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ABSTRACT

Crop rotation, a universal management practice with yield benefits that have been
recognized and exploited for centuries, is the practice of growing a series of different
crop types in the same area in sequential seasons. China has a long agricultural history,
and rotation cropping systems have been practiced for millennia. Because of the large
differences in climate and soil types, cropping systems from different regions in China
are highly diverse. The research on the effects of legume-cereal crop rotation on crop
yields has been conducted for many years. The current literatures indicate that the
soybean-corn crop rotation increases grain yields and is a kind of cropping system for
sustainable agriculture. Understanding changes in soil physical, chemical and biological
properties is important in explaining the mechanisms involved in the direct and indirect
effect of crop rotation on grain yields as well as the benefit to the environment. This
chapter collates and synthesizes the available literature on different legume-cereal crop
rotation studies conducted in diverse agroecological regions of China. Sustainable
production and effective adoption of legume-cereal crop rotations on a site-specific basis
involve many factors, including crop structure, variety selection, conservation tillage and
integrated pest and weed management practices, and thus require a multi-disciplinary and
multi-sectoral cooperation. Therefore, the introduction and adoption of any cropping
systems and new technologies must be tested under site-specific conditions and gradually
extended from demonstration plots to other regions.
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1. INTRODUCTION

Crop rotation is the practice of growing a sequence of different crop species on the same
land (Yates, 1954; Shen and Liu, 1983). This is in contrast to intercropping, which is the
practice of growing two or more crops simultaneously on the same land (Stinner and Blair,
1990), or continuous monoculture, which is the practice of growing a single species
repeatedly on the same land (Power, 1990). Crop rotations have been repeatedly shown to be
effective methods of minimizing soil erosion, improving water use efficiency, and
maintaining high yields (Zhu et al., 1994; Li et al., 2000). In this chapter, emphasis is placed
on main types of crop rotation in China, especially for legume-cereal crop rotations. Crop
rotation may include two or more crops in sequence over several growing seasons. A two-
crop rotation, such as corn (Zea mays) and soybean (Glycine max) or corn and alfalfa
(Medicago sativa) in alternate years, uses the legume to provide complementary inorganic
nitrogen in the soil for the succeeding crops. For a long time, legumes have been known as
the “soil building crops” because the biological, physical, and chemical properties of the soil
are significantly improved when legumes are grown on it. It therefore makes good sense
agriculturally to alternate them with cereals and other crops that require large amounts of N.
Figure 1 illustrates some typical crop rotation practices including legumes in China.
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Figure 1. (Continued).
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Figure 1. Examples of crop rotation in China: (A) a corn-soybean-wheat rotation in Northeastern China;
(B) a legume-cereal rotation in North China Plain; (C) a green manure with recycled straws for paddy
rice in Southern China.

China has a long agricultural history; the practice of crop rotation can be dated back to
antiquity, as early as the West Han Dynasty, more than 2000 years ago (206 B.C. to year 24
A.D.) when implementing fallow rotation (Han, 2000). The alternate crop-fallow cultivation
method was reflected in Jia Sixie's Qi Min Yao Shu narration (Cao and Xian, 1985). The book
also described a method of growing green manure in a crop production system as the way of
raising soil fertility. It was observed that the effect of green manure can be the same as the
silkworm feces and overrotten dung. Green manure crops such as mung bean (Vigna radiata)
and red bean (Vigna angularis) have been widely used to rotate with millet for grain and
vegetable production. On the basis of this thought, a dry farming system in northern China
was formed and considered a relatively mature green manure crop rotation in Wei (220-265
A.D.), Jin (265-420 A.D.) and Northern and Southern Dynasties (420-589 A.D.). Green
manure-rice rotation cropping was one of the more ancient grass field rotation patterns in
China. Green manure has long been planted on major production areas of paddy rice (Zhu et
al., 2012).

