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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. 

 

 

 

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. 

 

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 

 

 Cropping 

System 
Crop 

Yield 

kg/ha 

Yield increase 

% 

Price 

$/kg 

Output value 

$/ha 
Input cost（$/ha） 

Net income 

$/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 987.0 192.6 300.9 818.5 1545 

Continuous maize 

Common Vetch 

Maize (silage) 18288 - 0.10 1961 110.7 192.6 264.8 433.3 1092 

Common Vetch 2417 - 0.79 1782 144.4 192.6 264.8 216.7 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 144.4 192.6 264.8 216.7 1355 

Sunflower 

-Potato 

Sunflower 2733 - 1.31 3522 313.0 192.6 288.9 361.1 2523 

Potato 16731 22.3 0.21 3521 987.0 192.6 300.9 818.5 1439 

Continuous cropping pattern 

Foxtail millet 9496 - 0.14 1253 46.9 192.6 264.8 216.7 665 

Oat 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
2
, 

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
-1 

year
-1

 for corn 

and 20.1 kg ha
-1 

year
-1

 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. 

 

 

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
2 
= 0.882); dashed line, fitted linear 

equation of soybean yield (y = 0.0201x- 35.52, R
2 
= 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 N2 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 yields 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) 

 

Crop Treatment 
NT MP RT 

Yield (kg/ha) 

Corn 

C-S 10143A 9804A 10239 

C-C-S 9248B 9377A NA
z
 

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, CO2 and N2O (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 N2O 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 N2O 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 N2O 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 N2O 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 N2O 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 N2O 

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 N2O emissions, 

while straw incorporation may increase soil respiration, and the combined treatment may 

have no significant influence on soil respiration and N2O 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; Ibañez 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.  

 

 

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
-1

.  

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 yield 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 vetch (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 yield 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 yield, 

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. 

 

 

REFERENCES 
 

Aulakh, M.S., and N.S. Pasricha. 1991. Transformations of residual fertilizer P in a semi-arid 

tropical soil under eight-year peanut-wheat rotation. Fertilizer Res. 29: 145-152. 

Bagayonko, M., S.C. Mason, and R.J. Sabata. 1992. Effect of previous cropping systems on 

soil nitrogen and grain sorghum yield. Agron. J. 84: 863-867. 

Baggs, E.M., R.M. Rees, K.A. Smith, and A.J.A. Vinten. 2000. Nitrous oxide emission from 

soils after incorporating crop residues. Soil Use Manag. 16: 82-87. 

Basso, B., and J.T. Ritchie. 2005. Impact of compost, manure and inorganic fertilizer on 

nitrate leaching and yield for a 6-year corn–alfalfa rotation in Michigan. Agric. Ecosys. 

Environ. 108: 329-341. 



Legume-Cereal Crop Rotation Systems in China 65 

Bavin, T.K., T.J. Griffis, J.M. Baker, and R.T. Venterea. 2009. Impact of reduced tillage and 

cover cropping on the greenhouse gas budget of a corn/soybean rotation ecosystem. 

Agric. Ecosys. Environ. 134: 234-242. 

Cao, L.G., and J.S. Xian. 1985. Combined on the dry land use and improve soil fertility of 

historical experience. Agric. History China 4: 63-77. 

Chan, Y.K., W.A. McCormick, and B.L. Ma. 2013. Fertilizer effects on soil archaeal 

abundance at two Ontario experimental farms during three consecutive cropping seasons. 

Appl. Soil Ecol. 68: 26-35. 

Chauhan, Y.S. 2010. Potential productivity and water requirement s of maize-peanut rotations 

in Australian semi-arid tropical environments - A crop simulation study. Agric. Water 

Manag. 97: 457-464. 

Chen, M., L. X. Li, Q. Yang, X. Chi, L. Pan, N. Chen, Z. Yang, T. Wang, M. Wang, and S. 

Yu. 2014. Dynamic succession of soil bacterial community during continuous cropping 

of peanut (Arachis hypogaea L.). PLoS One 9(7): e101355. 

