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ABSTRACT 

 

The effects of intercropping row ratio and rotation on forage yield and quality of oat and common 

vetch were studied to understand the possibility intercrop advantages. Oat and common vetch were 

intercropped twice a year for three years in the field of Baicheng Academy of Agricultural Science in 

Jilin Province, China. The oat to common vetch intercropping rates expressed as the ratio of the 

numbers of rows were 0:1, 1:3, 1:2, 1:1, 2:1, 3:1 and 1:0. The intercropping advantage became 

significant over the years. In 2009 and 2010, intercrop sown at the row rate of 1:1, showed 97% and 

23% of forage yield increase mono-cropped common vetch; and 42% and 54%  increase compare to 

mono-cropped oat, respectively. Nitrogen yield of the intercrop was 24% and 20% lower than mono-

cropped common vetch in 2009 and 2010, but it was 79% and 93% higher than mono-cropped oat, 

respectively. Compared with mono-crop, intercropping presented positive effects on oat growth and 

dry matter accumulation, but negative effects on common vetch growth. Intercropping advantages 

exist when this positive effects surpluses the negative effects. Compared with continuous cropping, 

rotation has positive effects on oat. The effects of rotation on common vetch depended on soil nitrogen 

content. Higher soil N led to positive effects, while rotation on low soil N may inhibit common vetch 

growth. Intercropping oat with common vetch at row ratio of 1:1 under relatively low soil N content 

and rotation can produce the highest forage and N yield. 

 

Keywords: Intercropping, Rotation, Oat, Common Vetch.  

 

INTRODUCTION 

 

It is estimated that annual N2 fixation inputs from pasture and fodder legumes to soil are 

12-25 Tg (Herridge et al., 2008; Yong et al., 2017). The two ways to make full use of this 

property is to intercrop or rotate legumes with cereals, which had been practiced long before 

being scientifically studied. In the late 20
th

 century, as modern agriculture became 

industrialized, the difficulties of managing the intercropped plants mechanically, and the 

facilities in using chemical nitrogen fertilizer had caused a mass reduction of these practices 

(Anil et al., 1998). However, as the problem of nitrogen overuse and pollution arises in the 
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new system (Bijay-Singh et al., 1995; Broumand et al., 2010; Moradi et al., 2010; Soleymani 

and Shahrajabian, 2011; Soleymani and Shahrajabian, 2012; Shahrajabian et al., 2013; 

Soleymani et al., 2013), the practice of using the N2-fixing ability of legumes in intercropping 

and rotation to reduce the application of N fertilizer had drawn new attention (Stern, 1993). 

Intercropping is defined as the growth of two or more crop species simultaneously in the same 

field during a growing season (Soleymani et al., 2011; Soleymani and Shahrajabian, 2012; 

Soleymani et al., 2012), and crop rotation is the practice of growing different plant species 

sequentially on the same land (Karlen et al., 1994). The several advantages of intercropping 

include increased water and nutrition use efficiency (Sharma and Gupta, 2002; Walker and 

Ogindo, 2003), increased total crop yield (Bedoussac and Justes 2010a), better pest control 

and reduced risks of crop failure (Mariotti et al., 2009), or better weed control (Workayehu 

and Wortmann, 2011). Crop rotation has most of the above advantages and also effects on soil 

structure (Ball et al., 2005). The competitiveness of the intercropped plants are different. 

Usually cereals grow faster at early stages and are dominant in the intercrop (Jensen, 1996b; 

Sobkowicz, 2006; Bedoussac and Justes, 2010b). Over yielding of the intercrop may occur 

when competition between species is lower than within the same species. Different seeding 

rates of the intercrop may affect the competitiveness and growth of the crops (Kwabiah, 2005; 

Dhima et al., 2007; Shobeiri et al., 2010). Oat (Avena sativa L.) is the 4th largest forage crop 

in China and is receiving increased attention in recent years as land degradation and shortage 

of forage resources become serious. Combining the production of oat with common vetch 

(Vicia sativa L.) through intercropping and rotation is feasible, because as forage crops, they 

can be sown and harvested together without considering their different seed maturing time. 

The stem of oat may provide a support for common vetch and prevent its lodging, thus 

facilitate technical harvest (Waterer et al., 1994). In previous studies, the yield of oat-common 

vetch intercrop was less than oat mono-crop under different seeding ratios (Caballero et al., 

1995; Lithourgidis et al., 2006).  

The objectives of this study were: 1) to find out if there is yield advantage for intercropped 

oat and common vetch under different row ratios 2) to determine the effects of intercroping on 

growth of the species and 3) to assess the effect of rotation on crop production over the years. 

 

MATERIALA AND METHODS 

 

Soil and growing conditions 

 

A 3-year experiment was carried out in Baicheng Academy of Agricultural Sciences of 

Jilin province, China (45º37'N，122º48'E), during the growing seasons (April-October) of 

2008-2010. The experiment was established in a sandy loam soil (pH, 6.86, organic matter 

content  in 0-20cm depth 1.24%, total N 0.859 g kg
-1

), alkali-hydrolyzable N 66.6 mg kg
-1

, 

P（Olsen）14.2 mg kg
-1

 and K 71.8 mg kg
-1

). Weather data were recorded daily from nearby 

weather station and were reported as monthly mean values for the 3 years (Figure 1).  
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Figure 1. Monthly rainfall and mean air temperature during the 3 growing seasons of the experiment. 