Crop rotation, an important cropping practice, has been considered as an effective
approach to increase yield and profit and allow for sustainable production (Mitchell et al.,
1991). Positive rotation effects on crop yields have been reported by many scientists for years
(Bullock, 1992; Carsky et al., 1997; Fan et al., 2012; Kelley et al., 2003; Yusuf et al., 2009).
This beneficial effect, in the legume-cereal rotation system, has been attributed to the
availability of extra nitrogen (N) through biological nitrogen fixation and other rotation
effects (Sanginga et al., 2002). Legume-cereal rotation improves the nutrients in soil.
Legumes, for instance, have nodules on their roots which contain nitrogen-fixing bacteria
called rhizobia (Danga et al., 2009). Grain legumes grown in rotation with annual cereal crops
contribute to the total pool of nitrogen in the soil and improve the yields of cereals.

Crop rotation systems make full use of soil resources such as nutrients, water and
biodiversity through inter-annual rotation of different crops based on their heterogeneous
compensation and thus promote crop production and land use efficiency (Bullock, 1992). For
example, farmers can use some forms of crop rotation to keep their fields under continuous
production, instead of letting them fallow and reducing the need for chemical fertilizers. In
addition, a general effect of crop rotation is that there is a geographic mixing of crops, which
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can slow down the spread of pests and diseases during growing season (Kutcher et al., 2011;
Larkin, 2008; Satti, 2012). The different crops can also reduce the effects of adverse weather
for the individual farmers, and a proper allocation of resources for planting and harvesting at
different times allows more land to be farmed with the same amount of machinery and labor.
There has been no obvious scientific basis for the sometimes 10%-25% yield increase in a
crop grown in rotation, compared to monoculture of the same crop, as grain legumes such as
soybean would need more nitrogen for grain filling than the amounts of nitrogen the plants
actually fix through symbiotic N fixation during the growing season. The factors related to
the increase are simply described as alleviation of the negative stressors in a monoculture
cropping system. Explanations, due to improved nutrition; pest, pathogen, and weed stress
reduction; and improved soil structure, have been found in some case studies, but direct
cause-effect relationship has not been determined for the majority of cropping systems. Other
benefits of rotation cropping systems include production cost advantages. Overall financial
risks are more widely distributed over more diverse production of crops and/or livestock. Less
reliance is placed on purchased inputs and over time crops can maintain production goals with
fewer inputs. This in tandem with greater short and long term yields make rotation a powerful
tool for improving agricultural systems.

The application of synthetic nitrogen fertilizers and pesticides, changes of crop rotation in
China occurred rapidly over the past decades. Monoculture became popular when it appeared
that chemical fertilizers and pesticides could be used as a substitute for rotation after the mid-
to late-1980s (Liu et al., 2013). However, more and more input of fertilizers for crop yield
improvement also brought a series of environmental problems, including air pollution,
degraded water quality and increased greenhouse gas emissions (Duan et al., 2011; Liu et al.,
2011). As a result, crop rotation becomes a new favorable practice in the farming systems
again, especially, legume-cereal rotation system in China. Large differences in climate,
geography, soil types as well as farming systems result in a wide variety of cropping systems
including single, double and triple crops in one year (Figure 2). There are also diverse crop
rotation patterns among various regions of China (Figure 3), such as the northeast plain of
China, the North China Plain and the Loess Plateau of northern China (Zhang et al., 2014).

The northeast black soil region of China is an important grain production area. Single
cropping system (one crop per year) is practiced only in the Northeast and some parts of the
Northwest China. In the northeast plain of China, soybean and corn are the main grain crops.
About one half of China’s corn production and a third of soybean production occur on the
highly productive “Black Soil” (Mollisol) zone in the northeastern provinces of Heilongjiang,
Jilin, and Liaoning provinces and the Inner Mongolian autonomous region (Liu et al., 2013).
In recent years, diverse crop rotations with conservation tillage have gained renewed interest
in the semiarid farming systems, especially in the Mongolian autonomous region, likely due
to an increased net income (Table 1).