Crookston, R.K., J.E. Kurle, P.J. Copeland, J.H. Ford, and W.E. Lueschen. 1991. Rotational 

cropping sequence affects yield of corn and soybean. Agron. J. 83: 108-113. 

Danga, B.O., J.P. Ouma, I.I.C. Wakindiki, and B.T. Asher. 2009. Legume–wheat rotation 

effects on residual soil moisture, nitrogen and wheat yield in tropical regions. Adv. 

Agron. 101: 315-349. 

Drinkwater, L.E., P. Wagoner, and M. Sarrantonio. 1998. Legume-based cropping systems 

have reduced carbon and nitrogen losses. Nature 396: 262-265.  

Duan, X., Y. Xie, T. Ou, and H. Lu. 2011. Effects of soil erosion on long-term soil 

productivity in the black soil region of northeastern China. Catena 87: 268-275. 

Fan, R., X. Zhang, A. Liang, X. Shi, X. Chen, K. Bao, X. Yang, and S. Jia. 2012. Tillage and 

rotation effects on crop yield and profitability on a Black soil in northeast China. Can. J. 

Soil Sci. 92: 463-470. 

Fan, J., Y. Gao, Q. Wang, S.S. Malhi, and Y. Li. 2014. Mulching effects on water storage in 

soil and its depletion by alfalfa in the Loess Plateau of northwestern China. Agric. Water 

Manage. 138: 10-16. 

Gan, Y., B.C. Liang, X. Wang, and B. Mcconkey. 2011. Lowering carbon footprint of durum 

wheat by diversifying cropping systems. Field Crops Res. 122: 199-206. 

Gan, Y.T., B.C. Liang, Q. Chai, R.L. Lemke, C.A. Campbell, and R.P. Zentner. 2014. 

Improving farming practices reduces the carbon footprint of spring wheat production. 

Nature Commun. 11(5): 1-13. 

Gil, S.V., J.M. Meriles, R. Haro, C. Casini, and G.J. March. 2008. Crop rotation and tillage 

systems as a proactive strategy in the control of peanut fungal soilborne diseases. 

BioControl 53: 685-698. 

Hairiah, K., M. Van Noordwijk, and G. Cadisch. 2000. Crop yield, C and N balance of three 

types of cropping systems on an Ultisol in Northern Lampung. Neth. J. Agric. Sci. 48: 3-

17. 

Han, M.L. 2000. A brief view about the ancient system of crops in China. Agric. History 

China 3: 91-64. 

Hassink, J. 1995. Decomposition rate constants of size and density fractions of soil organic 

matter. Soil Sci. Soc. Am. J. 59: 1631-1635. 



Zhao-Hai Zeng, Zhan-Yuan Lu, Ying Jiang et al. 66 

Hernandez-Ramirez, G., J.L. Hatfield, T.B. Parkin, T.J. Sauer, and J.H. Prueger. 2011. 

Carbon dioxide fluxes in corn-soybean rotation in the midwestern US: Inter- and intra-

annual variations, and biophysical controls. Agric. For. Meteorol. 151: 1831–1842. 

Herridge, D.F., H. Marcellos, W.L. Felton, G.L. Turner, and M.B. Peoples. 1995. Chickpea 

increase soil-N fertility in cereal systems through nitrate sparing and nitrogen fixation. 

Soil Biol. Biochem. 27: 545-551. 

Hutchinson, J.J., C.A. Campbell, and R.L. Desjardins. 2007. Some perspectives on carbon 

sequestration in agriculture. Agric. For. Meteorol. 142: 288-302. 

Ibañez, F., M.E. Arroyo, J. Angelini, M.L. Tonelli, V. Muñoz, L. Ludueña, L. Valetti, and A. 

Fabra. 2014. Non-rhizobial peanut nodule bacteria promote maize (Zea mays L.) and 

peanut (Arachis hypogaea L.) growth in a simulated crop rotation system. Appl. Soil 

Ecol. 84: 208-212. 

