
 

 

 

INTRODUCTION 

 

Due to the large variation in the distribution and intensity of 

precipitation annually, frequent storms during the rainy 

period and the loose structure of the loess soil make dryland 

region of the Loess Plateau experience extensive soil erosion 

caused by wind and water. Additionally, local detrimental 

cultivation practices, including limited organic fertilizer 

inputs, increased use of synthetic inputs, such as chemical 

fertilizers and pesticides, and intensive soil cultivations 

exacerbate the degradation of the soil quality, resulting in 

arable dryland soil with a fragile physical structure and a low 

organic matter content (which is less than 1.0% in two-thirds 

of this region) (Zhang et al., 2016a). This inherently low soil 

fertility may pose risks to long-term sustainability and 

productivity. The maintenance, and in many cases the 

recovery of soil fertility, has become a significant challenge 

facing agricultural professionals and farmers (Pimentel et al., 

2012).  

A strategy to overcome such crises is proper management of 

the cropping system, such as the cultivation of cover crops 

during the fallow period (Aulakh et al., 2012). This practice 

is an effective way to increase and recover the soil fertility. 

Other benefits include increase soil water use efficiency 

locally appropriate, low-external-inputs and helpful in 

enhancing the sustainable development of crop production. 

Studies on the Loess Plateau suggest that the cultivation of 

cover crop during the summer fallow period can increase the 

yield of winter wheat and water use efficiency by 13 and 28%, 

respectively, and has considerable potential for the 

maintenance of the soil water balance compared with fallow 

conditions (Zhang et al., 2016b), thereby improving soil 

fertility and mitigating climate change (Li et al., 2009b; Yao 

et al., 2017; Yao et al., 2018). Cultivation of leguminous 

cover crop during the summer is a better option than bare 

fallow fields for maintaining the soil N pool and decreasing 

the required rates of N fertilization not only in the Loess 

Plateau of China but also in other similar dryland regions 

worldwide (Zhang et al., 2016a). In different regions of the 

world, the incorporation of legumes (i) enhances subsequent 

crop growth and productivity (Seymour et al., 2012), (ii) 

reduces the risk of nitrate-N leaching (Rinnofner et al., 2008; 
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The present studies were aimed to investigate the impact of cultivating different cover crops on soil fertility for 2-yrs at different 

cropping densities and cropping patterns during the summer fallow period in the loess plateau of China. In the first experiment, 

under split plot design a summer fallow treatment was compared with four different cover crops including mung bean 

(Phaseolus radiatus L.), huai bean (Glycine ussuriensis Regel et Maack), hairy vetch (Vicia villosa Roth), and rapeseed 

(Brassica napus L.) under varying cover cropping patterns (crop rotation and crop relay intercropping). The second experiment 

was conducted with RCDB design to investigate four different cover crops (Huai bean, mung bean, hairy vetch and rapeseed) 

and four planting densities (75, 100, 125 and 150% of the recommended planting density). The results revealed that mung 

bean, huai bean and hairy vetch at 150% of planting density produced the highest biomass, while the rapeseed at 75% planting 

densities yielded higher biomass compared to the local recommended rate. Moreover, huai bean and rapeseed rotation resulted 

in higher contents of soil organic matter, total and mineral N, available P and K contents in comparison to the fallow treatment. 

Thus, Huai bean and rapeseed wheat rotations are effective strategies in order to improve crops productivity and soil quality 

in the Loess Plateau of China.  
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Yu et al., 2014) and maintains soil fertility and biological 

activity (Larkin, 2008), and (iii) improves the N economy of 

the cropping system because of the additional N (Mazzoncini 

et al., 2011).  It has been demonstrated that cover crops can 

be used to improve the retention and supply of N (Thorup-

Kristensen et al., 2003; Fowler et al., 2004). In addition, other 

studies show that growing CCs not only reduces weeds, pests 

and diseases (Blaser et al., 2007), but can also improve the 

utilization of land resources (Agegnehu et al., 2008; Pimentel 

et al., 2012). Cover crops improve the soil ecology, prevent 

soil erosion (Kubota et al., 2005) by providing ground cover, 

controls eutrophication, reduces energy loss to the 

atmosphere, and provides other ecological benefits (Dabney 

et al., 2001; Hartwig and Ammon 2002; Dorn et al., 2015; 

Wittwer et al., 2017).  

The optimal combinations of cover crop types, cropping 

patterns and planting densities and their impact on soil 

properties in the Loess Plateau area have not been sufficiently 

studied. The aim of this study was to screen for efficient cover 

crop types, cropping patterns, and suitable cropping densities 

and to determine their impact on soil fertility.  

 

MATERIALS AND METHODS 

 

Site description: The field experiments were conducted at 

two different locations (Experiment 1) in Dingjia Village 

(35.21´N, 107.76´E) for two years and (Experiment 2) in 

Shilipu Village (35.12´N, 10744´E) for one year in 2012, 

Changwu County, Shaanxi Province, in the southern Loess 

Plateau of China, at an altitude of 1,220 m. The experimental 

site has a semiarid and continental monsoon climate with an 

average annual sunlight duration of 2230 h from 1957 to 

2009. The average annual temperature is 9.1 °C, and there are 

typically 171 frost-free days each year. The agricultural 

production in this region is completely dependent on natural 

precipitation, and 50–60% of the annual rainfall occurs from 

June to September. The long-term (1957–2012) mean annual 

rainfall in the experimental site was 588 mm. It is a typical 

dry-farming region that allows the production of a single crop 

each year. The monthly rainfall during the two test years and 

the long-term average monthly rainfall in the past years are 

shown in (Fig. 1). The experimental soil was a sticky loess 

soil classified as a Cumuli-Ustic Isohumosols (USDA system) 

derived from loamy Malan Loess parent material. The soil 

profile was uniform and loose, with good permeability.  