As one of the most primary agricultural regions in China, the North China Plain plays an
important role in securing the supply of grain. Crop production in this region accounted for
35.3% and 69.2% of China’s total corn and winter wheat production, respectively, from 1996
to 2007 (Duan et al., 2011). Multiple cropping systems, such as double cropping (two crops
per year) are dominant systems in this area of China. A wide range of crop rotation systems,
such as soybean-corn, soybean-wheat, peanut-wheat, has been practiced over the past years
(Yang et al., 2015).
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Figure 2. Main patterns of legume-cereal rotation cropping in three regions of China: (1) a 3-year corn-
soybean-wheat rotation in Northeastern China; (2) a corn-wheat-soybean rotation on a 2-year cycle or
peanut-wheat double cropping system in North China Plain; (3) milk vetch-rice-rice in the one-year
crop rotation system in Southern China. The forward slash of the figure represented crop stubbles.
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Figure 3. Distribution of multiple cropping systems and agro-ecological systems in China. Adapted
from Liu et al. (2013).



Table 1. Comparison of yield, output values and net returns among different rotation patterns from a long-term field study
(2004-2014) conducted in Wuchuan, Inner Mongolia, China. Results are the average of 2013 and 2014

Croppin Yield |Yield increase | Price | Output value Net income
Systsra ’ Crop kg/ha | % $/kg Shs Input cost ($/ha) $/ha
Seeds | Fertilizer | Tillage/ harrowing Labour
management
Oilseed rape - Potato Oilseed rape 1638 |20.8 0.81 |1317 7.2 |192.6 264.8 216.7 768
Potato 16752 (20.4 0.21 | 3622 987.0|192.6 300.9 818.5 1540
Foxtail millet - Potato Foxtail millet | 12959 | 34.8 0.14 | 1653 46.9 |192.6 264.8 216.7 1065
Potato 16874 |21.7 0.21 | 3627 987.0192.6 300.9 818.5 1545
Continuous maize Maize (silage) |18288 |- 0.10 |1961 110.7 | 192.6 264.8 433.3 1092
Common Vetch Common Vetch | 2417 |- 0.79 1782 144.4 1192.6 264.8 216.7 1096
Oat—Common Vetch Oat 2757 |16.4 0.39 | 1004 120.4|192.6 264.8 216.7 400
Common Vetch | 2596 |- 0.79 |2041 144.4 1192.6 264.8 216.7 1355
Sunflower Sunflower 2733 |- 1.31 | 3522 313.0 [ 192.6 288.9 361.1 2523
-Potato Potato 16731 (22.3 0.21 |3521 987.0|192.6 300.9 818.5 1439
Foxtail millet [9496 |- 0.14 | 1253 46.9 |192.6 264.8 216.7 665
Continuous cropping pattemn Ogt 2357 |- 0.39 |908 120.4 | 192.6 264.8 216.7 246
Oilseed rape 1357 |- 0.81 {1091 7.2 |192.6 264.8 216.7 542
Potato 13883 | - 0.21 2990 987.0|192.6 300.9 818.5 908

- Not applicable.
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The Loess Plateau is the semiarid region, one of the most important agricultural regions
of China. It is situated between 34 and 40°'N, and 102 and 112°E at an altitude ranging from
700 to 2,200 m. It comprises parts of Gansu, Qinghai, Ningxia, Shanxi, and Shaanxi
provinces and the autonomous Inner Mongolia with a total area of 620,000 km?
approximately 6% of China’s territory (Liu et al., 2010). In this area, the dry land is used
mainly for growing cereals or cash crops in rotation with legume forage or green manure for a
long time, such as corn-soybean—wheat rotation in a 3-year-cycle (Qiao et al., 2014). Alfalfa,
as a primary rotation legume, is widely grown for animal feed for the fast growing livestock
industry (Wang et al., 2009) in the Loess Plateau of northwestern China, while also reducing
soil erosion and improving soil fertility and quality (Fan et al., 2014).

For a further understanding of the legume-cereal rotation cropping systems in China,
there is a strong need to review and synthesize the most recent findings from the literature.
This chapter describes the current understanding and advances on legume-cereal crop rotation
systems in China.