IPCC. 2007. Climate Change: The physical science basis. In: Solomon, S., D. Qin, M. 

Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. Miller (eds.). 

Contribution of working group I to the fourth assessment report of the intergovernmental 

panel on climate change. Cambridge University Press, Cambridge, U.K. 

Jarecki, M.K., and R. Lal. 2003. Crop management for soil carbon sequestration. Crit. Rev. 

Plant Sci. 22: 471-502. 

Jeranyama, P., S.R. Waddington, O.B. Hesterman, and R.R. Harwood. 2007. Nitrogen effects 

on corn yield following groundnut in rotation on smallholder farms in sub-humid 

Zimbabwe. African J. Biotechnol. 6: 1503-1508. 

Jia, Y., F. Li, Z. Zhang, X. Wang, R. Guo, and K.H.M. Siddique. 2009. Productivity and 

water use of alfalfa and subsequent crops in the semiarid Loess Plateau with different 

stand ages of alfalfa and crop sequences. Field Crops Res. 114: 58-65.  

Jin, K., W.M. Cornelis, W. Schiettecatte, J. Lu, Y. Yao, H. Wu, D. Gabriels, S. de Neve, D. 

Cai, J. Jin, and R. Hartmann. 2007. Effects of different management practices on the soil-

water balance and crop yield for improved dryland farming in the Chinese Loess Plateau. 

Soil Till. Res. 96: 131-144. 

Johnson, J.M.F., D.C. Reicosky, R.R. Allmaras, T.J. Sauer, R.T. Venterea, and C.J. Dell. 

2005. Greenhouse gas contributions and mitigation potential of agriculture in the central 

USA. Soil Till. Res. 83: 73-94. 

Kelley, K.W., J.H. Long Jr., and T.C. Todd. 2003. Long-term crop rotations affect soybean 

yield, seed weight, and soil chemical properties. Field Crops Res. 83: 41-50. 

Kelner, D.J., J.K. Vessey, and M.H. Entz. 1997. The nitrogen dynamics of 1-, 2- and 3-year 

stands of alfalfa in a cropping system. Agric. Ecosyst. Environ. 64: 1-10. 

Kou, T., P. Zhu, S. Huang, X. Peng, Z. Song, A. Den, H. Gao, C. Peng, and W. Zhang. 2012. 

Effects of long-term cropping regimes on soil carbon sequestration and aggregate 

composition in rainfed farmland of Northeast China. Soil Till. Res. 118: 132-138. 

Kutcher, H.R., A.M. Johnston, K.L. Bailey, and S.S. Malhi. 2011. Managing crop losses from 

plant diseases with foliar fungicides, rotation and tillage on a Black Chernozem in 

Saskatchewan, Canada. Field Crops Res. 124: 205-212. 

Lang, L., and Z. Zheng. 1988. Production of faba bean and pea in China. World crops: Cool 

season food legumes. Current Plant Sci. Biotechnol. Agric. 5:1135-1152. 

Lang, L., Z. Yu, Z. Zheng, M. Xu, and H. Ying. 1993. Faba Bean in China: State-of-the-art 

review. International Center for Agricultural Research in the Dry Areas (CARDA) press, 

Aleppo, Syria, pp: vii, 84-88. 



Legume-Cereal Crop Rotation Systems in China 67 

Larkin, R.P. 2008. Relative effects of biological amendments and crop rotations on soil 

microbial communities and soilborne diseases of potato. Soil Biol. Biochem. 40: 1341-

1351.  

Li, F., S. Zhao, and G.T. Geballe. 2000. Water use patterns and agronomic performance for 

some cropping systems with and without fallow crops in a semi-arid environment of 

northwest China. Agric. Ecosyst. Environ. 79: 129-142. 

Li, C., X. Li, and J. Wang. 2006. Effect of soybean continuous cropping on bulk and 

rhizosphere soil microbial community function. Acta Ecologica Sinica 26: 1144-1150. 