Experimental design and field management: In the first 

experiment, two factors were investigated (cover crop species 

and cropping pattern) in a randomized complete block design 

(RCBD) with four replications. The cover crops included 

mung bean (Phaseolus radiatus L.) (MW), Huai bean 

(Glycine ussuriensis Regel et Maack) (HW), hairy vetch 

(Vicia villosa Roth) (HVW) and rapeseed (Brassica napus L.) 

(RW) sown at seeding rates of 113, 150, 150 and 15 kg ha-1 

respectively. The cropping patterns included rotation (cover 

crop-wheat rotation) and relay intercropping (CC-wheat relay 

intercropping). A summer fallow treatment was the control. 

The experiment involved nine treatments that were repeated 

four times, and the size of each plot was 100 m2 (4 m×25 m). 

In the crop rotation treatment: CC sowing on June 15th in 2011 

and June 5th in 2012 and harvested on 30th August 2011 and 

1st September 2012. In relay intercropping treatments: CC 

were sown during the late growth stage (15 days) prior to 

winter wheat harvest (Growth Stage 83) (Zodak et al., 1974) 

on June 30th, 2011 and 2012.  After CC decomposed for 2 to 

3 weeks, winter wheat was sown at a seeding rate of 180 kg 

ha−1, with 160 kg N ha−1 (urea, 46% N) and 120 kg P2O5 ha−1 

(triple superphosphate-TSP, 46% P2O5) as basal fertilizer for 

each treatment. The initial soil properties of the plow layer (0-

20 cm) prior to the experiment were as follows: pH – 7.80, 

SOM – 14.1 g kg-1, total N – 0.89 g kg-1, total P– 0.61 g kg-1, 

NO3-N – 14.74 mg kg-1, available P – 5.43 mg kg-1 and 

exchangeable K – 153.30 mg kg-1.  

 
Figure 1. Distribution of precipitation (mm) during the 

study period (July 2011 to December 2012) and 

average precipitation data for Changwu from 

1957 to 2012 

 

The second experiment was conducted in Shilipu Village in 

2012 and involved two factors (cover crop species and 

cropping density) in a split plot randomized completely block 

design. The main treatment was the CC species (mung bean, 

Huai bean, hairy vetch and rapeseed). The sub-treatment was 

the planting density based on the local recommended sowing 

rate for Huai bean, mung bean, hairy vetch and rapeseed were 

113, 150, 150 and 15 kg ha-1, respectively, and the treatments 

involved planting at 75, 100, 125 and 150 of these rates. A 

summer fallow treatment was taken as the control. Therefore, 

this experiment had seventeen treatments with four 

replications, and the size of each sub plot was 45 m2 (3 m×15 

m). The CCs were sown after wheat harvest on July 2nd, 2012 

and harvested on September 2nd, 2012. The initial soil 
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properties of the plow layer (0-20 cm) prior to the experiment 

were as follows: pH – 7.80, SOM – 12.0 g kg-1, total N – 0.79 

g kg-1, total P – 0.44 g kg-1, NO3-N – 13.74 mg kg-1, available 

P – 8.78 mg kg-1 and exchangeable K – 163.95 mg kg-1.  

Sampling and laboratory measurement: For both 

experiments, the fresh aboveground biomass of cover crops 

was weighed by manually harvesting in early September from 

the entire plot. The plant samples for laboratory analysis were 

collected from four-1m long randomized rows in each plot. 

They were dried at 95°C for 30 minutes and at 65°C for 24 h 

to achieve a constant weight to determine the water content 

and determine the aboveground dry biomass. Then, sub-

samples were crushed, homogenized, wet digested with  

concentrated sulfuric acid (H2SO4, AR, 98%) and hydrogen 

peroxide (H2O2, GR,30%)-H2O2, (Bao, 2007) and analyzed 

to determine the N concentration following the Kjeldahl 

method (Bremmer,1996), P concentration following 

vanadium molybdate yellow colorimetric method measured 

on UV spectrophotometer (Piper, 1966), and K concentrations 

directly measured on flame photometer method.  

Soil samples were collected from 0-20 cm depth for first 

experiment (Dingjia) using soil auger (inner diameter 4 cm) 

while for second experiment (Shilipu) 0-200 cm samples were 

collected at cover crop harvest for soil mineral N and soil 

water content. Samples were air-dried and sieved 1 mm for 

soil available P and K, while 0.25 mm for soil organic matter 

(SOM). Fresh soil samples (5 g) were shaked with 50 ml of 1 

mol/L KCl solution for measuring mineral nitrogen and 

determined with an AutoAnalyzer3 (AA3) continuous flow 

analyzer (Skalar Inc., Norcross, GA). The soil available P was 

determined by shaking soil with 0.5 molar ammonium 

bicarbonate method described by (Olsen and Sommers, 1982) 