2. LEGUME-CEREAL CROP ROTATION IN CHINA

Crop rotation has been used for thousands of years because of the yield-benefits
(Crookston et al., 1991). Farmers in ancient cultures as diverse as those of China, Greece, and
Rome shared a common understanding on crop rotations. They learned from experience that
growing the same crop year after year on the same piece of land leads to the decrease of
yields, and that they could dramatically increase productivity on the land by cultivating a
sequence of different crops over several seasons. They came to understand how crop
rotations, combined with such practices as cover crops and green manures, enhanced soil
organic matter, fertility, and tilth (Bullock,1992).

Legume-cereal crop rotation refers to a practice of growing a legume crop in one or
several years (perennial legume, such as alfalfa) and growing cereal crops in the same area in
sequential seasons. In China, rotating legume crops with cereal crops is a universal
management practice with yield benefits that have been recognized and exploited for
centuries. No one disputes the fact that rotations are beneficial. There is a large diverse in
legume-cereal crop rotation systems due to the different climate, farming systems and soil
properties throughout China. Describing all systems is beyond the scope of this chapter. Only
brief account of the main legume-cereal crop rotation systems will be discussed.

2.1. Soybean-Corn Rotation Cropping System

Soybean-corn rotation has been recommended as a good cropping practice for soil quality
and crop productivity improvement (Smith et al., 2007). Accordingly, this rotation system has
been focused and further examined under China’s agriculture and the environmental
conditions. The following sections are focused on the changes in crop yields, soil properties,
and greenhouse gas emissions as affected by this cropping system with various studies
conducted in China.
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2.1.1. Crop Yields

The yield increases of cereals following legumes in rotation have been reported by many
studies in the past years (Hairiah et al., 2000; Shah et al., 2003; Yusuf et al., 2009). The rate
of yield improvement of corn and soybean from 1978 to 2012 is showed in Figure 4. Over the
past 35 years, grain yield in China has been increasing at a rate of 77.8 kg ha™* year™ for corn
and 20.1 kg ha™ year™ for soybean, respectively. In general, the improvement in yield can be
attributed to plant breeding and better agronomic practices (Kou et al., 2012). Twenty-five
percent of yield enhancement can be attributed to improved agronomic practices (Tollenaar
and Lee, 2006), including crop rotation such as legume-cereal crop rotation. Legumes,
described as “nitrogen fixing" plants have the ability to synthesize atmospheric nitrogen in the
root systems in the form of nodules, and add nitrogen to the soil after the plant is harvested.
Soybean, as a typical legume, is a good preceding crop to alternate with heavier feeding
plants such as corn. Compared to those in a rotation system, Xu et al. (1996) observed that
soybean yield was 35.5% lower in a 3-year continuous soybean cropping and 18.6% in a 2-
year monoculture, averaged across five field experiments. Similarly, Fan et al. (2012) found
the soybean-corn rotation under no-till produced better yield and profitability, particularly in
drier years, than the corn-corn-corn and corn-corn-soybean rotations. They also observed that
the average corn yield under no-till condition was significantly greater under soybean-corn
than under corn-corn-soybean rotation (9.7%) or under continuous corn (9.8%) from an 8-
year study (Table 2). Therefore, grain legumes grown in rotation with cereal crops contribute
to improve the yields of cereal crops in China.
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Figure 4. Trends in the average corn and soybean yields in China between 1978 and 2012, Solid line,
fitted linear equation of corn yield (y = 0.0778x -150.67, R”= 0.882); dashed line, fitted linear
equation of soybean yield (y = 0.0201x- 35.52, R?= 0.6898). Source: National Bureau of Statistics of
China (2015).
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2.1.2. Soil Properties and Microbial Community

