationships between crops species as
well as differences in niche occupation over time and
space (FRANCIS, 1986), which frequently results in
increased profitability and ecosystem services (ZHI
et al., 2007).

Intercropping systems have been shown
to increase total crop yield per unit area through a
concept called “overyielding” (GLIESSMAN, 2007).
The greater ecological efficiencies, as well as the
ability to buffer risk of crop failure of any one crop,
as some of the reasons for farmers utilize the practice.
Intercropping legumes, for example, can boost yield
per unit area by making the best use of all available
resources (nitrogen fixation from the legume species
as well as weed suppression improvement) that a
single crop would be unable to use (ZHANG et al.
2011; RAM and MEENA 2014).

Intercropping has been widely practiced
in smallholder cropping systems for hundreds of
years worldwide (BANIK et al., 2006). In addition
to yield increases and stability, the practice has been
reported to deliver several ecosystem services such as
conservation ofthe biodiversity of soil microorganisms
(NICHOLLS et al, 2016; HAMBURDA et al.,
2015), better nutrient management (PUNYALUE et
al., 2018, weed suppression, pest control, pollination
benefits and soil conservation (JENSEN et al., 2020).
Furthermore, intercropping maize with legumes
improved farm sustainability and mitigate climate
change (NICHOLLS et al., 2016), reduce soil erosion
(BLANCO-CANQUI et al., 2015) and enhance water
conservation (NICHOLLS et al., 2016).

Although, the potential advantages of
maize-legume intercropping systems are well
documented and numerous, management complexity
and other agronomic challenges are present as
well (KARIAGA, 2004). Intercropping may also

require more effort in terms of field management,
including in field preparation, seed combination,
and additional labor throughout the crop grown
and haverst process. Although, many studies
have documented that intercropping can increase
production per unit of land, a few studies have
shown that maize-legume intercropping can reduce
maize productivity. For example, YAP et al. (2017)
reported that in a maize-legume intercropping
system, maize yields are drastically reduced when
compared to a monocropping system (YAP et al.,
2017). As such, farmers practicing intercropping
may trade higher overall yield for all crops grown
in the intercropping system for lower yields of the
maize crop in particular.

In Mexico’s southern states, maize-
based intercropping is a traditional practice and
is widely grown in the “milpa” system. The
milpa system typically consisted of a polyculture
in which farmers sow maize, squash (Cucurbita
moschata Duch; Cucurbita argyrosperma Huber,
Cucurbita pepo L.) and beans (Phaseolus vulgaris
L. and Phaseolus lunatus L.) in the same piece of
land (LARA-PONCE et al., 2012; GOMEZ, 2011).
In Mexico’s southern states, soils are volcanic in
origin and are typically low in fertility, and milpa
farmers utilizing the system are increasingly
reliant on chemical inputs. In recent decades,
researchers have been increasingly encouraging
the incorporation maize-legumes into the region’s
farming systems in order to attain sustainability or
avoid negative environmental impacts such as soil
erosion and chemical runoff.

The region’s tradional cropping system is
an interesting option for the region’s farming system
because of the ecosystem services they provide. In
southern Mexico, more information regarding the
current state of intercropping systems, including
the benefits and drawbacks of this technique, is
needed. Understanding the state of the intercropping
system for this particular region, its advantages and
constraints can lead to a more efficient use of the
intercropping practice. In addition, recent reviews
have addressed the potential of using intercropping
systems to improve ecosystem services. Here, we
reviewed the literature providing an overview of
the potential benefits and constraints of a maize-
legume intercropping system as well as the prospects
for using maize-legume intercropping systems
effectively to provide nitrogen (N) to crops, control
weed populations, reduce pest and disease, and
minimize soil erosion. Additionally, its effects on
farm income and/or food security and challenges
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associated with maize-legume intercropping system
of southern Mexico.
Types of intercropping systems in agriculture
Globally, intercropping systems that are
most commonly used including mixed intercropping,
tramline intercropping, alley intercropping, within
row intercropping, row or strip intercropping and
relay intercropping (BEETS, 1990). According to
LICHTFOUSE et al. (2009), strip and relay are the
primarily intercropping systems used worldwide
because they are the greatest in economic importance;
however, MOUSAVI & ESKANDARI (2011)
reported that row intercropping, mixed intercropping,
strip intercropping, and relay intercropping are the
most forms of intercropping systems in agriculture.

Mixed and row intercropping

Mixed intercropping means simultaneously
growing two or more crops on a portion of the field
without consistent spatial arrangement. This is in
contrast to row intercropping, where one or more
crops are planted in different (generally alternating)
rows. This system helps optimizing crops’ light
exposure, simplifies farm operations, reduces
humidity, and decreases shading problems (BAREJA,
2010). This sort of intercropping is used for a variety
of purposes, including pasture and forage production
(DORDAS et al., 2012), grain and pulse production
(AGEGNEHU et al., 2006), crop livestock integrated
system (CRUSCIOL et al., 2012, 2013), and other
rotating systems.

Tramline intercropping

In the tramline system, two rows of a crop are
planted alongside two rows of another crop. This system
has the potential to improve both crops’ competition for
light, nutrients, and water (GRAIN, 2015).

Intercropping using agroforestry practices

Alley intercropping (an agroforestry
practice) is the process of growing vegetable crops
and trees together (as in agroforestry), where the
trees are grown in rows and the vegetable crops
grown in the “alleyways” between the trees. In
this arrangment water and nutrients can be easily
extracted by crop plant roots and leguminous trees
may contribute N to the system (EVERSON et al.,
2007). Within-row intercropping is an agroforestry
practice in which two or more crops are planted in the
same row. Overall, agroforestry system a within-row
intercropping system that involves the interaction of
trees and shrubs and other kinds of forestry plant with
the aim of achieving net economic and ecological

gains, as well as enhancing productivity, profitability,
diversity and ecosystem sustainability (NATIONAL
AGROFORESTRY POLICY, 2014). However,
this type of intercropping system may result in
interspecific competition problems and attention to
species selection and crop management must be taken
into consideration.

Relay intercropping

Relay intercropping promotes the planting
of one crop first followed by planting a second crop
after the first crop has entered its reproductive stage
but before it is ready for harvesting (YAMANE et al.,
2016). Relay intercropping is commonly used in the
production of grains, pulses and cotton (Gossypium
hirsutum) (SU et al., 2014).

Strip intercropping

Strip intercropping is the process in
which two or more crops are planted separately in
narrow adjacent strips which allow contact between
the wvarious species (GHAFFARZADEH, 1999).
This type of intercropping is generally employed
for grain and pulse production (BIABANI et al.,
2012)., as well as fodder production (PUTNAM et
al., 1985, 1986). Strips can be harvested together
or separately. Significant interspecific interactions,
such as shadowing, root mingling, and competition
for water and nutrients, are possible with this type
of intercropping.

Milpa intercropping system

In Southern Mexico, crops grown in the
milpa system utilize a variety of crop combination
strategies, which vary by the location in which it is
used. Mixed intercropping, relay intercropping, and
strip intercropping arrangments are all practiced in
the region.

Considerations in selecting legume species for the
maize-based intercropping system

Characteristics of legume crops that
have been shown to be successful in intercropping
systems include traits related to germination, N
fixation and water dynamics. Specifically, legume
crops in intercropping arrangments should germinate
and emerge quickly, be tolerant of extreme weather
conditions, and be capable of fixing N from the
atmosphere. Furthermore, ideal legume crops should
be able to absorb nutrients from the soil by forming
deep roots, produce more biomass in a shorter period
of time, be easy to work and cultivate, not compete
with the main crop, be insect pest and disease
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resistant, suppress weeds, and be cost-effective
to cultivate (REDDY, 2016). Although, crops in
intercropping systems may be sown at different
times, to achieve maximum benefit of the mutualism,
crops must be grown together for the majority of
the growing season. Cereals grown in polyculture
are frequently considered the main crop due to their
primary importance for economic or food production
reasons; although, other crops may add to make the
system more profitable in a polyculture.

Understanding the mechanisms by which intercrops
boost growth and yield

Cereal-legume intercropping has long been
regarded as efficacious in low-nitrogen environments,
due to the functional complementarity for N uptake
that this system provides (PELZER et al., 2012).
Rhizobia bacteria in the roots of leguminous plants
“fix” atmospheric N and incorporate it into the
biomass of the legume, increasing the abundance
of N in the system through the biomass of the plant
and root exudates. Cereals can use a considerable
amount of the available N in the cropping system and
have been shown to have complementary N dynamics
(FAN et al., 2006). In addition to N complementarity,
the rhizosphere exudation of phosphatases and
carboxylates is suggested to aid legumes in acquiring
phosphorous (P) from intercropped cereals (LI et
al., 2014). Similarly, crop yields can be increased by
improving P acquisition.

Cereal and legume intercrops have also
been shown to utilize light resources more efficiently
when compared to monocropping systems. Improved
radiation use efficiency (RUE) will have a direct
impact on crop biomass, resulting in increased grain
growth and output. Due to reduced N competition
in maize-bean intercropping systems, maize RUE
increased by 7% to 11% when compared to solitary
maize, according to MAHALLATTI et al. (2015).