Liu, X. J., Y. L. Xu, C. J. Li, and Q. Meng. 2007. Effect of soybean rotation system on the 

bacterial physiological groups. Soybean Sci. 26: 723-727. 

Liu, J., Y. Xu, G. Lv, C. Li, Z. Zhao, and W. Wei. 2009. Black soil region fusarium 

population structure and quantity in soybean rhizosphere of different rotation system. 

Soybean Sci. 28: 97-102. 

Liu, L., X. Xu, D. Zhuang, X. Chen, and S. Li. 2013. Changes in the potential multiple 

cropping system in response to climate change in China from 1960-2010. PLoS One 8: 1-

12. 

Liu, S., X. Mo, Z. Lin, Y. Xu, J. Ji, G. Wen, and J. Richey. 2010. Crop yield responses to 

climate change in the Huang-Huai-Hai Plain of China. Agric. Water Manage. 97: 1195-

1209. 

Lo´pez-Bellido, R.J., L. Lo´pez-Bellido, J. E. Castillo, and F. J. Lo´pez-Bellido. 2004. 

Chickpea response to tillage and soil residual nitrogen in a continuous rotation with 

wheat II. Soil nitrate, N uptake and influence on wheat yield. Field Crops Res. 88: 201-

210. 

MacKenzie, A.F., M.X. Fan, and F. Cadrin. 1997. Nitrous oxide emission as affected by 

tillage, corn-soybean-alfalfa rotations and nitrogen fertilization. Can. J. Soil Sci. 77: 145-

152. 

McGuire, A.M., D.C. Bryant, and R.F. Denison. 1998. Wheat yields, nitrogen uptake, and 

soil moisture following winter legume cover crop vs Fallow. Agron. J. 90: 404-410. 

Mitchell, C.C., R.L. Westerman, J.R. Brown, and T.R. Peck. 1991. Overview of long-term 

agronomic research. Agron. J. 83: 24-29. 

Ojiem, J.O., A.C. Franke, B. Vanlauwe, N. de Ridder, and K.E. Giller. 2014. Benefits of 

legume–maize rotations: Assessing the impact of diversity on the productivity of 

smallholders in Western Kenya. Field Crops Res. 168: 75-85. 

Parkin, T.B., and T.C. Kaspar. 2006. Nitrous oxide emissions from corn-soybean systems in 

the midwest. J. Environ. Qual. 35: 1496-1506. 

Pelster, D.E., F. Larouche, P. Rochette, M.H. Chantigny, S. Allaire, and D.A. Angers. 2011. 

Nitrogen fertilization but not soil tillage affects nitrous oxide emissions from a clay loam 

soil under a corn-soybean rotation. Soil Till. Res. 115-116: 16-26. 

Peterson, T.A., and M.P. Russelle. 1991. Alfalfa and the nitrogen cycle in the Corn Belt. J. 

Soil Water Conserv. 44: 240-243. 

Qiao, Y., S. Miao, X. Han, M. You, X. Zhu, and W.R. Horwath. 2014. The effect of fertilizer 

practices on N balance and global warming potential of corn-soybean-wheat rotations in 

Northeastern China. Field Crops Res. 161: 98-106. 

Ranjan, L., S. Sharma, M. Idris, A.K. Singh, S.S. Singh, B.P. Bhatt, Y. Saharawat, E. 

Humphreys, and J.K. Ladha. 2014. Integration of conservation agriculture with best 



Zhao-Hai Zeng, Zhan-Yuan Lu, Ying Jiang et al. 68 

management practices for improving system performance of the rice-wheat rotation in the 

Eastern Indo-Gangetic Plains of India. Agric. Ecosyst. Environ. 195: 68-82. 

Rochette, P., D.A. Angers, G. Belanger, M.H. Chantigny, D. Prevost, and G. Levesque. 2004. 

Emissions of N2O from alfalfa and soybean crops in eastern Canada. Soil Sci. Soc. Am. J. 

68: 493-506. 