The benefits associated with the inclusion of a legume in a crop rotation can be
partitioned into the N effect and the non-N effect (Bagayonko et al., 1992; Stevenson et al.,
1996). Several studies have shown that increase in the yield of cereals following the legumes
mainly due to the N contribution (Herridge et al., 1995; Lo pez-Bellido et al., 2004; McGuire
et al., 1998; Turpin et al., 2002), associated with the symbiotic N, fixation in the legume (the
N effect). In addition, crop rotation has been considered as an effective approach to
sequestrate C in soil and to enhance soil fertility (Liu, 1999; Hassink, 1995; Jarecki and Lal,
2003; Madari et al., 2005). Drinkwater et al. (1998) demonstrated that legume-based cropping
systems have reduced carbon and nitrogen losses. Sun (2008) observed that organic matter
and nutrient content in the rhizosphere of continuous soybean were lower than those of
rotational soybean soil. However, the effect of legume-cereal crop rotation on soil carbon
sequestration is also controversial. By comparing results from different studies, Kou et al.
(2012) suggest that soybean—corn rotation may not be the best cropping practice for soil
carbon sequestration in the rain-fed farmland Mollisol (Cumulic Hapludoll) in Northeast
China, but this system could possibly sustain soil fertility for a long time, and in turn,
supporting continuously high vyields under intensive cropping practices with manure
application.

Table 2. Average crop yields under all tillage and rotation treatments from 2002 to 2009
in Dehui County, Jilin Province, China (adapted from Fan et al., 2012)

NT MP RT
Crop Treatment Yield (kg/ha) | |
C-S 10143A 9804A 10239
Corn C-C-S 9248B 9377A NA?
C-C-C 9241B 9296A NA
Soybean C-S 2330A 2277A 2275
C-C-S 2143B 2166A NA

MP, moldboard plow; NT, no-tillage; RT, ridge tillage; NA, not applicable.
Yield means in the same column within the same crop followed by the same letter are not significantly
different at P = 0.05.

Crop rotation influences the soil microbial activities. Soil microorganism populations in
the rhizosphere contribute to plant health by mediating nutrient acquisition. Sun (2008)
observed a significant change of rhizosphere soil microbial community in continuous
cropping system. In Qingdao, China, Chen et al. (2014) illustrated the succession dynamics of
soil microbial communities in a continuous cropping system. Li et al. (2006) reported that
corn in rotation with soybean in alternate years (corn-soybean-corn-soybean) can alleviate the
effect of nitrogen fertilizer on rhizosphere soil microbial diversity and richness, but the effect
of nitrogen application significantly changed its bacterial community structure (Chan et al.,
2013). Corn-corn-soybean was less affected by nitrogen fertilizer and showed relatively high
stability (Zhou et al., 2013). This indicates that microbial diversity in the soil community has
improved through crop rotation. In addition, it was also observed that the population of
beneficial bacteria increased in gramineae and leguminous rotation system (Liu et al., 2007;
Liu et al., 2009), which alleviated the barriers of continuous cropping on soil nutrient cycling,
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leading to the improved crop yields and soil quality. Thus, improvement in soil physical
properties would allow the soil to sustain life and health conditions. Moreover, the prevention
of erosion with deep roots and rich soil in the rotation cropping system could hold water and
nutrients and improve soil nutrient cycling conditions and water usage (Duan et al., 2011).

In Inner Mongolia, corn, potato (Solanum tuberosum), soybean and wheat are the main
field crops. New technologies have been developed for conservation tillage under semiarid
dryland farming conditions in the past decades. Scientists and innovative farmers have
developed four kinds of technological patterns, including high stubble with dibble seeding,
low stubble with drill, roots with tubers and grassland improvement. These technologies have
been applied in the main crop rotations, such as corn-soybean, soybean-wheat-potato,
legume-corn-wheat. The improved production efficiency under crop rotation systems has
been clearly shown (Table 1).

2.1.3. Greenhouse Gas Emissions

Current global climate change is evidenced by ongoing increases in ambient temperature,
rising sea level, and decreasing snow cover worldwide (IPCC, 2007). These accelerated
processes have been mostly attributed to progressively increasing concentration of
greenhouse gases in the atmosphere, such as CH4, CO, and N,O (Hernandez-Ramirez et al.,
2011). Major science efforts are now focusing on identifying and developing suitable land-
management strategies to effectively mitigate or decelerate these detrimental global
environmental effects (Suyker et al., 2004; Johnson et al., 2005; Russell et al., 2005;
Hutchinson et al., 2007). Gan et al. (2011, 2014) contended that there are opportunities to
reduce agricultural emissions by developing numerous cleaner production technologies
including improved farming practices, applying reasonable amounts of fertilizers, herbicides
and pesticides, and more importantly, adopting diversified cropping systems.