Maize-legume intercropping in Southern Mexico

In developing countries, especially in
tropical regions, intercropping is considered a standard
practice and is typically practiced in low-input or low
yield farming systems and performed on small-scale
farms with low resources (NGWIRA et al., 2012). In
southern Mexico, Intercropping plays an important
role in maintaining the food security of the region.
For example, VELEZ et al. (2007) reported that in
the State of Yucatan, Mexico, more than 50,000
families rely on maize production for their basic food
consumption; however, due to the lack of secondary
vegetation and land required for the rotation practice

in the system, maize-legume intercropping is facing
severe threats that might affect its continuity.

In the southern region of Mexico, maize
is commonly intercropped with squash and beans
(ALVAREZ-BUYLLA et al., 2011), and planted
at different intervals to avoid competition between
crops species. Squash was first integrated into the
milpa system (8,025 - 4,360 BC), subsequently maize
(4,280 - 2,455 BC) and finally bean (380 BC-730 AD)
(ALVAREZ-BUYLLA et al., 2011). Different maize-
legume intercropping systems used in the southern
region of Mexico are shown in table 1. Historically,
maize has been the most important crop cultivated
under this system in America. Maize production
under the milpa system was one of the main
sources of plant products for people settled in the
Mesoamerican region in the ancient times (TERAN
& RASMUSSEN, 1994). This system provided yield
resilience to climat variability, pests and disease
pressure, and other agricultural production problems
(ZIZUMBO, 1986; TERAN & RASMUSSEN, 1994).

In Southern Mexico, legume species such
as P, lunatus, P. vulgaris and Vigna unguiculata have
been commonly used in the milpa system (TERAN et
al., 1998). Additionally, species such as velvet bean
(Mucuna pruriens, L. DC.) and jack bean (Canavalia
ensiformis, L. Dc.) have been recently cultivated
intercropped with maize in the southern part of
Mexico, especially as a cover crop and as a food
source for cattle.

Throughout the region, the milpa system
has been shown to be more productive with respect to
the land equivalent ratio, particularly when crops are
handled under organic management. Recent studies
from the southern Mexico recorded that maize was
able to achieve a range of grain yield between 2.8 and
4 t ha'l, in all the different groups participated in the
survey (MARTINEZ-AGUILAR, 2020).

Advantages of maize-legume intercropping system
Effect on growth and yield

The yield of the primary crop in the maize-
legume intercropping system may vary depending
on the spatial arrangement and the time of intercrop
planting (HTET et al., 2017). ADDO-QUAYE et al.
(2011) reported that the crop spatial arrangement
was vital for a higher maize yield when associated
with soybean (Glycine max). MAITRA et al., (2019)
reported that a maize-legume intercropping system
increased maize yields. In a monocropping system,
maize yield was 5669 kg ha'! while in a legume-
intercropping system with groundnut (A4rachis
hypogaea, L.), maize had a yield of 7609 kg ha’.
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Table 1 - Maize-legume intercropping system in the southern Mexico.

Intercropping System Region Benefits Reference

Pineapple M. deeringiana-C. M.deeringiana + corn yielded 3750 kg ha-1; corn+ bean

szocoas

ensiformis- maize, beans, Tabagco, 3875 kg ha-1. M.deeringiana-Pineapple intercropping is DELA CRUZ et al,
Mexico . 2006
Habanero hot pepper a viable and profitable strategy.

. Villaflores, . L. L. , .
Jamaica (Stachytarpheta Chianas Jamaica-bean-maize intercropping increased farm’s RUIZ-GONZALEZ,
Jamaicensis)-bean-maize pas, profit. 2015

Mexico
) Yucatan Burning in 1nterc_ropp1ng system decreasgq the SOM and EBEL & ROLAND,
Maize-bean-squash . N content, but increase K, Ca, Mg, salinity, and bulk
Peninsula . 2018
density.
' Yucatan, Malze—beal_l y1e¥ded more in year three, whereas a sole GARCIA & GIL,
Maize-bean . maize yielded more in the fourth years.
Mexico 2013
Pumpkin, maize and Yucatan A two-years Fallow added higher organic matter, NOs. URIBE-VALLE &
vegetable, Leucaena Mexico’ and K content and a four-year fallow which added only PETIT-ALDANA,
leucocephala, M. pruriens Mg to the soil. 2007
M. pruriens or C. brasiliensis, Yucatan, Both legume and roselle increase maize yield and S A]\l;](;gglzase-t al
maize & Hibiscus sabdariffa Mexico reduced weed by 24-55%. 2009 ?
Yucatan A sole Maize and a maize-lime yielded more than M. CASTILLO-
Maize, lima bean, M. pruriens Mexi ’ pruriens, but M. pruriens reduced more weeds during CAAMAL et al.,
exico .
the third year. 2010

PUNYALUE et al. (2018) reported that maize-
legume intercropping system enhanced maize yield
by 31-53% and increased the rate of dry biomass
with a high accumulation of N, which was better
than planting the maize after burning the dry biomass
residue. WANG et al. (2014) concluded that maize
grain yield in an intercropping system is substantially
greater than in a monocropping system. Shivay et al.
(2001) reported that intercropping of maize, both in
standard row planting and paired row planting, with
urdbean (Vigna mungo L. Hepper.) significantly
increased the grain yield of maize. NYASASI &
KISETU (2014) reported that maize intercropped
with V. unguiculata had significantly lower yields
when compared to a single maize crop; however, due
to legumes ability to add N to the soil, intercropping
constitutes a promising strategy to enhance maize
yield. The yield benefit that an intercropping system
offer is due to a legume’s ability to fix N and enhance
nutrient cycling, soil fertility and microclimate
(WITTWER et al., 2017).

Maize-legume intercropping reduced
maize yield when compared to a maize monocrop
due to the competition problems that may appear

between the cereal and legume crops. For example,
CHOUDHARY & CHOUDHURY (2016) reported
a maize yield of 4110 kg ha' in a monocropping
system and a lower yield of 3886 kg ha! in a maize-
soybean intercropping system. SOUZA et al. (2019)
reported that when sunn hemp (Crotalaria juncea, L.)
was sown before maize, it reduced the maize yield, but
increased its phytomass. The decrease in maize yield
when intercropped with legumes has been associated
to various factor, among those negative effect of
shading on maize growth (ABERA, et al., 2017),
increased competition for intercropping (ABERA et
al., 2017). The advantages of monocropping yield
benefit over the maize-legume intercropping system
is mostly due to the interspecific competition that
exists among the cereal-legume species for space,
nutrient, water, and light.

Intercropping maize with legumes has
also been productive for the farming system of
the southern Mexico. EBEL & ROLAND (2017)
reported that a maize-bean intercropping system
can enhance maize yield in a satisfactory way when
compared to a monocropping system. Previous
studies from a two-year experiment concluded that
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C. ensiformis, jumbiebean (Leucaena leucocephala
Lam.) de Wit], wild tamarind (Lysiloma latisiliquum
L. Benth.) and M. deeringiana helped increase maize
yield in a maize-legume intercropping system.

Intercropping maize with C. ensiformis
increased the grain yield of maize during the second
year of intercropping when compared to maize in a
monoculture. For example, QUIROGA et al. 2006
reported that a Maize-C. ensiformis produced a higher
amount of biomass than a maize monocropping
system, this biomass production led the Maize-C.
ensiformis intercrop to produce 12% more grain yield
than a sole maize after three consecutive years.

The maize-legume intercropping system
reduced maize yield in southern Mexico, when
the planting date is not taking into consideration
regarding to the type of legume species chosen to be
intercropped with the cereal. CASTILLO-CAAMAL
& CAAMAL-MALDONADO (2011) reported that
when velvet bean is simultaneaously intercroppped
with maize or 20 days after the maize planding date,
maize grain yield and biomass production decreased
by 59% and 25% respectively.

Effect on weed suppression

Weed competition may cause field losses
in maize from 20-100% based on the level of weed
infestation found in the cropping system (PATEL
et al., 2006). Weeds are one of the major problems
faced by farmers because weeds compete for water,
nutrients, and light with cash crops (MCERLICH &
BOYDSTON, 2014).

Legumes have been wused as cover
crops to suppress weed populations for cash crops
(HARKER & O’DONOVAN, 2013; LANGEROODI
et al, 2018). Adoption of legume cover crops
in agroecological production systems has been
widespread globally, and as a result, has allowed
for reduced the use of tillage and herbicides, which
enhances their agroecosystem’s sustainability
(SARE/CTIC, 2017). Weed suppression in the
maize-legume association is given by smothering
weeds physically (HUTCHINSON & MCGIFFEN,
2000) and chemically by releasing allelochemicals
(KUNZ et al., 2016). Previous studies have reported
that a maize- legume intercropping pattern can have
an impact on weed suppression that can be around
0-50% (AKEMO et al., 2000).