and measured using UV spectrophotometer at 882 nm 

wavelength (Murphy and Riley, 1962). For the available K 

analysis, soil was mixed with distilled water at a ratio of 2:1, 

maintained at 25°C for 30 minutes, and then shaken at a rate 

of 250 times/min for 10 minutes before being centrifuged 

(4000 rpm) and determined on flame photometer (Richards, 

1954). The Kjeldahl method was used for the determination 

of the soil TN content (Bao, 2005). Chloroform fumigation 

extraction as proposed by Jenkinson (1988) was conducted 

for soil microbial biomass, samples were fumigated with 

ethanol free CHCl3 and extracted with 0.5 M K2SO4, and 

measured on TOC analyzer. The potassium dichromate 

(K2Cr2O7-H2SO4) wet oxidation method was used to 

determine the SOM (Walkley, 1947) while for the dissolved 

organic carbon content (DOC) 10 g of fresh soil sample was 

mixed with 100 mL of distilled water and then shaken for 1 h 

at a speed of 200 r min–1 to extract the soil DOM, then the 

solution was centrifuged at a speed of 4000 r min–1 for 1 h. 

After centrifugation the supernatant was vacuum-filtered 

through 0.45 µm millipore filter. The extracted DOM was 

partly stored at 4°C for the measurement of dissolved organic 

carbon (DOC). Enzyme activities of urease, alkaline 

phosphatase, catalase and invertase were analyzed by using 

colorimetric method. Urease activity was measured by the 

determination of ammonium released from a solution of urea 

(10%) and citrate buffer solution pH 7.6 at 37 °C for 24 h 

(Tabatabai, 1994). Invertase activity was measured by 

standard protocol (Guan, 1986) using 5 g of air-dried soil was 

incubated for 24 h at 37 °C with 15 ml of 8% sucrose, 5 ml 

phosphate buffer at pH 5.5 and 0.1 toluene. The glucose 

released by invertase was then reacted with 3.5- dinitro-

salicylic acid and 3 aminonitrosalicylic acid, assayed based 

on the product of sucrose solution as substrate and samples 

were determined calorimetrically at 578 nm using a 

spectrophotometer. Alkaline phosphatases activity was 

determined at pH 9.6 with nitrophenyl phosphate solution 

used as the substrate (Guan, 1986).  Catalase activity was 

measured based on the rates of recovery of hydrogen 

peroxide (H2O2) from a 2-g sample of air-dried soil placed in 

40 mL of distilled water and then treated with a 5-ml aliquot 

of 0.3% H2O2. The solution was shaken for 20 min at 150 rpm, 

filtered by (Whatman 2V paper), and then titrated with 

0.1 mol l−1 KMnO4 for the presence of H2SO4 (Tabatabai, 

1994). 

The general equation for the calculation of the total enzyme 

activity of the soil is as follows: 

Et =∑(
Xi

X
)

n

r=1

 

The calculation formula is expressed as follows: the soil 

enzymatic activity was calculated as the control, and then the 

relative values of all soil enzymes were calculated. Finally, 

the sum of the total enzymatic activity was determined. Xi 

represents the activity of a specific soil enzyme, X represents 

the average activity of the same enzyme, and Et indicates the 

total enzymatic activity (He et al., 2010). 

Statistical analysis: Data were processed with Microsoft 

Excel 2013, and a statistical analysis was conducted with the 

SAS 7.5 software package. Significant differences among 

treatments were determined by an analysis of variance 

(ANOVA). The significant differences among the measured 

variables between treatments were compared using the least 

significant differences (LSD) test at the 0.05 probability level. 

The relationships between the cover crop biomass and the soil 

properties for the two-year experiment was analyzed using 

Pearson correlation analysis. 

 

RESULTS 

 

Biomass and cover crops nutrients uptake: In the wheat- 

cover crop rotation systems, the total biomass (dry weight) of 

Huai bean was 4356 kg ha-1, which was 23.7%, 28.9%, and 

20.2% significantly higher than that of mung bean, hairy 

vetch, and rapeseed, respectively (p<0.05). For the 

intercropped cover crop treatment, the dry biomass of 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/citrate
https://www.sciencedirect.com/science/article/pii/S0957582018308188#bib0280
https://www.sciencedirect.com/science/article/pii/S0957582018308188#bib0070
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/phosphate
https://www.sciencedirect.com/science/article/pii/S0957582018308188#bib0070
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/catalase
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrogen-peroxide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrogen-peroxide
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rapeseed was also significantly higher than that in the other 

treatments. Overall, the total biomass in the wheat- cover crop 

rotation treatment was higher as compared to the wheat- cover 

crop relay intercropping treatment. Cropping patterns 

revealed similar crop biomass result in both years (Table 1). 

 

Table 1. Cover crop dry biomass (root + shoot) of different 

planting patterns in Dingjia Village. 

Planting pattern Green manure 2011 2012 

  kg ha-1 

Crop rotation Huai bean 4356 a 4402 a 

Mung bean 3520 b 3525 b 

Hairy vetch 3378 b 3709 b 

Rapeseed 3624 b 4457 a 

Crop relay 

intercropping 

Huai bean 399 e 439 e 

Mung bean 1127 d 1094 d 

Hairy vetch 2224 c 2440 c 

Rapeseed 3232 b 3288 b 
Different letters in the same column indicate significant differences 

among green manure treatments at p < 0.05. 