Much of the research on the effects of various crop types on N,O emissions has focused
on the differences between N-fixing legumes and non-leguminous crops (Pelster et al., 2011).
Even using the same rotation patterns in different studies however, results have varied. For
example, in corn-soybean rotations, the reported greenhouse gas emissions ranged from
higher cumulative N,O emissions from corn (Bavin et al., 2009; MacKenzie et al., 1997), to
no difference in emissions to higher emissions from soybeans (Parkin et al., 2006; Sey et al.,
2008). In general however, it seems that the presence of legumes increased N,O emissions,
likely because of greater N release from root exudates during the growing season, as well as
additional N inputs via decomposition of root nodules and crop residue in the autumn
(Rochette et al., 2004; Rochette and Janzen, 2005). In China, the effects of crop rotation on
the greenhouse gas emissions have been given extensive studies in recent years. It was
observed that N,O fluxes started to increase in May and lasted until October in the corn and
soybean phases with significantly lower emissions in the wheat phase of the corn- soybean-
wheat rotation system. Qiao et al. (2014) reported that with the rainfed dominant corn—
soybean—wheat rotation system in Northeastern China, there is a potential for improved soil N
management to reduce N,O emissions with addition of P fertilizer. Crop type would affect the
C: N ratio of the residue, with typically lower C: N ratio in legumes than the non-legume
crops, and thus C: N ratio of the crop residue tended to be negatively correlated with N,O
emissions (Baggs et al., 2000).
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2.2. Soybean — Wheat/Rice/Oat Rotation Cropping System

Wheat (Triticum aestivum L.) is cultivated widely in the Loess Plateau of northwest
China, North China Plain and some parts of the Northeast Plain. Winter wheat and spring
wheat are grown in the regions according to the different climatic conditions and soil
properties. Thus, various rotation systems with wheat are usually carried out in the different
growing areas. For example, in the North China Plain, summer corn is the main crop in
rotation with winter wheat, while in the Loess Plateau of Northwest China, legume-wheat
rotation is more popular. Spring wheat production is generally located in the north of the
Great Wall and the northeast China. In these areas, spring wheat is often grown in rotation
with soybean, or other grain legumes. Several studies conducted in these regions suggest that
enhanced UV-B radiation may lead to a decrease in soil respiration and in N,O emissions,
while straw incorporation may increase soil respiration, and the combined treatment may
have no significant influence on soil respiration and N,O emissions from soybean-winter
wheat rotation systems (Zhao et al., 2015). Yang et al. (2014) observed that the benefits of
crop rotation with soybean on wheat grain yields became more evident with time, in the
second and third years, the grain yields of wheat amended with 108 kg N/ha fertilizer,
following preceding soybean crop, reached 4871 and 5089 kg/ha. These yields were 21% and
12% higher than the highest yields of wheat under a fallow-winter wheat rotation.

Soybean and some legume green manures are also considered as the rotation crop or
catch crop planted in the double-rice crop production regions. Considering the long-term
benefits that legumes can have on N fertilizer savings, improved C and N cycling and soil
fertility (Drinkwater et al., 1998), Zhao et al. (2015) concluded that substituting an N-fixing
legume for winter wheat is a feasible method for mitigating N pollution from heavily-
fertilized rice/wheat cropping system in the Taihu Lake Plain of southeast China.

Soybean is also considered as an appropriate rotation crop for oat (Avena sativa)
cultivated in the cool and mountain regions in China. Zang (2014) found that under field
conditions, oat plant N content increased by 20% in rotation with soybean, compared to that
under continuous oat. For example, the N transfer from soybean to oat was about 1.1-1.9
times more than that from the oat to oat field. In continuous oat system, about 5.6% of the
total N in oat was derived from rhizodeposition (NdfR) of preceding oat, 3.3% from returning
straws, and root residues have little contribution (Zang, 2014). In comparison, about 10% of
the total N in oat originated from the decomposition of roots and straw residues of the
preceding soybean.