Rochette, P., and H.H. Janzen. 2005. Towards a revised coefficient for estimating N2O 

emissions from legumes. Nutr. Cycl. Agroecosyst. 73: 171-179. 

Russell, C., and I. Fillery.1996. In situ 
15

N labelling of lupin below-ground biomass. Aust. J. 

Agric. Res. 47: 1035-1046. 

Sanginga, N., K. Dashiell, J. Diels, B. Vanlauwe, O. Lyasse, R.J. Carsky, S. Tarawali, B. 

Asafo-Adjei, A. Menkir, S. Schulz, B.B. Singh, D. Chikoye, D. Keatinge, and O. 

Rodomiro. 2003. Sustainable resource management coupled to resilient germplasm to 

provide new intensive cereal-grain-legume-livestock systems in the dry savanna. Agric. 

Ecosyst. Environ. 100: 305-314. 

Satti, A. 2012. Combating agricultural pests and diseases through cultural means. The 

Experiment 5: 304-314. 

Schulz, S., R.J. Carsky, and S. Tarawali. 2001. Herbaceous legumes: The panacea for west 

african soil fertility problems? Sustaining soil fertility in West Africa, vol. 58. SSSA 

Special Publication, pp. 179-196. 

Sey, B.K., J.K. Whalen, E.G. Gregorich, P. Rochette, and R.I. Cu. 2008. Carbon dioxide and 

nitrous oxide content in soils under corn and soybean. Soil Sci. Soc. Am. J. 72: 931-938. 

Shaha, Z., S.H. Shahb, M.B. Peoplesc, G.D. Schwenked, and D.F. Herridge. 2003. Crop 

residue and fertiliser N effects on nitrogen fixation and yields of legume-cereal rotations 

and soil organic fertility. Field Crops Res. 83: 1-11. 

Shen, X., and X. Liu. 1983. Multiple cropping. Beijing: China agriculture press, 2-3. 

Siri-Prieto, G., D.W. Reeves, and R.L. Raper. 2007. Tillage systems for a cotton–peanut 

rotation with winter-annual grazing: Impacts on soil carbon, nitrogen and physical 

properties. Soil Till. Res. 96: 260-268. 

Smith, P., D. Martino, Z. Cai, D. Gwary, H. Janzen, P. Kumar, B. McCarl, S. Ogle, F. 

O‘Mara, C. Rice, B. Scholes, and O. Sirotenko. 2007. Agriculture. In climate change 

2007: mitigation. In: Metz, B., Davidson, O.R., Bosch, P.R., Dave, R., Meyer, L.A. 

Contribution of Working Group III to the Fourth Assessment Report of the 

Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, 

United Kingdom and New York, NY, USA, pp. 506-507. 

Stevenson, F.C., and C. van Kessel. 1996. A landscape-scale assessment of the nitrogen and 

non-nitrogen rotation benefits of pea. Soil Sci. Soc. Am. J. 60: 1797-1805. 

Stinner, B.R., and J.M. Blair. 1990. Ecological and agronomic characteristics of innovative 

cropping systems. pp123. In Edwards, C.A. (ed.) Sustainable Agricultural Systems. Soil 

and Water Conservation Society, Ankeny, IO.  

Suyker, A.E., S.B. Verma, G.G. Burba, T.J. Arkebauer, D.T. Walters, and K.G. Hubbard. 

2004. Growing season carbon dioxide exchange in irrigated and rainfed corn. Agric. For. 

Meteorol. 24: 1-13. 

Sun, L. 2008. Effect of soybean continuous cropping on the rhizosphere soil nutrition. 

Chinese Agric. Sci. Bull. 24: 266-269. 

Tollenaar, M., and E. Lee. 2006. Dissection of physiological processes underlying grain yield 

in corn by examining genetic improvement and heterosis. Maydica 51: 399-408. 



Legume-Cereal Crop Rotation Systems in China 69 

Turpin, J.E., D.F. Herridge, and M.J. Robertson. 2002. Nitrogen fixation and soil nitrate 

interactions in field-grown chickpea (Cicer arietinum) and faba bean (Vicia faba). Aust. 