 
The dry biomass of Huai bean, mung bean, and hairy vetch in 

Shilipu Village increased as the cropping density increased 

(Table 2). The dry biomasses of Huai bean, mung bean, and 

hairy vetch at 150% of the local seeding density were 

significantly higher than those at 100% of the local seeding 

density, with respective increases of 52%, 25%, and 87%, 

respectively. The dry biomass of rapeseed decreased with an 

increase in the cropping density. The 75% local seeding 

density treatment yielded 3219 kg ha-1 of dry biomass, not 

significantly different from local recommended rate, 

indicating that lower planting densities is equally productive, 

farmers can save money by reducing seeding rate. The 

average biomass of mung bean was significantly higher than 

that of the other cover crops, and hairy vetch had the lowest 

biomass.  

Increasing trend for total N uptake by different CC shoot is as 

Mung bean > Huai bean > Rapeseed > Hairy vetch (Table 3). 

Significant differences were observed for total P uptake by 

CC shoot showed increasing trend as Mung bean > Rapeseed 

> Huai bean > Hairy vetch (p < 0.05). Potassium uptake was 

attributed as Rapeseed > Mung bean > Huai bean > Hairy 

vetch. After the partial harvest of the crop biomass, the root 

system remains in the soil is also a considerable source of 

nutrients. Nitrogen uptake by Hairy vetch was lowest among 

different cover crops, no significant difference was observed 

in mung bean, rapeseed and huai bean. Significantly highest 

P and K uptake was found in rapeseed roots (p < 0.05).  

 

Table 3. Nutrient accumulation of different summer 

legumes in Shilipu . 

Green manure 

varieties 

N 

(kg ha-1) 

P 

(kg ha-1) 

K 

(kg ha-1) 

Shoot Mung bean 80.19a 8.02a 57.47a 

Huai bean 72.26ab 5.78c 38.54b 

Hairy vetch 45.41c 3.35d 31.55b 

Rape 65.37b 6.83b 60.49a 

 

Root 

Mung bean 4.46a 0.41b 3.13b 

Huai bean 4.09a 0.42b 2.82bc 

Hairy vetch 2.67b 0.23c 2.26c 

Rape 4.54a 0.68a 6.48a 
Different letters in the same column indicate significant differences 

among green manure treatments at p < 0.05 

 

For the wheat-CC rotation, HW, HVW and RW accumulated 

and returned more nitrogen than the MW after incorporation 

into the soil (Table 4) probably due to higher biomass. The P 

uptake by rapeseed peaked at (22.2 mg.kg-1) not significantly 

different with Huai bean (20.9 mg.kg-1) but higher than hairy 

vetch (20%) and mung bean (28.3%) (p<0.05). Rapeseed and 

hairy vetch accumulated more K than mung bean and Huai 

bean. When intercropped with winter wheat, rapeseed 

accumulated the most N, P and K of the four cover crop 

species 180.9 mg kg-1, 17.7 mg kg-1, and 145.8 mg kg-1, 

respectively. Overall, a crop rotation with the incorporation 

Table 2. Cover crop biomass of different cropping density treatments in Shilipu Village. 

Green manure Seed quantity (%) Dry biomass (kg ha-1) Green manure Seed quantity (%) Dry biomass (kg ha-1) 

Rapeseed 75 3219 a Mung bean 75 2859 c 

100 2598 ab 100 3188 bc 

125 2398 b 125 3811 ab 

150 2289 b 150 3989 a 

Average 2626 B Average 3462 A 

 

Huai bean 

75 1790 c  

Hairy vetch 

75 855 c 

100 2081 c 100 1151 bc 

125 2586 b 125 1543 ab 

150 3164 a 150 2157 a 

Average 2405 B  Average 1426 C 
Biomass data were obtained at the flowering stage of green manure. Lower case letters indicate that seed quantity treatments for the same 

green manure variety were significantly different at p < 0.05. Upper case letters indicate significant differences between green manure 

averages at p < 0.05. 
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of the CC into the soil resulted in a higher level of nutrients 

than relay intercropping.  

Soil properties: After two years of CC incorporation into the 

soil, results showed that CC applied after the wheat harvest 

significantly improved the soil nutrient content in 0-20 cm 

depth compared with fallow (Table 5), while CC intercropped 

with wheat did not significantly increase soil nutrients except 

for rapeseed in which OM, available P and available K were 

significantly higher than fallow. It was probably due to a 

lower biomass of relay intercropping as compared to the crop 

rotation. Generally, the soil under HW and RW rotation had 

the highest nutrient content as compared to the other CC 

except for mineral nitrogen in which hairy vetch leads after 

huai bean.  

The crop rotation yielded no significant difference in soil 

microbial biomass carbon (SMBC) or in the dissolved organic 

carbon (DOC) content for any of the CC (Table 5). However, 

cultivation with HW and RW resulted in an increase (p<0.05) 

in the soil DOC content of 2.49 times and 2.38 times that in 

the fallow treatment, respectively. Compared with the fallow 

treatment, cultivation with HW, MW, HVW and RW rotation 

resulted in an increase in the SMBC of 29.8%, 29.8%, 33.6%, 

and 36.6%, respectively. Intercropped rapeseed produced a 

higher SMBC and DOC content than Huai bean by 21.9% and 

87.5%, respectively (p<0.05). Compared to the fallow 

treatment, relay intercropping with rapeseed increased the 

SMBC and DOC contents by 35.7% and 168.5%, 

respectively. HW rotation resulted in a significantly higher 

SMBC content than relay intercropping with the other three 

CC or with crop rotation. However, there were no significant 

differences in terms of SMBC.  