When maize is intercropped with
legumes, competition for light, nutrients and water
is increased, which makes intercropping a more
effective alternative to reduce weed growth compared
to a monocropping system. NAHER et al. (2019)

determined that a maize-legume intercropping
system is a promising technique for weed control and
increasing maize yields. They found that two lines
of pea (Pisum sativum L.) intercropped between two
rows of maize, with two weeding regimes at 20 and
40 days after emergence (DAE), can reduce weed
populations and increase maize yields. JAMSHIDI et
al. (2013) reported that a reduction of weed biomass
by intercropping of maize-cowpea was between
39.6% to 45.5% when crops were at a density between
7.5 to 9 plants m?2 SAUDY (2015) also reported
that in intercropping systems V. unguiculata reduced
weed growth by more than 49% when compared
to a sole maize crop. ODHIAMBO et al. (2011)
reported that intercropping maize with soybean
reduced the presence of the weed Striga hermonthica
(Delile) Benth. HUGAR & PALLED (2008) showed
that maize intercropped with cowpea and maize
intercropped with frenchbean (P. vulgaris) provided
the lowest weed population and weed dry weight and
highest weed control efficiency. The results of the
field study conducted by KHAN et al. (2012) reported
that in a maize-soybean intercropping system, weed
populations were reduced from 230 plants m
in a monocropping maize crop to 50 plants_m™.
BILALIS et al. (2010) recorded that intercropping
maize and legumes were able to minimize weed
density compared to sole maize. One of the main
reasons for weed control under intercropping is due
to the covering of the soil surface, which limits the
light availability of weeds.

Depending on the type of legume species,
intercropping may be more or less effective in
suppressing weeds. It can be challenging for farmers
to identify which legume species are more effective
in reducing weeds population. PANDEY et al.
(3003) recorded that maize-forage meth [Phaseolus
aconitifolius (Jacq) intercropping system presented
the highest weed control efficiency; however,
maize-pigeonpea [Cajanus cajan (L.) Millsp.]
intercropping system was not effective in reducing
weeds population.

In the southern region of Mexico, the
use of legume species has gained popularity for
delivering ecosystem services which benefit the
agricultural system. Their ability to improve yields,
weed control, pest and disease reduction and the
like, make the maize-legume intercropping system a
valuable resource that farmers could use to improve
the sustainability of their farming system. For
example, FLORES-SANCHEZ et al. (2018) found
that Canavalia brasiliensis Mart. ex Benth and M.
pruriens produced positive results on weed control.
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For example, intercropping maize and maize-roselle
(Hibiscus sabdariffa L.) mixtures with the legumes
canavalia (Canavalia brasiliensis Mart. ex Benth)
and M. pruriens reduced weeds population by 24—
55%; however, C. brasiliensis was more effective
when compared to M. pruriens in terms of its ability
to adapt in marginal environment. Previous studies
from the southern region of Mexico reported that
C. ensiformis, Leucaena leucocephala Lam. and
Lysiloma latisiliqguum L. Benth. reduced weed
growth when cultivated with maize (CAAMAL-
MALDONADO, 2001).

Other studies from QUIROGA, (2000)
also reported that Both C. ensiformis and M.
deeringiana contributed to weed suppression when
intercropped with maize by the fact that these legume
species are resistant to shading from other crops (type
C3 plant) and strongly allelopathic to certain weeds.
Based on the lack of little scientific information from
the southern region of Mexico about the potential of
maize-legume intercropping system to control weeds
population, there is a need to evaluate new legume
species and determine their potential to suppress
weeds and reduce the use of herbicides in the cropping
system of this region.

Effect on pests

Pest and pathogenic population dynamics
can be affected by intercropping systems. GABA et
al. (2014) reported that intercropping systems offer
primary ecosystem services including pest control.
Intercropping of appropriate crops encourages
biodiversity by offering a habitat for a range of insects
that would not survive in a monocropping system
(LULIE, 2017).

Legume intercropping system species can
influence insect-pest populations due to the ability of
some of these legume species to release odors that
displease insects; some of them are repellants to pests
and can be a promising option to reduce the use of
pesticides in agriculture (MUNOZ, 2018). In a maize-
legume intercropping system, populations of beneficial
insects such as parasites and predators are increased
and pests which are harmful may remain below the
economic threshold because of the great diversity of
crops (MAITRA et al., 2019). KINAMA & PIERRE
(2018) reported that in a maize-legume intercropping
system enhanced the number of beneficial insects and
minimized the numbers corn borer (Ostrinia nubilalis)
and leaf hopper (Cicadellidae).

In southern Mexico, little scientific
information is available on the potential of legumes to
control pest and disease populations. However, some

research carried out in Chiapas and Tabasco by various
authors showed that, in most cases and consistently,
the maize-legume intercropping system can reduce
pest and disease incidence in maize. For example,
ALVARADO (1994) reported that a Maize-M.
pruriens intercropping system was able to reduce
Spodoptera frugiperda (J. E. Smith) (Lepidoptera:
Noctuidae) populations when compared to a sole
maize production. Furthermore, VAZQUEZ (1995),
recorded that a Maize-C. ensiformis intercropping
system produced a higher reduction of various soil
insects and Spodoptera spp. IMENEZ (1996) also
reported the benefits of a maize-legume intercropping
over a sole maize production in reducing Spodoptera
spp, and Euetheola humilis (soil). Finally, studies
from GARCIA el al., (1994) also reported that
Maize-M. pruriens reduced Pylhium spp. from the
soil when sown in a maize-legume intercropping
system. Based on that, there is a need to evaluate
new legume species and determine their potential to
suppress pests and disease population in the maize-
legume intercropping system of the southern Mexico.

Nitrogen fixation

The combination of cereal and legume in
intercropping system can boosts soil fertility because
legume crops can symbiotically fix atmospheric N, in
ways available to plants through symbiotic relationships
with Rhizobium bacteria and provide substantial
N in low-fertility soils, thus supplying additional
N to subsequent crops and reducing the crop’s N
application requirement (BLANCO-CANQUI et al.,
2015). Intercropping legumes alters the rhizosphere’s
microorganism colony dynamics, allowing for
greater nutrient mineralization (MOBASSER et al.,
2014). According to various studies, the adoption of
the legume-based intercropping system can result
in changes in physicochemical properties in the
rhizosphere soil (ZHANG et al., 2004). These changes
in physicochemical properties in the rhizosphere soil
may be to ability of the maize-legume intercropping
system to add fresh organic matter and enhance the
soil microbial population, which can contribute to
the availability of organic carbon, N, and phosphorus
in the soil (SONG et al., 2006). As legumes share
up to 15% of N to cereals in the legume-based
intercropping system, atmospheric N is biologically
fixed and utilized by legumes as well as allied non-
legumes (LI et al., 2009). Legumes generally have
large amount of N accumulation in their biomass,
which confirms their ability to supply N to the
cropping systems. Previous studies have found that
C. ensiformis, C. juncea, pigeon pea (Cajanus cajan
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L. millsp.) and M. pruriens had the ability to provide
a large accumulation of N and a large production
of dry matter for ground cover in tropical regions
such as Brazil and Mexico (PAIVA et al., 2014).
ALMEIDA-SANTOS et al. (2019) reported that the
average accumulation of dry biomass was between
7.08 and 7.16 t ha'! and the average accumulation
of 151.61 and 176.37 kg ha' of N by C. juncea.
Other studies have also reported that C. ensiformis
produced up to 8.55 t ha! of dry biomass and fixed
up to 112.4 kg ha! of N in marginal environments
(PAIVA et al., 2014). Furthermore, studies have
shown that M. pruriens had a maximum of 201 kg
ha! of N in the soil (REYES et al., 2013). When
legumes intercropped with maize, this intercropping
system offers greater benefits for the cereal by fixing
N. Enhanced N uptake was reported by different
researchers under a varied intercropping system
where legume was considered as a component, for
example, maize + sunn hemp intercropping (CHIEZA
et al., 2017) and maize-soybean intercropping system
(OWUSU & SADICK, 2016). RAZA et al. (2019)
also suggested more N uptake in intercropping which
contributed to increase the productivity of maize and
soybean, due to the leaf defoliation of legumes which
have nutrient accumulation (RAZA et al., 2019).
OLUJOBI et al. (2013) also reported that C. cajan
was able to transfer some of its N content to maize
in an intercropping system while at the same time the
uptake of this nutrient was enhanced because of the
ability of pigeon pea to fix N.

Numerous research studies have also
shown that intercropping can help improve the
biological N fixation compared to monocrop. For
example, DU et al. (2020) reported that intercropping
helps preserve soil fertility due to its ability to
enhance interspecific N competition. Additionally,
the results showed that soybean nodule dry weight
and nitrogenase activities were 34.2% and 12.5%
higher in intercropping than in monoculture at the
initial seed stage. GAO et al. (2010) recorded that
intercropping system is biologically more efficient
in providing greater amount of soil mass compared
to a sole cropping system. WANG & GAO (2014)
reported that maize-legume intercropping can ease
the inhibition of nitrate on the expression of nitrate on
the expression of essential nodulation and N fixation
genes, facilitating nodulation and symbiotic N
fixation. In the southern region of Mexico, FLORES-
SANCHEZ etal. (2018) found that C. brasiliensis and
M. pruriens intercropped with maize-roselle could
fix N to the system and prevent nutrient leaching in
the intercropping system. The intercropping maize-

legume increased the uptake of N by 52%, P by
24% and by K by 30%. Furthermore, studies have
shown that Maize-C. ensiformis-Bradyrhizobium
intercropping system produced a range from 70 to 91
kg ha'! without application of fertilizers in Chiapas,
Mexico (QUIROGA, 2000).