J. Agric. Res. 53: 599-608. 

Wang, C., B.L. Ma, X., Yan, J. Han, Y. Guo, Y. Wang, and P. Li. 2009. Yields of alfalfa 

varieties with different fall-dormancy levels in a temperate environment. Agron. J. 101: 

1146-1152. 

Wang, X., G. Sun, Y. Jia, F. Li, and J. Xu. 2008. Crop yield and soil water restoration on 9-

year-old alfalfa pasture in the semiarid Loess Plateau of China. Agric. Water Manage. 95: 

190-198. 

Xu, Y., A. Liu, X. Han, and G. Wang. 1996. Study of the influence on yield and quality of 

soybean by different rotation system in chernozemic soil area of North East of China. 

Soybean Sci. 15: 48-55. 

Xuan, D.T., V.T. Guong, A. Rosling, S. Alström, B. Chai, and N. Högberg. 2012. Different 

crop rotation systems as drivers of change in soil bacterial community structure and yield 

of rice, Oryza sativa. Biol. Fertil. Soils 48: 217-225. 

Yang, N., Z. Wang,Y. Gao, H. Zhao, K. Li, F. Li, and S.S. Malhi. 2014. Effects of planting 

soybean in summer fallow on wheat grain yield, total N and Zn in grain and available N 

and Zn in soil on the Loess Plateau of China. Eur. J. Agron. 58: 63-72.  

Yang, X., Y. Chen, S. Pacenka, W. Gao, L. Ma, G. Wang, P. Yan, P. Sui, and T.S. Steenhuis. 

2015. Effect of diversified crop rotations on groundwater levels and crop water 

productivity in the North China Plain. J. Hydrol. 522: 428-438. 

Yates, F. 1954. The analysis of experiments containing different crops rotations. Biometrics 

10: 324-346. 

Yusuf, A.A., R.C. Abaidoo, E.N.O. Iwuafor, O.O. Olufajo, and N. Sanginga. 2009. Rotation 

effects of grain legumes and fallow on maize yield, microbial biomass and chemical 

properties of an Alfisol in the Nigerian savanna. Agric. Ecosyst. Environ. 129: 325-331. 

Zang, H., X. Yang, X. Feng, X. Qian, Y. Hu, C. Ren, and Z. Zeng. 2015. Rhizodeposition of 

nitrogen and carbon by mungbean (Vigna radiata L.) and its contribution to intercropped 

oats (Avena nuda L.). PLoS One 10(3): e0121132. doi:10.1371/ journal. pone.0121132 

Zang, H. 2014. Nitrogen rhizodeposition and transfer in mungbean-oat inter-cropping system 

and soybean-oat rotation system. China Agriculture University. MS thesis, pp 51. 

Zhang, T., Y. Wang, X. Wang, Q. Wang, and J. Han. 2009. Organic carbon and nitrogen 

stocks in reed meadow soils converted to alfalfa fields. Soil Till. Res. 105: 143-148.  

Zhang, H., R. Lal, X. Zhao, J. Xue, and F. Chen. 2014. Opportunities and challenges of soil 

carbon sequestration by conservation agriculture in China. Adv. Agron. 124: 1-36. 

Zhao, X., S. Wang, and G. Xing. 2015. Maintaining rice yield and reducing N pollution by 

substituting winter legume for wheat in a heavily-fertilized rice-based cropping system of 

southeast China. Agric. Ecosyst. Environ. 202: 79-89.  

Zhu, B., L. Yi, L. Guo, G. Chen, Y. Hu, H. Tang, C. Xiao, X. Xiao, G. Yang S.N. Acharya, 

and Z. Zeng. 2012. Performance of two winter cover crops and their impacts on soil 

properties and two subsequent rice crops in Dongting Lake Plain, Hunan, China. Soil 

Till. Res. 124: 95-101. 

 