The total enzyme activity index results revealed an 

improvement in the soil enzyme activity significantly 

different from the fallow treatment (Table 5). HW rotation 

was associated with significantly higher phosphatase, urease, 

sucrase and catalase activities than the fallow treatment. 

However, rapeseed rotation and intercropped with wheat 

showed significantly higher enzyme activities except for 

urease, than the fallow treatment. In crop rotation, Huai bean 

and rapeseed showed no differences in the soil enzyme 

activity. When intercropped, rapeseed had a higher soil 

enzyme activity than Huai bean and mung bean. Overall, total 

soil enzymatic activity was higher in crop rotation treatment 

than relay intercropping.  

In Shilipu Village, leguminous CC resulted in a greater 

accumulation of soil mineral N in the 0-100 cm layer than 

Table 4. Total cover crop nutrients returned into the soil after the two-year period at Dingjia Village. 

Planting 

pattern 

Green manure Initial N 

(g kg-1) 

Final N 

(kg ha-1) 

Initial P 

(g kg-1) 

Final P 

(kg ha-1) 

Initial K 

(mg kg-1) 

Final K 

(kg ha-1) 

Crop rotation Huai bean 0.89 260.2a 0.61 20.9a 153.30 128.2c 

Mung bean 168.0cd 17.3b 121.6c 

Hairy vetch 247.5ab 18.5b 154.0b 

Rapeseed 233.5b 22.2a 182.6a 

Crop relay 

intercropping 

Huai bean 23.3f 1.8f 8.5f 

Mung bean 53.5e 5.6d 40.1e 

Hairy vetch 159.4d 11.5c 103.0d 

Rapeseed 180.9c 17.7b 145.8b 

 

Table 5. Soil nutrient contents and enzymatic activity in the 0-20 cm depth of different treatments after 2 years of 

cover crop application in Dingjia Village. 
Planting 

pattern 

Green 

manure 

OM 

(g kg-1) 

Total N 

(g kg-1) 

Min N 

(mg kg-1) 

Available 

P 

(mg kg-1) 

Available 

K 

(mg kg-1) 

SMBC 

(mg kg-1) 

DOC 

(mg kg-1) 

Phosphata

se 

（mg g-1) 

Urease 

mg g-1d-1 

Sucrase 

mg g-1d-1 

Catalase 

mg g-1.h-1 

Total 

enzyme 

activity 

index 

Fallow  13.7b 0.9b 9.7c 6.3d 147.0b 142.4c 16.2d 6.4d 2.6bc 19.5d 3.9c 3.1 

Crop rotation 

 

Huai 

bean 

15.4a 1.1a 19.0a 8.1ab 163.5a 184.9a 40.3ab 7.6ab 4.8a 27.7a 5.5ab 4.8 

Mung 

bean 

14.9ab 1.1ab 14.0abc 7.4bc 157.9ab 184.8a 26.9a-d 8.0ab 3.7abc 25.5ab 5.0b 4.4 

Hairy 
vetch 

14.6ab 1.0ab 18.1ab 7.7bc 153.3ab 190.2a 31.6a-d 6.7cd 4.3abc 24.5ab 5.1ab 4.0 

Rapeseed 15.4a 1.0ab 10.4c 8.8a 167.1a 194.5a 38.6abc 7.8ab 4.5ab 27.5a 5.8a 4.6 

Crop relay 
intercropping 

 

Huai 
bean 

13.5b 0.9ab 11.8bc 5.7d 147.3b 158.5bc 23.2bcd 6.4d 2.4bc 20.5cd 4.1c 3.2 

Mung 

bean 

14.1ab 1.0ab 12.6abc 5.9d 151.3ab 170.7ab 20.4cd 7.1bcd 2.3c 20.4cd 3.7c 3.3 

Hairy 

vetch 

14.5ab 1.0ab 14.8abc 7.1c 156.2ab 189.1a 32.2a-d 7.4abc 4.3abc 23.7bc 5.3ab 4.0 

Rapeseed 15.3a 0.9ab 9.2c 7.9b 175.0a 193.2a 43.5a 8.3a 3.4abc 26.5ab 5.8a 4.5 

Different letters indicate significant differences among green manure treatments under the same cropping system at p < 0.05. 
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under fallow conditions or with rapeseed (p<0.05) (Fig. 2). 

The mineral N in the soil profile was mainly distributed in the 

soil above 40 cm before the CC was incorporated. Below that 

level, the N content was relatively low and changed little with 

increasing depth. The available P in the cover crop treatments 

were significantly higher as compared to the fallow (p<0.05) 

(Table 6). The soil in the rapeseed treatment contained 16.31 

mg kg-1 P, 40% higher than that in the fallow. Mung bean, 

hairy vetch, and Huai bean increased the P contents by 25%, 

14%, and 12%, respectively, compared to the fallow. 

However, a significant decrease in the soil available K content 

was found in the rapeseed, Huai bean, and hairy vetch 

compared with the fallow (p<0.05), which did not agree with 

the results of the experiment in Dingjia Village (Table 5). This 

probably resulted from the different soil sampling time, 

implying that the decomposing of cover crop in soil improves 

the soil K availability while cover crop growth consumes soil 

available K. 

CC planting density did not show a significant influence in 

soil mineral N content after one year in the 0-20 cm layer 

(p<0.05) (Table 6). No significant differences in the soil 

available P content occurred between different planting 

densities (p<0.05). An increase in the planting density of 

rapeseed produced a reduction in soil available K, but 

increases in the planting densities of Huai bean, mung bean 

and hairy vetch were associated with an increase in soil 

available K.  