Conversely, some limiting factors may
decrease the process of N fixation in the intercropping
system, if some of the following factors become
limited for the cropping systems. For example, in a
few cases, intercropping can prevent from achieving
its potential by a decrease in availability of light,
water, oxygen (in waterlogged soils), temperature,
or any one of 14 essential mineral elements
(MARSCHNER, 2012). In addition, even though
legumes can increase the N fixation process when
intercropped with cereals, this does not necessarily
enhance the cereal crop yields. DANSO et al.
(1987) reported that the dry matter yield and total N
in intercropped fababeans (Vicia faba) were lower,
resulting in a small reduction in the amount of N
fixed in the presence of barley, when compared to the
sole crop. However, the proportion of N in fababeans
derived from fixation was significantly higher in the
intercropped system, according to the same author.

In this context, as N is one of the limiting
factors for the region, the use of legumes in the region’s
intercropping system has been effective in promoting the
agricultural productivity of the maize-based traditional
farming system, even though the legumes species
commonly used have not fully been studied in order to
explore their potential in fixing N biologically. Little is
known about the exact quantity of N these traditional
legume species can fix in the system and how these
legumes interact with the cereal in order to increase
the productivity of the farming whole farming systems.
As N is considered as one of the limiting factors for
maize growth and yield, selection and management of
proper legume species to minimize competition within
intercropping systems may improve the region’s farms
benefits. ALTIERI et al. (2012) reported that legumes
can enhance the agricultural productivity of farming
systems where N is restricted.

Effect on soil erosion

Soil erosion is one the main threats facing
natural resources essential for global food production.
Farmers have been looking for alternatives that could
minimize soil erosion impacts. Intercropping maize
with leguminous species may play a fundamental role
in soil conservation, which results in an increase in
crop productivity and farm income. Intercropping
prevents soil erosion due to the great land coverage
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offered by the intercropped species. When the soil
is covered, it helps reduce the impacts of raindrops
on the soil. A maize-legume intercropping system,
for example, can help reduce the raindrops’ effects
on the soil. In a maize-cowpea intercropping
system, intercropping is mostly provided enough
land cover to protect the soil, thus, this contributed
to the reduction of soil erosion (KARIAGA, 2004).
Maize can play a crucial role against wind erosion
which favors legumes (KINAMA & PIERRE, 2018),
this may be due to the fact that in a cereal-legume
intercropping systems, maize plants are considered
as the taller crops, which can serve as wind breaks,
protecting legumes which have shorter canopy from
wind erosion. The maize-lablab (Lablab purpureus
L. Sweet.) combination of intercropping is known
to enhance soil erosion control, soil fertility and
also increase maize yields in highlands with no
burning practices (PUNYALUE et al., 2018). The
soil erosion reduction was also reduced by 26% and
soil losses by 43% in maize + cowpea intercropping
system compared to a monocropping system with a
sole maize crop (SHARMA et al., 2017). This was
attributed to the contribution of leaf fall and legume-
based biological N fixation.

In southern Mexico, there is a lack of studies
based on the effect of maize-legume intercropping to
enhance soil erosion control. However, some work in
the region indicates that intercropping may increase the
soil organic matter content after a few years of being
established. Additionally, this practice covers greater
ground area compared to monocropping of cereals,
thus, it is proven to be more beneficial in terms of
erosion management. Among the few studies on that
matter, GUEVARA (2000) reported that maize-mucuna
intercropping system can increase the region’s amount
of soil organic matter (6.1-71%), when compared to a
sole maize (> 3.4-5.0%) after 4 years of experiments.
Overall, the cereal legume intercropping system can
be considered as one of the main factors responsible to
increase the southern region’s soil fertility.

Effect on farm income and/or food security
Intercropping can enhance farm income
and food and nutritional security in developing
countries. Agriculture is mainly practice under
subsistence farming practices, thus, maize-legume
intercropping systems can play a critical part in the
reduction of hunger due to its ability to provide a
major portion of the family’s calorie intake. A recent
study by CHRISTINE et al. (2018) showed that a
cereal-legume rotation enhanced the production of
calories and protein. Intercropping can also increase

farms benefits due to the large diversity of crops that are
mostly grown simultaneously. ARSYAD et al. (2020)
reported that intercropping farming systems with higher
crop diversity greatly increased farmer income. In the
southern region of Mexico, little is known about the
effect of maize-legume intercropping system on farm
income and/or food security; however, a few scientific
studies showed that conservation practices can help the
small farms confront and adapt to changes and turn the
system more resilient. As intercropping is part of the
conservation practices, this could lead to improve the
well-being of the people and also affect negatively food
insecurity risk of the rural families. MARGARITA &
ERNESTO (2019) demonstrated that agrobiodiverse
landscapes contributed to a reduction in the number of
people affected by food insecurity. Conversely, a few
studies from the southern region found no significant
relation of intercropping on food security. For
example, research by CARBAJAL (2019) showed that
intercropping had no significant relationship between
the nutritional food security, diversity indices, or
economic variables; nevertheless, it had a positive effect
on the cropping system.

Challenges  associated  with  maize-legume
intercropping system

As previously stated, intercropping has
some advantages, for example, intercropping can be
cheaper for those living in marginal environmenment. It
may be practiced by those who cannot afford chemical
fertilizers, certified seeds, and other technologies to
enhance their crop productivity (MAPHUMO, 2011);
however, it also has some limitations when compared
to monocropping. Crop species must be chosen based
on their ability to offer complementary benefits to each
other. If crop species are not chosen wisely, only a
negative effect on crop mixture productivity may be
observed due to competition (SANTALLA etal.,2001).
Intercropping can become very challenging for farmers
by making it more difficult for farmers to manage
essential agronomic operations, especially when farm
mechanization is used or when the component crops
grown in intercropping have different fertilizer, water,
and plant protection requirements.

In southern Mexico, in recent years, the
system has been characterized by an increasing use
of pesticides and chemical inputs to deal with the
problems of pests and low crop yield of this system.
Other major challenges of the intercropping system
in southern Mexico are related to water stress,
which allow farmers to establish their cropping
system only once a year under rainfed conditions
(LITHOURGIDIS et al., 2011). Furthermore, little
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scientific information is available about the type
of legumes, seeding rate, and planting date; this
information is vital to help farmers reduce competition
between crops species (KARIAGA, 2004). Although,
Intercropping can be very challenging for farmers, it
is advisable to retain a maize-legume intercropping
system instead of a monocropping one; a maize-
legume intercropping system offers a better option for
minimizing farm expenses and maintaining similar
farm profits for both (YAP et al., 2017).

Furthermore, the southern farming sector
has issues related to hurricanes, which are frequently
the primary source of crop loss for farmers. The
majority of farmers conduct intercropping in rainfed
conditions, which means that the amount of rain that
falls each year is mostly determined by the amount of
rain that falls. These two characteristics are among
the region’s biggest concerns when it comes to maize-
legume intercropping. When natural disasters strike
southern Mexico, those who rely on that practice for
a living abandon it in favor of traveling to the nearest
towns and tourist destinations, such as Cancun and
Merida, to make a living. These issues must be
considered in current and future research on maize-
legume intercropping in southern Mexico.

CONCLUSION

Intercropping is considered as one of
the promising alternative increase sustainability of
farming systems compared to intensified monoculture
production. This practice has been widely used in
marginal environments where farm requires less
inputs to maximize productivity. When compared to
intensified monoculture production, intercropping is
considered as a promising alternative for increasing
the sustainability of farming systems. This practice
is often employed in marginal conditions where
maximizing production demands fewer inputs.

Intercropping is mostly practiced in
southern Mexico in low and marginal soil ecological
conditions. In this review, we discovered that the
region’s intercropping is characterized by a lack of
information about specific strategies that should
be used to avoid interspecific competitions among
crop species; additionally, little is known about
the choice of legume species, planting dates, and
spatial arrangements of cereal and legume crops
have created soil nutrients problems and competition
proliferating. As a result, the region’s productive
system faces a threat to its long-term viability.
Based on intercropping’s capacity to boost farm
income, this method can be employed in Mexico’s

southern region to maintain maize productivity while
simultaneously achieving sustainability or reducing
negative environmental impacts such as soil erosion
or chemical runoff.

Finally, due to the rising demand
for human labor, managing the intercropping
system is undoubtedly challenging. However,
given the multiple benefits as well as agricultural
sustainability, an intercropping system may be one
of the best options for smallholder farmers’ food
security. More research into the primary limitations
of this agricultural approach should be conducted in
southern Mexico. Future research should also focus
on evaluating new legume species, finding legume
species that are likely to adapt to the region’s soils
and climate, and determining the best plant features
and management circumstances.

ACKNOWLEDGEMENTS

This review was not funded by any institution. I
would like to thank the Consejo Nacional de Ciencia y Tecnologia
(CONACYT) for the PhD scholarship. We have no conflict
of interest to declare. All authors contributed equally for the
conception and writing of the manuscript.

DECLARATION OF
INTEREST

CONFLICT OF

The authors declare that there is no financial/personal
interest or belief that could affect their objectivity.