2.3. The Other Grain Legume-Cereal Rotation Cropping System

There are other grain legume-cereal crop rotation systems, such as peanut (Arachis
hypogaea L.), mungbean (Vigna radiate L.) and faba bean (Vicia faba L.), in rotation with
cereal crops. These minor legume crops have a long production history in China. They are
extensive in distribution, plentiful in germplasm resources and varied in cultivation pattern
(Lang et al., 1993). Consequently, these have offered a suitable opportunity to practice the
beneficial legume- cereal crop rotations in the region where peanut, mungbean and faba bean
are cultivated.
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As shown in Figure 5, peanut is grown on nearly 11.8 million ha in Asia with the total
production of 35 850 tonnes (7 863 tonnes from China) and an average yield of 2556 kg/ha in
2013 (FAO, 2014). China, India, Nigeria, USA and Myanmar are the major peanut growing
countries worldwide. In Asia, peanut accounted for 50% of global production area and 64%
of global production. Peanut-corn is the recommended crop rotation system in the North
China Plain region. Few studies have been conducted to examine the effects of peanut
rotation with different cereal crops on crop yields in China. Jeranyama et al. (2007) showed
that corn grain yields increased by 0.7 t/ha when it was following peanut compared with
continuous corn, when no fertilizer was applied to both cropping systems. Corn yield was
more responsive to fertilizer-N after peanut as preceding crop than continuous corn. Fertilizer
requirement by corn were also reduced by up to 64 kg N/ha when corn followed peanut
(Jeranyama et al., 2007). These results indicated that a suitable legume-cereal crop rotation
pattern should be chosen according to different soil properties and environmental conditions
in China. Many studies have been conducted to show the impacts of peanut-cereal rotation on
the soil properties, potential productivity, water requirement, as well as soil microbial
community (Aulakh and Pasricha, 1991; Chauhan, 2010; Gil et al., 2008; Ibafiez et al., 2014;
Siri-Prieto et al., 2007). Jin et al. (2007) observed that the suppressing effect of peanut
proceeding crop on winter wheat yield was mainly attributable to the unfavorable soil
moisture conditions after growing peanut in summer. This is inconsistent with the consensus
that peanut-cereal rotations improve cereal crop yields. Therefore, more research is needed to
determine whether current peanut-cereal crop rotations are sustainable for peanut production
over a long-term period.
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Figure 5. Changes in the harvested area, production and yield (with shell) of groundnut in Asia and
China (FAO, 2015).

China is also by far the world’s largest producer of faba bean. Cultivation of the crop can
be traced back to the ancient times. The crop is now widely distributed throughout the country
— especially along the Yangtze River region where close to 90% of faba bean production is
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concentrated. Faba bean is an important winter and spring food legume used in a wide range
of traditional dishes, or for feed and for green manure (Lang et al., 1988). In the 1990s, the
planting patterns of faba bean in different rotation patterns have been examined with different
cropping frequencies, in triple, double and single-crop cropping areas in order to avoid the
disadvantage of continuous monoculture cropping (Lang et al., 1993). Excluding faba bean
grown for green manure, the current planted area is over one million ha, and production is
close to 2 million metric tonnes with average yields of about 1700 kg ha™.

Mungbean is also an important food and cash crop throughout China. This crop grows
over a wide range of agro-climatic zones in the country (Zang et al., 2015). In 2012, it is
grown on nearly 694,000 ha with a total production of 867,000 tonnes and an average Yyield of
1248 kg/ha (NBSC, 2013). The previous research on the mungbean-cereal crop rotation in
China has not clearly demonstrated the beneficial effect of mungbean on the yield of
succeeding cereal crop and the mechanism of yield improvement by mungbean in the
rotation. However, in the southeast countries of Asia, such as India and Vietnam (Xuan et al.,
2012; Ranjan et al., 2014), some studies have shown a positive effect of mungbean-cereal
crop rotation on the cereal crop yield. Therefore, more research is needed to illustrate its role
in sustainable production development.