Cover crops consume a large amount of water, but all the 

cover crops investigated had different effects on the soil 

moisture. However, the different cover crop densities were 

non-significant for soil water storage in the 0-200 cm layer 

after the cover crop harvest (p > 0.05) (Table 7), (Figure 3). 

The cultivation of hairy vetch after wheat did not result in a 

significant difference in the soil water storage in the 0-200 cm 

layer (p > 0.05). However, the soil water storage in these two 

treatments was significantly higher than in the other 

treatments (Table 7). The difference was mainly present in the 

60-160 cm soil layer, and no obvious difference was seen 

between the surface and deep soil water content under 

different cover crops (Figure 3). 

 
Figure 2. Soil mineral nitrogen content in the 0-100 cm 

profile after harvesting green manure in 

different treatments in Shilipu Village. 

 
Figure 3. Soil moisture content through 0-200 cm profile 

for different green manure treatments after 

harvesting in Shilipu village. 

Table 6. Soil mineral nitrogen, available phosphorus and available potassium content in 0-20 cm depth for different 

treatments after green manure harvest in Shilipu Village . 
Green 

manure 

Seed quantity 

(%) 

Mineral 

nitrogen 

Available 

phosphorus 

Available 

potassium 

Green 

manure 

Seed 

Quantity 

(%) 

Mineral 

nitrogen 

Available 

phosphorus 

Available 

potassium 

  mg kg-1  mg kg-1 

Rapeseed 75 6.67a† 16.36a 159.32a Mungbean 75 14.86a 14.06a 165.45ab 

100 9.38a 17.43a 164.43a 100 13.25a 14.06a 149.11c 

125 10.15a 15.64a 146.05b 125 15.34a 14.98a 156.26bc 

150 9.81a 15.80a 148.09b 150 11.99a 15.22a 170.56a 

Average 9.00C‡ 16.31A 154.47B Average 13.86AB 14.58B 160.34AB 

Huai bean 75 12.96a 12.04a 146.05a Hairyvetch 75 10.51a 13.13a 127.67b 

100 11.24a 13.34a 148.09a 100 11.88a 13.57a 153.20a 

125 9.19a 13.09a 151.15a 125 11.36a 12.83a 153.20a 

150 15.98a 13.79a 155.24a 150 14.45a 13.31a 156.26a 

Average 12.34A 13.07C 150.13B Average 12.05A 13.21BC 147.58B 

 Fallow Average 9.11 B 11.62 D 176.66A 

Lower-case letters indicate that seed quantity treatments for the same green manure variety were significantly different at p < 0.05. Upper 

case letters indicate significant difference between green manure averages at p < 0.05.  
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The relationships between the cover crop biomass and the soil 

properties revealed a significant positive correlation with 

various soil properties (Table 8). Strong correlations were 

found between total N (r = 0.50) SMBC (r = 0.72), DOC (r = 

0.72), TOC (r = 0.90), available P (r = 0.83), phosphatase (r = 

0.68), urease (r = 0.88), sucrase (r = 0.95) and catalase (r 

=0.75). 

 

Table 8. Relationships between cover crop biomass and 

soil properties in Dingjia Village. 

Index r Index r 

Total N 0.5065* TOC 0.9038** 

Avail. K 0.5883* Phosphatase 0.6792** 

Avail. P 0.8311** Urease 0.8778** 

SMBC 0.7232** Sucrase 0.9532** 

DOC 0.7240** Catalase 0.7491** 
SMBC: soil microbial biomass carbon; DOC: Dissolved organic C; 

* and ** indicate that green manure biomass had a significant 

relationship with soil properties at the p < 0.05 and p < 0.01 levels, 

respectively. 
 

DISCUSSION 

 

Cropping pattern impact on soil properties and cover crop 

biomass: In our two-year study, results show that crop 

rotation produced greater CC biomass than relay 

intercropping including Huai bean and rapeseed with highest 

biomass. In the relay intercropping, rapeseed had the highest 

biomass demonstrating that cropping patterns can 

significantly affect cover crop biomass. In relay 

intercropping, the seeds of CC are prevented from making 

close contact with the soil, and therefore, germination is 

reduced. In addition, limited precipitation occurs during the 

later stages of wheat growth, thus reducing the CC density and 

adversely affecting the biomass. Less competition for 

nutrients and light occurs in crop rotation, resulting in higher 

biomass production.  

Our results showed that the crop rotation accumulated more 

OM into the soil and have a strong positive correlation 

between the CC biomass and various soil properties, might be 

because cover crops can activate OM and insoluble nutrients 

in the soil which ultimately improves the soil fertility. Yao et 

al., (2019) found that leguminous green manure (Huai bean, 

soybean and mung bean) treatments increased the amount of 

carbon and nitrogen returned to the field by 67–91% and 74–

125%, respectively, compared with the fallow treatment. 

These treatments also increased SOCS by 15–23% and TNS 

by 12–22% after 8 years in comparison with the fallow 

treatment. Shah (2011) also found that cover crop biomass 

was positively associated with the soil nutrient contents. In 

the current study, although the crop rotation produced more 

biomass than relay intercropping, the two planting patterns 

did not show significant differences in soil properties, such as 

the SOC content and various enzyme activities. This pattern 

may have occurred because the cover crop was not grown for 

long enough or because the earlier growth of the intercropped 

cover crop might have been associated with more secretions 

and the more litter formation.  