AUTHORS’ CONTRIBUTIONS

JEP, ER.S. and K.J. contributed equally to the
conception and writing of the manuscript. All authors contributed
to writing, gave feedback. All authors critically revised the
manuscript and approved the final version.

REFERENCES

ABERA, R., Worku, W. & Beyene, S. (2017). Performance
variation among improved common bean (Phaseolus Vulgaris L.)
genotypes under sole and intercropping with maize (Zea Mays
L.). African J. of Agric. Res. 12 (6): 397-405. doi: 10.5897/
AJAR2016.11794.

ADDO-QUAYE, A.A., Darkwa, A.A. & Ocloo, G.K. (2011).
Yield and productivity of component crops in a maize-soybean
intercropping system as affected by time of planting and spatial
arrangement. J. of Agric. and Biol. Sci., 6(9): 50-57.

AGEGNEHU, G., Ghizaw, A., Sinebo, W., 2006. Yield
performance and land-use efficiency of barley and faba bean mixed
cropping in Ethiopian highlands. Eur. J. Agron. 25 (3), 202-207.
doi: 10.1016/j.€ja.2006.05.002.

ALMEIDA-SANTOS, L. E., OBRADOR-OLAN, J. J., GARCIA-
LOPEZ, E., et al., (2019). Cultivation and incorporation of

Ciéncia Rural, v.52, n.11, 2022.



s B, I

cou,
" oo,

ot 5 P

.
Posy

»,

bl

L

Maize legume intercropping systems in southern Mexico: A review of benefits and challenges. 11

Crotalaria juncea L. in a sugarcane culture soil in the Chontalpa,
Tabasco, Mexico. Agroproductividad: Vol. 12, Num. 7, julio. pp:
87-93. Recibido: febrero, 2019. doi:10.32854/agrop.v0i0.1475.

ALVARADO R., J.e. 1994. Enfermedades del maiz (Zea mays
L.) asociado con frijol terciopelo (Stizolobium deeringianum
Bort) en terreno de ladera. en Vi//ajlores. Chis. (tesis profesional).
Villaflores, Chiapas: UNACh, 74 pp.

ALVAREZ-BUYLLA, R. E, CARREON, G. A, & SAN
VICENTE, T. A. (2011). Haciendo milpa. La proteccion de las
semillas y la agricultura campesina. Universidad Nacional de
Meéxico, México, D. F. pp. 95.

ARSYAD, M., Sabang, Y., Agus, N., Bulkis, S., & Kawamura,
Y. (2020). Intercropping Farming System and Farmers Income.
AGRIVITA Journal of Agricultural Science. 2020. 42(2): 360-
366; Malang Vol. 42, Ed. 2, (Jun 2020): 360-366. doi: 10.17503/
agrivita. v42i2.2724.

BANIK P, MIDYA A., SARKAR B. K., & GHOSH 8. S. (2006).
Wheat and chickpea intercropping systems in an additive series
experiment: advantages and weed smothering. Eur J Agron
24:325-332. doi: 10.1016/j.€ja.2005.10.010.

BAREJA, B. G. (2010). What Is and How Crops are Arranged
in Row Planting. Crops Review. Available from: <https//www.
cropsreview.com>. Accessed: Dec. 26, 2021.

BEDOUSSAC, L., JOURNET, E. P, HAUGGAARD-NIELSEN,
H., et al., (2015). Ecological principles underlying the increase
of productivity achieved by cereal-grain legume intercrops in
organic farming: a review. Agron Sustain Dev 35:911-935. doi:
10.1007/s13593-014-0277-7.

BIABANI, A., HASHEMI, M., HERBERT, S. J. (2012).
Agronomic performance of two intercropped soybean cultivars.
Int. J. Plant Prod. 2 (3), 215-222. doi: 10.22069/1JPP.2012.614.

BILALIS, D., PAPASTYLIANOU, P., KONSTANTAS, A.,
et al., (2010). Weed-suppressive effects of maize-legume
intercropping in organic farming. The International
Journal of Pest Management. 56:173-181. doi:
10.1080/09670870903304471.

BLANCO-CANQUI, H., SHAVER, T. M., LINDQUIST, J. L., et
al., (2015). Cover Crops and Ecosystem Services: Insights from
Studies in Temperate Soils. Agronomy & Horticulture — Faculty
Publications. 844. Available from: <http://digitalcom mons.unl.
edu/agronomyfacpub/844. doi:10.2134/agronj15.0086>.

CAAMAL-MALDONADO, J. A.; JIMENEZ-OSORNIO, J. J;
TORRES-BARRAGAN, A.; ANAYA, A. L. (2001). The Use of
Allelopathic Legume Cover and Mulch Species for Weed Control
in Cropping Systems. Agronomy Journal, 93(1), 27-. doi:
10.2134/agronj2001.93127x.

CARBAJAL, M. G. G, MAGANA M A. M., VILLAREAL, D.
Z. & GOMEZ, H. B. (2019). Diversidad agricola y seguridad
alimentaria nutricional en dos localidades Mayas de Yucatan. Acta
Universitaria, 29, ¢1996. Epub 01-Dic-2019. Accessed: Dec. 27,
2021. doi: 10.15174/au.2019.1996.

CASTILLO-CAAMAL, J. B., Caamal-Maldonado, J. A.,
Jiménez-Osornio, J. J. M., et al., (2010). Evaluacion de tres
leguminosas como coberturas asociadas con maiz en el tropico

subhumedo. Agronomia Mesoamericana, 21(1), 39-50.
Accessed: Dec. 20, 2021.

CEDRSSA (Centro de Estudios para el Desarrollo Rural Sustentable
y la Soberania Alimentaria). (2014). Reporte del CEDRSSA.
Consumo, distribucion y producciéon de alimentos: el caso del
complejo maiz-tortilla. LXII Legislatura, Camara de Diputados.
Meéxico, D. F. 15 p. Available from: <http://www.cedrssa.gob.
mx/files/b/13/40Reporte_maiz-tortilla_septiembre 2014.pdf>.
Accessed: Dec. 20, 2021.

CHIEZA, E. D., GUERRA, J. G. M., ARAUIJO, E. DA S,
ESPINDOLA, J. A., & FERNANDES, R. C. (2017). Produgio
e aspectos econdmicos de milho consorciado com Crotaldaria
juncea L. em diferentes intervalos de semeadura, sob manejo
organico. Revista Ceres, 64(2), 189-196. doi: 10.1590/0034-
737x201764020012.

CHOUDHARY, V. K. & CHOUDHURY, B. U. (2016). A staggered
maize-legume intercrop arrangement influences yield, weed
smothering and nutrient balance in the eastern Himalayan region
of India. Cambridge University Press. Expl Agric.: page 1 of 20
C.doi: 10.1017/S0014479716000144.

CHRISTINE, M., SAUER & NICOLE M., MASON & MYWISH
K., MAREDIA & MOFYA-MUKUKA R. (2018). Does adopting
legume-based cropping practices improve the food security of
small-scale farm households? Food Security. 10:1463-1478. doi:
10.1007/s12571-018-0859-3.

CRUSCIOL, C. A. C., MATEUS, G. P, NASCENTE, A. S.,
MARTINS, P. O., BORGHI, E., PARIZ, C. M. (2012). An
innovative crop—forage intercrop system: early cycle soybean
cultivars and palisadegrass. Agron. J. 104 (4), 1085-1095. doi:
10.2134/agronj2012.0002.

CRUSCIOL, C. A. C., NASCENTE, A.S., MATEUS, G. P,
BORGH]I, E., LELES, E. P,, SANTOS, N. D. (2013). Effect of
intercropping on yields of corn with different relative maturities
and palisadegrass. Agron. J. 105 (3), 599-606. doi: 10.3389/
fsufs.2020.544853.

DANSO, S. K. A., F. ZAPATA, G. HARDARSON, M. FRIED.
(1987). Nitrogen fixation in fababeans as affected by plant
population density in sole or intercropped systems with barley,
Soil Biology and Biochemistry, Volume 19, Issue 4, 411-415. doi:
10.1016/0038-0717(87)90031-9.

DE LA CRUZ, R. G., ESPINOSA R. G., RODRIGUEZ-
GUZMAN M. P, HERNANDEZ H. G., & PALMA-LOPEZ
D. J. (2006). Efecto de la rotacion con leguminosas sobre la
productividad del cultivo de pifia (4dnanas comosus [L.] Merr.)
y cultivos intercalados en Tabasco, México. Manejo Integrado
de Plagas y Agroecologia (Costa Rica) No. 77. doi: 10.3389/
fsufs.2020.544853.

DORDAS, C. A., VLACHOSTERGIOS, D. N., LITHOURGIDIS,
A. S. (2012). Growth dynamics and agronomic-economic benefits
of pea—oat and pea—barley intercrops. Crop Pasture Sci. 63 (1),
45-52. doi: 10.1071/CP11181.

DU, Q., Zhou, L., Chen, P, et al., (2020). Relay-intercropping
soybean with maize maintains soil fertility and increases nitrogen
recovery efficiency by reducing nitrogen input, The Crop Journal,
8 (1) 140-152. doi:10.1016/j.¢j.2019.06.010.