2.4. Forage Legume/Green Manures -Cereal Crop Rotation System

Forage legume - cereal crop rotation system options with different characteristics and
possible niches are available to farmers (Schulz et al., 2001). Green manure and fodder
legumes, such as Mucuna pruriens, Crotalaria spp. or Stylosanthes spp., have primarily been
selected for their ability to contribute large quantities of residual biomass and N to the soil
and/or to livestock as feed (Ojiem et al., 2014). The green manure and forage legume
technologies have been adopted by farmers in China for years. The common legumes used as
green manure include alfalfa (Medicago sativa L.), Chinese milk wvetch (Astragalus
membranaceus) and common vetch. Alfalfa has long been recognized as a source of N for the
subsequent crops in a rotation (Kelner et al., 1997).

The beneficial effect of preceding alfalfa on the yield of a non-legume crop has been
shown in many studies (Basso et al., 2005; Jia et al., 2009; Wang et al., 2008). In general, soil
water in dry soil layers can be quickly replenished, and crop yields in the alfalfa-crop systems
are equal to those of the conventional system. Wang et al. (2008) pointed out that the N
replacement value of alfalfa for succeeding corn crop is still underestimated or neglected by
many farmers, resulting in enrichment of nitrate in the groundwater (Peterson et al., 1991).
Zhang et al. (2009) also suggested that proper management of alfalfa fields can maintain or
even improve chemical and physical quality of converted reed meadows soils. As a winter
cover crop, Chinese milk vetch is common crop in paddy soils for rice production in southern
China, as a cover crop followed by rice, rice grain yield and N vyield are increased without
chemical N applied during the double crop rice seasons. Zhu et al. (2012) observed that soil
microbial biomass N was highest for milk vetch as cover crop (CMV,15.4 mg/kg), followed
by ryegrass (RG, 11.3 mg/kg) and fallow without weed (CK, 6.1 mg/kg), and grain yield and
total N yield of early rice were 0.6 Mg/ha and 11 kg/ha higher for CMV, respectively, and 1.0
Mg/ha and 20 kg/ha lower for RG, as compared with the continuous rice monoculture,
averaged across years.
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CONCLUSION AND FUTURE PERSPECTIVES

Crop rotation is a critical feature of all sustainable cropping systems because it provides
the principal mechanism for building healthy soils, a major way to control pests along with a
variety of other benefits. As being mentioned in the book called Qi Min Yao Shu, “the field
growing cereal should be changed crop in the next growth period.” Crop rotation in
conjunction with conservation tillage in the semiarid dryland farming conditions of China has
made significant contributions to agricultural and pasturing production, increasing rural
residents’ income, and improving the ecological environment.

Considering the long-term benefits that legumes-cereals can have on crop vyield,
improvement of soil properties, and environmental quality, an international emphasis for the
sustainable agriculture should be continued to focus on the potential role of introducing
legumes into cereal cropping systems in the future agriculture of the whole world. Improving
the ecological and efficient cultivation of maize-legume crops on a site-specific basis involves
many factors, including crop structure, variety selection, cultivation techniques, fertilization,
plant protection, irrigation and conservation tillage, and requires a multi-disciplinary, multi-
sectoral cooperation. In any specific regions, we should adhere to the principle of testing,
demonstration and promotion as the three steps give a balanced consideration of economic,
ecological and social benefits. Over-emphasis on one type of crop rotation such as corn-
soybean rotation could lead to a reduction in the potential benefit in the long run, wasting
government investment and loss of farmers' confidence on the potential benefits of crop
rotation, and thus reducing large-scale adoption of crop rotation systems as a whole.
Therefore, the introduction and adoption of any cropping systems and new technologies must
be tested under site-specific conditions and gradually extended from demonstration plots to
other regions. In view of the characteristics and demand of China’s agriculture, research
priorities include the following: (1) optimize and improve legume-cereal systems, taking into
consideration of diverse soils, climate, crops, and cropping systems; (2) establish legume-
cereal research networks and links involving multidisciplinary teams; (3) identify suitable
rotational patterns for the small land holders and diverse farming areas; and (4) link food
security with environmental protection, sustainable soil management, and climate change.
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