Cultivating rapeseed and incorporating it into the soil, higher 

the SOM, available P and available K contents than under 

fallow conditions might be due to rapeseed has a C/N ratio of 

20-25:1 at the flowering stage, indicating that it is readily 

decomposed. Alternatively, rapeseed can secrete large 

amounts of organic acids to enhance the utilization of limited 

soluble phosphate (Luo, 2006). HW rotation and its 

incorporation of into the soil was the only treatment that 

resulted in significantly higher SOM, TN, mineral N, 

available P, and K contents than in the fallow treatment. 

Similar results have been reported by Zhang et al., (2016a) 

who concluded that Huai bean was a more profitable summer 

legume than soybean or mung bean primarily due to the 

greater biomass and N accumulation with a lower C:N ratio, 

rapid decomposition and N release rates, and higher potential 

as an N fertilizer replacement. Soil DOC and SMBC are 

indicators of soil microbial activity, as the DOC was derived 

from fallen leaves, the decomposition of humic substances, 

and microbial and plant root exudation of OM (Ni et al., 

2003). Our study found that the soil DOC content associated 

with cover crop was higher than in the fallow treatment.  

Wang (2011) reported that cover crop incorporated into the 

soil, along with the decomposition of plant roots, produces 

many soluble organic compounds that increases the soil DOC 

content. The OM content was positively correlated with the 

SMBC in the soil (Wu et al., 2005; Liu et al., 2010). Previous 

studies have shown that relay intercropping with Huai bean 

did not lead to an increase in the SMBC, but that other cover 

crops significantly increased the SMBC content, which was 

Table 7. Water storage in the 0-200 cm soil profile after harvesting of cover crop for different treatments in Shilipu 

village. 

Seeding rate 

(%) 

Cover crop 

Fallow (mm) Rapeseed (mm) Huai bean (mm) Mung bean (mm) Hairy vetch (mm) 

75  363.21 a 369.78 a 381.65 a 409.63 a 

100 350.79 a 364.97 a 379.41 a 385.33 a 

125 372.03 a 352.69 a 364.20 a 407.27 a 

150 374.17 a 362.47 a 368.18 a 390.99 a 

Average 392.26A 365.05 C 362.48 C 373.36 BC 398.31 A 
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consistent with the changes in the SOM content. Both 

rapeseed and Huai bean-wheat rotations had the greater DOC 

and SMBC contents, and relay intercropping with rapeseed 

formed more of these nutrients than other cover crops, 

probably because of the higher rapeseed biomass. Similar 

results have been concluded by Songjuan et al., (2018) who 

concluded that long-term planting of milk vetch and rape as 

cover crops increased the degree of aromaticity, humification 

and average molecular weight of DOM, and made the DOM 

more stable in red paddy soil.  

A variety of cropping patterns can be used for cover crops. 

They can be grown in intercropping, relay and multiple 

cropping systems (e.g., after the wheat harvest). Different 

types of cover crops and their cropping patterns have different 

effects on soil fertility. Intercropping of maize and soybean 

can effectively regulate the soil moisture, temperature, and 

physio-chemical properties, which is conducive to better 

nitrogen uptake by a crop and minimizes losses (Pandey and 

Pendleton, 1986). Intercropping wheat with chickpea can 

effectively increase the P content of the soil and alleviate soil 

P deficiencies (Betencourt et al., 2012). Multiple cropping of 

rapeseed in wheat stubble can result in the secretion of large 

amounts of organic acids into the soil from the rapeseed roots, 

which enhances the decomposition of insoluble phosphorus 

compounds, soil biological activity, degradation of the wheat 

stubble, and soil fertility improvement (Wang et al., 2014). In 

addition, intercropping may also have negative effects. For 

example, a study has shown that intercropping of peas and 

barley results in incomplete filling of the barley grain (i.e., 

hollow kernels) due to the effects of the peas shading the 

barley (Chapagain and Riseman, 2014). 

Species impact on soil properties: In the 0-100 cm soil 

profile, mineral N accumulation increased by 24.4% and 

21.4% through cultivation of Huai bean and hairy vetch, 

respectively, but cultivating rapeseed decreased the soil 

mineral N accumulation by 26.6% compared with the fallow 

treatment. Our results are in accordance with reported by 

(Zhang et al., 2016a), who found that after incorporation and 

decomposition for approximately two weeks effectively 

reduced the amount of chemical nitrogen fertilizer and 

improved the soil fertility. The storage of nitrate-N (0-200 

cm) for Huai bean was maximum (304 kg N/ha). The biomass 

of Huai bean decomposes rapidly after it is applied to the soil 

because of its low C:N ratio (<25:1), and the incorporated 

biomass can be an effective and rapid source of N, P, and K 

for crops. Recent studies conducted by Yao et al., (2019) 

found average total N input (LGM + wheat residue) across the 

4 synthetic N rates for Huai bean peaked at 176 kg ha−1 and 

was followed by soybean at 151 kg ha−1 and mung bean at 136 

kg ha−1. The average N returned to the field from Huai bean 

was 90 kg ha−1, a value significantly higher than that from 

soybean (62 kg ha−1) and mung bean (61 kg ha−1).  Cover 

crops enhance biological P cycling in the soil and improve the 

dissolution and bioavailability of insoluble phosphate 

(Cavigelli and Thien 2003; Kamh et al., 1999). In addition, 

rapeseed (Shen et al., 2005) can significantly activate 

insoluble P. In this study, soil P activation was greatest with 

rapeseed, with which the soil available P increased by 40%. 