Ciéncia Rural, v.52, n.11, 2022.



s B, I

cou,
" oo,

T e
ooy’

»,

ooy

Maize legume intercropping systems in southern Mexico: A review of benefits and challenges. 12

EBEL, R. (2018). Effects of Slash-and-Burn-Farming and a Fire-
Free Management on a Cambisol in a Traditional Maya Farming
System. CIENCIA ergo-sum, [S.1.], v.25, n.2, Jun. Accessed: Dec.
26, 2021. doi: 10.30878/ces.v25n2a5.

EBEL, R., Pozas CARDENAS, J. G., SORIA MIRANDA,
F., & CRUZ GONZALEZ, J. (2017). Manejo organico de la
milpa: rendimiento de maiz, frijol y calabaza en monocultivo y
policultivo. Terra Latinoamericana, 35(2), 149-160. Accessed:
Dec. 26, 2021.

ESKANDARI, H & KAZEMI, K. (2011). Weed control in maize-
cowpea intercropping system related to environmental resources
consumption. Notulae Scientia Biologicae, 3: 57-60. doi:
10.15835/nsb.3.1.5609.

EVERSON, C. S., ANDERSSON, C., EVERSON, T. M., &
GHEHEZI, S. (2007). “Growth and Water Use of a Jatropha/
Kikuyu Silvopastoral System for the Production of Biofuel
and Fodder.” Proc. International Committee on Irrigation and
Drainage (ICID), 2nd African Regional Conference, November
6 Johannesburg, South Africa. (Vicia faba L.). Biol. Fertil. Soils.,
43, 565-574. doi: 10.4314/wsa. v37i5.15.

FALEYIMU, O. 1., & AKINYEMI, O. (2010). The role of trees
in soil and nutrient conservation. African Journal of General
Agriculture 6 (2): 77-82. Accessed: Dec. 26, 2021.

FAN, F. L., ZHANG, F. S., SONG, Y. N., et al., (2006). Nitrogen
fixation od fabba (Vicia faba L.), interacting with a non-legume in
two contrasting intercropping systems. Plant Soil. 283, 275-286.
Accessed: 26, 2021. doi: 10.1007/s11104-006-0019-y.

FAO (Food and Agriculture Organization of the United Nations).
(2011). Second global plan of action for the conservation and
sustainable utilization of plant genetic resources for food
and agriculture, 96 p. Available from: <http://www.fao.org/do-
crep/015/i2624¢/i2624¢00.htm>. Accessed: Dec. 26, 2021.

FERNANDEZ, G. Y. M. (1990). Siembra. En: V.C. Lifian, (ed.).
Vademecum del maiz. Semillas Pacifico, Sevilla, Espafia. p.57-
128. doi: 10.15517/am.v27i1.21899.

FERNANDEZ, S. R.; Morales, Ch. L. & Galvez, M. A. (2013).
Importancia de los maices nativos de México en la dieta nacional.
Una revision indispensable. Rev. Fitotec. Mex. 36(3-A):275-283.
Accessed: Dec. 27, 2021.

FLORES-SANCHEZ D., PASTOR, A., LANTINGA, E. A, et
al. (2013). Exploring Maize-Legume Intercropping Systems in
Southwest Mexico, Agroecology and Sustainable Food Systems,
37:7,739-761, doi: 10.1080/21683565.2013.763888.

FRANCIS, C. A. (1986). Multiple cropping systems (No. 632.58/
F814). Macmillan,New York. doi: 10.1080/21683565.2013.763888.

GAO Y., DUAN A. QIU X., et al. (2010) Distribution and
use efficiency of photosynthetically active radiation in strip
intercropping of maize and soybean. Agron J, 102:1149-1157.
Accessed on dec. 27 2021 doi: 10.2134/agronj2009.0409.

GARCIA, A. R. & Gil, A. M. (2013). Profitability analysis of
Jatropha curcas in intercrops and monocrop in unused agricultural
lands in Yucatan. Revista Mexicana de Agronegocios, 33.
Accessed on dec. 27 2021. doi: 10.22004/ag.econ.155132.

GHAFFARZADEH, M. (1999). Strip Intercropping. Ames,
Towa: Iowa State University, University Extension. Available
from: <http://paynecountymastergardeners.org/resources/
Monthly-Mtg-Resources/StripIntercroppingISU.pdf>.
Accessed: Dec. 27, 2021.

GLIESSMAN, STEPHEN R. 2007. Agroecology: the ecology of
sustainable food systems. Rev. ed. of: Agroecology: ecological
processes in sustainable agriculture. CRC Press, Taylor &
Francis Group, Boca Raton, FL 33487-2742. ISBN 0-8493-2845-4.

GRAIN, S. A. (2015). Introduction to Conservation Agriculture.
Pretoria, South Africa: Grain SA Conservation Farmer Innovation
Programme. Accessed: Dec. 25, 2021.

GUEVARA H.,, F., et al. (2000).” La sustentabilidad de sistemas
maiz-mucuna en el sureste de México: Primer ciclo de evaluacion”.
En: sustentabilldad y sistemas campesinos en el Mexico rural.
IS8N 968-7462-24-8, México, pp. 32-37.

HTET, M. N. S., SOOMRO, R. N. & Bo, H. (2017). Effects of
different planting pattern of maize (Zea mays L.) and soybean
(Glycine max (L.) Merrill) intercropping in resource consumption
on fodder yield, and silage quality. American Journal of Plant
Sciences, 8: 666-679. Accessed: Dec. 25, 2021. doi: 10.4236/
ajps.2017.84046

HUGAR, H. Y. & PALLED, Y. B. (2008). Effect of intercropping
vegetables on maize associated with weeds in maize-vegetable
intercropping systems. Karnakata. J. Agric. Sci. 21(2): 159-161.

HUTCHINSON, C. M. & MCGIFFEN, M. E. (2000). Cowpea
cover crop mulch for weed control in desert pepper production.
HortScience, 35:196-198. IGC. (2018). International Grains
Council Market Report. Available from:<http://www.igc.int/
downloads/gmrsummary/gmrsumme.pdf. Accessed Oct. 26, 2020.
doi: 10.21273/HORTSCI.35.2.196.

JAMSHIDI K., YOUSEFI, A. R. & OVEISI, M. (2013).
Effect of cowpea (Vigna unguiculata) intercropping on weed
biomass and maize (Zea mays L.) yield, New Zealand Journal
of Crop and Horticultural Science, 41:4, 180-188, doi:
10.1080/01140671.2013.807853.

JENSEN, E. S., Carlsson, G. & HAUGGAARD-NIELSEN, H.
(2020). Intercropping of grain legumes and cereals improves the
use of soil N resources and reduces the requirement for synthetic
fertilizer N: A global-scale analysis. Agron. Sustain. Dev. 40, 5.
doi: 10.1007/s13593-020-0607-x.

JIMENCZ M., E. (1996). Sis/elllas de asociacién maiz (Zea mays
L.) Kllc/ZG (Pueraria phaseoloides Roxb) y lllaiz-dolicllOS
(Dolic/jos lablab L.) y su efecto en la entolllofauna en Vitloflores,
Chis. (Tesis profesional). VillaOores, Chiapas: UNACh, 53 pp.

KARIAGA B. M. (2004). Intercropping maize with cowpeas and
beans for soil and water management in Western Kenya. In: Proc. of
the 13th International Soil Conservation Organization Conference,
July 4-9. Brisbane: Conserving Soil and Water for Society; 2004.
pp. 1-5. Accessed: Oct. 26, 2021. doi: 2010.135.145.

KHAN, M. A, K. Ali, Z. HUSSAIN, & R. A. AFRIDI. (2012).
“Impact of Maize-Legume Intercropping on Weeds and Maize
Crop.” Pakistan Journal of Weed Science Research, 18 (1):
127-136.

Ciéncia Rural, v.52, n.11, 2022.


http://paynecountymastergardeners.org/resources/Monthly-Mtg-Resources/StripIntercroppingISU.pdf
http://paynecountymastergardeners.org/resources/Monthly-Mtg-Resources/StripIntercroppingISU.pdf

s B, I

cou,
" oo,

ot 5 P

.
Posy

»,

ooy

Maize legume intercropping systems in southern Mexico: A review of benefits and challenges. 13

KINAMA M. J, & Pierre H. M. J. (2018). A review on advantage
of cereals-legumes intercropping system: Case of promiscuous
soybeans varieties and maize. International Journal of
Agronomy and Agricultural Research. 12(6):155-165. Available
from: <https://www.innspub.net/wp-content/uploads/2018/08/
IJAAR-VoI-12-No-6-p-155-165.pdf>. Accessed: Oct. 26, 2021

KUNZ, C., D. J. STURM, M. SOKEFELD, & R. GERHARDS.
(2016). Weed suppression and early sugar beet development
under different cover crop mulches. Plant Prot. Sci. 52:183-193.
Accessed: Oct. 26, 2021. doi: 10.17221/109/2016-PPS.

LARA-PONCE E., CASO-BARRERA L. & ALIPHAT-
FERNANDEZ M. (2012). El sistema milpa roza, tumba y quema
de los mayas Itza de San Andrés y San José, Petén Guatemala. Ra
Ximhai, 8(2): 71- 92. Available from: <https://www.redalyc.org/
articulo.0a?id=46123333007DB Redalyc>. Accessed: Oct. 26,2021.

LI, L., TILMAN, D., LAMBERS, H., ZHANG, F.S. (2014). Plant
diversity and overyielding: insights from belowground facilitation
of intercropping in agriculture. New Phytol. 203, 63-69. doi:
10.1111/nph.12778.

LL Y.; RAN, W.; ZHANG, R.; et al., (2009). Facilitated legume
nodulation, phosphate uptake and nitrogen transfer by arbuscular
inoculation in an upland rice and mung bean intercropping system.
Plant Soil., 315, 285-296. doi: 10.1007/s11104-008-9751-9.

LICHTFOUSE E., NAVARRETE M., DEBAEKE P, et al., (2009).
Agronomy for sustainable agriculture. A review. In: Lichtfouse E.
et al., Sustainable Agriculture, v.1, Springer, EDP Sciences, In
press. doi: 10.1007/978-90-481-2666-8 1.

LITHOURGIDIS A. S, VLACHOSTERGIOS D. N, DORDAS C.
A, DAMALAS C. A. (2011). Dry matter yield, nitrogen content,
and competition in pea—cereal intercropping systems. Eur J
Agron, 34:287-294.

LULIE, B. (2017). “Intercropping Practice as an Alternative
Pathway for Sustainable Agriculture: A Review.” Academic
Research Journal of Agricultural Science and Research, 5 (6):
440-452. doi: 10.14662/ARJASR2017.057.

MAHALLATI, M. N., KOOCHEKI, A., MONDANI, F, et al.,
(2015). Determination of optimal strip width in strip intercropping
of maize (Zea mays L.) and bean (Phaseolus vulgaris L.) in
Northeast Iran. J. Clean. Prod. 106, 343-350. doi: 10.1016/j.
jelepro.2014.10.099.

MAITRA S, PALAIL J. B, MANASA P, & KUMAR D. P. (2019).
Potential of intercropping system in sustaining crop productivity.
International Journal of Agriculture, Environment and
Biotechnology.12(1):39-45. doi: 10.30954/0974-1712.03.2019.7.

MAPHUMO, P. (2011). Comparative Analysis of the Current and
Potential Role of Legumes in Integrated Soil Fertility Management
in southern Africa. In: A. Bationo et al. (eds.), Fighting Poverty in
Sub-Saharan Africa: The Multiple Roles of Legumes in Integrated
Soil Fertility Management, © Springer Science+Business Media B.
V., pp 175-200. doi: 10.1007/978-94-007-1536-3_8.

MARGARITA F. & ERNESTO-MENDEZ V. (2019). Subsistence
under the canopy: Agrobiodiversity’s contributions to food and
nutrition security amongst coffee communities in Chiapas, Mexico,
Agroecology and Sustainable Food Systems, 43:5, 579-601. doi:
10.1080/21683565.2018.1530326.

MARTINEZ-AGUILAR F. B.; F. GUEVARA-HERNANDEZ; L.
etal., (2020). Caracterizacion de productores de maiz e indicadores
de sustentabilidad en Chiapas. Revista mexicana de ciencias
agricolas, ISSN 2007-0934, v.11, n.5, 2020, p.1031-1042.

MCERLICH A. F, & BOYDSTON R. A. (2014). Current state of
weed management in organic and conventional cropping systems. In
Automation: the future of weed control in cropping systems, (pp.11-
32). Springer, Dordrecht. Available from: <https://digitalcommons.
unl.edu/cgi/viewcontent.cgi?article=2392&context=usdaarsfacpub>.
Accessed: Oct. 26, 2021.

MOBASSER, H. R.; VAZIRIMEHR, M. R.; KHASHAYAR,
R. K. (2014). Effect of intercropping on resources use, weed
management and forage quality. Int. J. Plant Ani. Environ. Sci.,
4, 706-713. Available from: <https://www.cabdirect.org/cabdirect/
abstract/20143220350>. Accessed: Oct. 26, 2021.

MUNOZ, L. (2018). Asociacion de cultivo en el Huerto.
Available from: <https://www.agrohuerto.com/asociacion-de-
cultivos-compatibilidad-entre-plantas>. Accessed: Oct. 08, 2020.

NAHER, Q., KARIM, S., & BEGUM, M. (2019). Performance of
Legumes on Weed Suppression with Hybrid Maize Intercropping.
Bangladesh Agronomy Journal, 21(2), 33-44. doi: 10.3329/baj.
v21i2.44490.

NGWIRA AR, AUNE J. B, & MKWINDA S. (2012). On-farm
evaluation of yield and economic benefit of short-term maize
legume intercropping systems under conservation agriculture
in Malawi. Field Crop Res. 132:149-57. doi: 10.1016/j.
fcr.2011.12.014.

NICHOLLS, C. I, M. A. ALTIERI, & L. VAZQUEZ. (2016).
“Agroecology: Principles for the Conversion and Redesign of
Farming Systems.” Journal of Ecosystem Ecography, S5 (010).
doi: 10.4172/2157-7625.S5-010.

NYASASI BT, Kisetu E. (2014). Determination of land productivity
under maize-cowpea intercropping system in agroecological zone
of mount Uluguru in Morogoro, Tanzania. Global Journal of
Agriculture Science. 2(2):147-157. <https://citeseerx.ist.psu.edu/
viewdoc/download?doi=10.1.1.677.536&rep=rep1&type=pdf>.
Accessed: Oct. 26, 2021.

OLUJOBI OJ, Oyun MB, & Oke DO. (2013). Nitrogen
accumulation, growth, and yield of maize in pigeon pea/
maize intercrop. Global Journal of Biology, Agriculture and
Health Sciences. 2(1):42-48. Available from: <https://www.
walshmedicalmedia.com/abstract/nitrogen-accumulation-growth-
and-yield-of-maize-in-pigeon-peamaize-intercrop-1682.html>.
Accessed: Dec. 26, 2021.

OWUSU A, & SADICK A. (2016). Assessment of soil nutrients
under maize intercropping system involving soybean. International
Research Journal of Agricultural and Food Sciences. 1(3):33-
43. Available from: <https://www.semanticscholar.org/paper/
Assessment-of-Soil-Nutrients-under-Maize-System-Owusu-Sad
ick/050187f6fc3ec91bd270fe85cbc82e118187dbba>.  Accessed:
Oct. 26, 2021.

PAIVA, H. L., MARAFON A. C., BIERHALS, A. N., MEHL,
H. U. (2014). Adubagdo Verde com Espécies Leguminosas nas
Entrelinhas de Coqueiros Cultivados na regido dos Tabuleiros
Costeiros de Alagoas. IV Seminario de Iniciagao Cientifi ca e Pos-
Graduagdo da Embrapa Tabuleiros Costeiros. Artigo em anais de

Ciéncia Rural, v.52, n.11, 2022.



s B, I

cou,
" oo,

ot 5 P

.
Posy

»,

ooy

Maize legume intercropping systems in southern Mexico: A review of benefits and challenges. 14

congresso (ALICE) 2014-11-04. Available from: <http://www.
alice.cnptia.embrapa.br/alice/handle/doc/999192>. Accessed: Oct.
26, 2021.

PATEL, V.J.,P.N. UPADHYAY, J. B. PATEL & M.I. MEISURIYA.
(2006). Effect of herbicide mixture on weeds in kharif maize (Zea
mays L.) under middle Gujarat conditions. Indian J. Weed Sci.
38(1&2): 54-57. doi: 10.12691/wjar-2-6A-5.

PELZER, E., BAZOT, M., MAKOWSIKI, D., et al. (2012). Pea-wheat
intercrops in low input conditions combine high economic performances
andlow environmental inpacts. Eur. J. agron. 40, 39-53.

PUNYALUE, A., JAMJOD, S., & RERKASEM, B. (2018).
Intercropping maize with legumes for sustainable highland
maize production. Mountain Research and Development.
38: In press. Available from: <https://bioone.org/journals/
mountain-research-and-development/volume-38/issue-1/MRD-
JOURNAL-D-17-00048.1/Intercropping-Maize-With-Legumes-
for-Sustainable-Highland-Maize-Production/10.1659/MRD-
JOURNAL-D-17-00048.1.full>. Accessed: Oct. 26, 2021. doi:
10.1659/MRD-JOURNAL-D-17-00048.1

PUTNAM, D. H., HERBERT, S. J.,, VARGAS, A. (1985).
Intercropped ~ corn-soyabean  density  studies I.  Yield
complementarity. Exp. Agric. 21, 41-51. doi: 10.1659/MRD-
JOURNAL-D-17-00048.1.

PUTNAM, D. H., Herbert, S. J., Vargas, A. (1986). Intercropped
corn-soyabean density studies. II. Yield composition and protein.
Exp. Agric. 22 (4), 373-381.

RAM K., MEENA R. S. (2014). Evaluation of pearl millet and
mungbean intercropping systems in Arid Region of Rajasthan
(India). Bangladesh J Bot, 43(3):367-370. Available from:
<https://www.bdbotsociety.org/public/article/2014%20
December/S-4.pdf>. Accessed: Dec. 27, 2021.