Huai bean had the poorest activation effect, increasing 

available P by 12%. This finding suggests that the capacity 

for P activation is greater for cruciferous roots than for 

legumes.  

Because the biomass produced by rapeseed and Huai bean 

was higher than that produced by the other cover crops more 

soil water was consumed, resulting in relatively low soil water 

storage after the cover crop was harvested. This factor is a 

major issue associated with cultivating cover crop in arid 

areas (Li et al., 2009b). The difference in the soil moisture 

content associated with cultivating hairy vetch was not 

significant compared with the fallow treatment, possibly 

because hairy vetch produced less biomass than the other 

cover crops, or because its creeping habit during late growth 

may have helped with water retention.  

Cover crop generally have a considerable amount of 

aboveground and belowground biomass (Poeplau et al., 

2015). It is essential to select a cover crop with a high 

aboveground biomass production to conserve N and to 

estimate the need for supplemental N to meet the early 

growth requirements of succeeding crops.  In addition cover 

crops have a strong ability to establish a deep root system 

to facilitate nutrient uptake from the lower soil depths and 

absorb nutrients in the soil profile that are less available, 

thus helping to increase the concentration of plant nutrients 

in the surface soil layers (Fageria et al., 2005) and to deplete 

the inorganic N in the soil profile, preventing the 

environmental risks related to NO3
− leaching, and 

denitrification (Valkama et al., 2015). Furthermore, 

incorporating cover crop residues into the soil could not 

only transfer nutrients (e.g., N, P, and K) that are stored 

during the fallow period for subsequent crops (Vos et al., 

1998), but also promotes the decomposition of the 

indigenous soil organic N (Hood, 2001). Mineralized N 

from cover crop biomass is unlikely to be available until 

later in the growing season (Crandall et al., 2005). 

Density impact on soil properties: Legumes are often less 

competitive than cereal species and may require higher 

planting densities relative to cereals to achieve maximum 

benefits. Intraspecific competition plays an important role not 

just for sole, but also for intercrops. Willey and Osiru 

(1972) showed that for mixtures of phaseolus bean (Phaseolus 

vulgaris L.) and maize, intraspecific competition was more 

important than interspecific competition. Carr et al., (1998) 

tested three pea planting densities (40, 80, 120 seeds m−2) in 

intercrop combinations with various planting densities of 

barley and oat (93, 185, 278 seeds m−2) for forage production. 

Due to the high cereal densities, no significant dry matter or 

N yield benefits were observed as the intercrops were heavily 

dominated by the cereal component. In intercrop studies for 

https://www.sciencedirect.com/science/article/pii/S0378429006001572#bib35
https://www.sciencedirect.com/science/article/pii/S0378429006001572#bib35
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grain production, Izaurralde et al. (1990) tested three pea 

planting densities (25, 50, 75 plants m−2) with three barley 

planting densities (86, 172, 258 plants m−2). Grain, straw, and 

DM yields of intercropped mixtures increased with increasing 

the pea planting density. Different trends in the above studies 

may be related to the competitiveness of the species and 

varieties used in each study. In the dry lands of Guizhou 

province, common vetch (Vicia sativa) was found to increase 

the biomass with increasing cover crop planting density (Zuo 

et al., 2004). Our results revealed that cultivating mung bean, 

Huai bean and hairy vetch at 150% of the recommended 

planting density produced the highest biomass, demonstrating 

that the dry biomass of legume crops can be increased by 

increasing the planting density (Strydhorst et al., 2008). 

Rapeseed planted at 75% of the local recommended rate 

produced the highest biomass, indicating that rapeseed should 

be sown at a lower rate than it is sown at present. In drylands, 

the soil nutrient content and enzyme activity have a strong 

positive correlation with cover crop biomass when 

leguminous or rapeseed is grown after the winter wheat 

harvest and incorporated into the soil during the summer.  

 

Conclusions: The challenge of enhancing the food supply 

without using additional nutrients could be accomplished by 

maximizing the efficacy of crop rotation or intercropping as a 

means of delivering more crop production per unit of fertilizer 

applied. In drylands, the soil nutrient content and enzyme 

activity have a strong positive correlation with cover crop 

biomass when leguminous or rapeseed is grown after the 

winter wheat harvest and incorporated into the soil during the 

summer. The biomass can be regulated by changing the cover 

crop planting rate or the planting density. Cover crop-wheat 

rotation produces more biomass than relay intercropping, 

resulting in a higher soil nutrient content associated with 

cover crop-wheat rotation than with relay intercropping. Both 

rapeseed and Huai bean enhanced soil fertility relative to the 

traditional summer fallow treatment after two years. Our 

results suggest that using Huai bean or rapeseed as cover crop 

crops rotated with winter wheat is a viable option and an 

important alternative to the summer fallow treatment for 

improving soil properties and decreasing the application of N 

and P fertilizer. These findings will hopefully lead to the 

development of cover crop-based cropping systems by 

providing a theoretical basis and field management strategies 

and thus enhance agricultural productivity, environmental 

sustainability, and economic profitability not only in the 

Loess Plateau of China but also in other dryland regions 

worldwide. 
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