RAZA, M. A,, KHALID, M. H. B., ZHANG, X.,., et al. (2019).
Effect of planting patterns on yield, nutrient accumulation and
distribution in maize and soybean under relay intercropping
systems. Scientific Reports. 9:4947. doi: 10.1038/s41598-019-
41364-1.

REDDY, P. P. (2016). Cover/Green Manure Crops. In: Sustainable
Intensification of Crop Production, Springer, Singapore, 55-67.
doi: 10.1007/978-981-10-2702-4_4.

REYES S., O. E.,, PRAGER MOSQUERA, M., & BELTRAN
ACEVEDO, L. R. (2013). Aporte de Nitrogeno al suelo por
Mucuna pruriens y su efecto sobre el rendimiento de maiz dulce
(Zea mays L.). Revista De Investigacion Agraria Y Ambiental,
4(2), 149-155. doi: 10.22490/21456453.978.

RUIZ-GONZALEZ, R. O., & VICTORINO-RAMIREZ, L. (2015).
Respuesta del policultivo Jamaica-frijol-maiz a tratamientos de
fertilizacion en Villaflores, Chiapas, México. Agrociencia, 49(5),
545-557. Available from: <http://www.scielo.org.mx/scielo.
php?script=sci_arttext&pid=S1405-31952015000500006&Ing=es
&nrm=iso>. Accessed: Dec. 28 2021.

SANTALLA, M.; RODINO, A.; CASQUERO, P.; DE RON, A.
M. (2001). Interactions of bush bean intercropped with field and
sweet maize. Eur. J. Agron. 15, 185-196. doi: 10.1016/S1161-
0301(01)00104-6.

SARE/CTIC. (2017). Cover crop survey 2015-2016. Sustainable
Agric. Res. Ext., Conserv. Technol. Inf. Ctr.

SAUDY, H. (2015). Maize—cowpea intercropping as an ecological
approach for nitrogen-use rationalization and weed suppression,
Archives of Agronomy and Soil Science, 61:1, 1-14, doi:
10.1080/03650340.2014.920499.

SHARMA, N. K. RAMAN JEET SINGH D. MANDAL,
AMBRISH KUMAR, N. M. ALAM, SASKIA KEESSTRA.
(2017). Increasing farmer’s income and reducing soil erosion using
intercropping in rainfed maize-wheat rotation of Himalaya, India.
Agriculture, Ecosystems & Environment Volume, 247, Pages
43-53. doi: 10.1016/j.agee.2017.06.026.

SHIVAY, Y. S., R.P. SINGH AND P. MADAN. (2001). Productivity
and economics of maize as influenced by intercropping with
legumes and nitrogen levels. Annals of Agricultural Research
Series., 22(4): 576-582.

SIAP (Servicio de Informacion Agroalimentaria y Pesquera).
(2015). Cierre de la produccion agricola por cultivo. Available
from: <https://www.gob.mx/siap/acciones-y-programas/
produccion-agricola-33119>. Accessed: Oct. 18, 2020).

Song, Y. N., ZHANG, F. S., MARSCHNER, P. et al. (2007). Effect
of intercropping on crop yield and chemical and microbiological
properties in rhizosphere of wheat (7riticum aestivum L.), maize
(Zea mays L.), and faba bean (Vicia faba L.). Biol Fertil Soils, 43,
565-574. doi: 10.1007/s00374-006-0139-9.

SOUZA, R. T; Valaddo A. F. C; Junior D. D. V; etal. (2019). Maize-
crotalaria intercropping systems. Semina: Ciéncias Agrarias,
Londrina, v.40, n.4, p.1455-1468. doi: 10.5433/1679-0359.2019v4
On4p1455.

SU, B. Y., CUI, L., YONG, T. W,, et al. (2014). Growth and
photosynthetic responses of soybean seedlings to maize shading in
relay intercropping system in Southwest China. Photosynthetica,
52 (3), 332-340. doi: 10.1007/s11099-014-0036-7.

TERAN S. & C. RASMUSSEN. (1994). La milpa de los mayas:
la agricultura de los mayas prehispanicos y actuales en el noreste
de Yucatan. Universidad nacional Auténoma de México. Centro
Peninsular en Humanidades y ciencias Sociales, Mérida, Yucatan,
Meéxico. p.349.

TURRENT, F. A.; WISE, T. A & GARVEY, E. (2012). Factibilidad
de alcanzar el potencial productivo de maiz en México. Mexican
Rural Development Research Report, No. 24. Woodrow Wilson
International Center for Scholars. 1-36 p.

URIBE-VALLE, G., & PETIT-ALDANA, J. (2007). Contribucién
de los barbechos cortos en la recuperacion de la fertilidad del suelo
en milpas del estado de Yucatan, México. Revista CHAPINGO.
Serie Ciencias Forestales y del Ambiente [en linea]. 13(2),
137-142. Available from: <http://www.scielo.org.mx/scielo.
php?script=sci_arttext&pid=S2007-40182007000200137&Ing=pt
&nrm=iso>. Accessed: Dec. 28, 2021.

VAZQUEZ H., J. L. (1995). Entomofauna presente en los
sistemas de asociacion maiz (Zea mays L.)-Stizolobium
deeringianum Bort) y maiz- Canavalia ensifornus L. en terreno
intermedio en Villaflores, Chiapas, México (tesis profesional).
Villaflores, Chiapas: UNACH, 77 pp.

Ciéncia Rural, v.52, n.11, 2022.



s B, I

cou,
" oo,

s ——
¢'¢“';""n,

Maize legume intercropping systems in southern Mexico: A review of benefits and challenges. 15

VELEZ, V. L. D, CLAVIJO, P. J, LIGARRETO, & M. G. A. (2007).
Andlisis ecofisiologico del cultivo asociado maiz (Zea mays L.) -
frijol voluble (Phaselus vulgaris L.). Revista Facultad Nacional
de Agronomia, 60(2): 3965-3984. Available from: <https://www.
redalyc.org/articulo.0a?id=179914078008>. Accessed: Dec. 28, 2021.

VENEGAS, F. & JAIRO, J. (2019). Comportamiento de hibridos de
maiz (Zea mays L.) como sistema asociado en el cultivo de cacao
(Theobroma cacao L.) en la Parroquia Lodana. Jipijapa. UNESUM.
Facultad de Ciencias Naturales y de la Agricultura. 84pg.

WANG et al., (2014). Intercropping enhances productivity and
maintains the most soil fertility properties relative to sole cropping,
PLoS ONE, 9, p. e113984. doi: 10.1371/journal.pone.0113984.

WITTWER, R. A., B. DORN, W. JOSSI, & M. G. A. VAN
DER HEIJDEN. (2017). “Cover Crops Support Ecological
Intensification of Arable Cropping Systems.” Scientific Reports,
7:41911. doi: 10.1038/srep41911.

YAMANE, K., A. IKOMA, & M. IIJIMA. (2016). “Performance
of Double Cropping and Relay Intercropping for Black Soybean
Production in Small-Scale Farms.” Plant Production Science, 19
(4): 449-457. doi: 10.1080/1343943X.2016.1164574.

YANG, Bin; Meng, Xianjing; Singh, Ashutosh Kumar; Wang,
Pingyuan; Song, Liang; Zakari, Sissou; Liu, Wenjie. (2020).

Intercrops improve surface water availability in rubber-based
agroforestry systems. Agriculture, Ecosystems & Environment,
298, 106937—. doi: 10.1016/j.agee.2020.106937.

YAP, V. Y., DE NEERGAARD, A., & BRUUN, T. B. (2017). ‘To
adopt or not to adopt?’ legume adoption in maize-based systems of
northern Thailand: Constraints and potentials. Land Degradation
& Development, 28(2), 731-741. doi: 10.1002/1dr.2546.

ZHANG G, YANG Z, DONG S. (2011). Interspecific
competitiveness affects the total biomass yield in an alfalfa and
corn intercropping system. Field Crop Res, 124:66-73. doi:
10.1016/j.fcr.2011.06.006.

ZHANG, F.; Shen, J.; Li, L.; Liu, X. (2004). An overview of
rhizosphere processes related with plant nutrition in major cropping
systems in China. Plant Soil., 260, 89-99. Available from: <http://
www.jstor.org/stable/24129012>. Accessed: Dec. 28, 2021.

ZHI, C., SHUOSHI, M., GUISHENG, F., YONGLAI, Z. (2007).
Effect of wind erosion resistance of soil for wheat and potato strip
intercropping farmland. Trans. Chin. Soc. Agric. Eng. 23(3), 51-
54. doi: 10.3390/w11010098.

ZIZUMBO V. (1986). “El manejo de alta diversidad en plantas
cultivadas: Estrategia Central de la Agricultura Mesoamericana”.
Boletin de la Escuela de Ciencias Antropolégicas de la
Universidad Auténoma de Yucatin. 81:3-15.

Ciéncia Rural, v.52, n.11, 2022.



	_Hlk82633906
	_Hlk81933252
	_Hlk81933272
	_Hlk81933291
	_Hlk81933313
	_Hlk91393426
	_Hlk81823042
	_Hlk84019535
	_Hlk91444350
	_Hlk91445136
	_Hlk91446547
	_Hlk91446955
	_Hlk91476143
	_Hlk91476257
	_Hlk91539718