 

Experimental design 

 

With oat being preceding crop, hulled oat (var. Baiyan.7) and common vetch (var. 333/A) 

were either mono-cropped or intercropped in 5 rates with a row-replacement design. Seeding 

rate of each rows were the same in monoculture and inter-crop planting. The intercropping 

ratio of oat to common vetch (expressed as ratio of the number of rows), sowing area 

proportion of oat, and seeding rate of the two crops in the 7 treatments are listed in Table 1.  

 
Table 1. Oat common vetch row ratio, sowing area proportion, seeding rate  

 

Treatments    T1 T2 T3 T4 T5 T6 T7 

Oat : common vetch 0：1 1：3 1：2 1：1 2：1 3：
1 

1：0 

Sowing area proportion of oat 0 0.25 0.33 0.50 0.67 0.75 1 

Oat seeding rate (kg ha-1) 0 43.8 58.3 87.5 116.7 131.

3 

175 

Common vetch seeding rate (kg ha-1) 150 112.5 100.1 75.0 50.0 37.5 0 

 

To make the greatest use of light and heat resources, crops were cultivated for two seasons 

a year, namely previous and following crop, each lasted from April to July and from July to 

October. The 7 treatments of the previous crop were arranged in randomized complete block 

design with 3 replications. In each 4m×12m plot, 12 rows of oat or common vetch were 

planted with 33cm row spacing. In July after the harvest of the previous crop, each plot were 

divided into two 4m×5.5m sub-plots and the following crop was sown. One sub-plot was 

continuously cropped with the same arrangement of the previous crop; while the other sub-

plot had a rotation treatment by planting oat to where the common vetch was planted in the 

previous crop and planting common vetch where oat was the previous crop. So the row ratio 

was also changed in the rotated sub-plot (e.g. 1:3 to 3:1, and 1:0 to 0:1, etc.).  

At sowing 25.9kg of P2O5 ha
-1

 and 17.2kg of K2O ha
-1

 were applied to the field. No N 

fertilizer was used. Irrigation was sufficient and unified cross all treatments with 

approximately 200mm per year. 
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Sampling and data 

 

No samples were collected during growth period of 2008. In 2009, the previous crop was 

sampled 3 times at jointing, heading and milk stages; and the following crop was sampled 2 

times at jointing and heading stages. In 2010, the previous crop was sampled at booting and 

milk stages, and the following crop was sampled at jointing and booting stages. A row of 50 

cm long of oat or common vetch was carefully dug out from the field with a shovel. Plants’ 

roots were washed and the number of plants and stems were counted. Ten plants were 

randomly selected to measure plant height. Plants’ shoot was oven-dried at 75℃ to constant 

weight and weighed. The dried plants were then milled to fine powder and the total N content 

was analyzed with Kjeldahl method. 

In the previous crop, oat was harvested at milk stage, while at the meantime common vetch 

was at podding stage. In the following crop, oat was harvested at heading stage, while the 

common vetch was at flowering stage. Two 1m
2
 areas in each plot were chosen to determine 

the fresh weight of the forage. Above ground fresh samples were collected and weighed 

separately for oat and common vetch. Some fresh samples were further oven-dried to measure 

water content. 

The growth situation of oat and common vetch was expressed as dry matter accumulation 

of each 50cm row, and the yield of mixed forage was expressed as the total dry weight per 

1m
2
, within which the seeding ratio of oat and common vetch was the same to each treatment. 

Analysis of variance was carried out on SAS software using the ANOVA procedure, Duncan's 

multiple range test p< 0.05 was used for mean comparisons. 

 

RESULTS 

 

Forage yield of the previous crop 

 

In 2008, the total forage yield increased with the sowing proportion of oat, and the highest 

yield (11.8t ha
-1

) was achieved by mono-cropped oat; common vetch accounts for little in the 

yield mixture. In 2009 and 2010 the highest yields (11.08 and 10.8t ha
-1

, respectively) were 

achieved by treatment 4 (T4, Oat: Common vetch row ratio 1:1), which was significantly 

higher than the yields of the two mono-crops (Figure1).  

From 2008 to 2010, the yield of mono-cropped oat showed a decreasing trend while the 

yield of mono-cropped common vetch increased. In the intercropped treatments, the 

proportion of the yield of common vetch in the total yield also increased through the years. 

Because no nitrogen fertilizer was applied during the experiment, this result may be explained 

as the effects of continuous cropping of cereals and legumes. As soil N was being consumed, 

the advantage of intercropping legumes with cereals became more prominent. The highest 

yields of 2008, 2009 and 2010 were 11.8, 11.08 and 10.8t ha
-1

, respectively, showing the 

stability of this intercropping system.  
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Figure 1.  Effects of different intercropping rates on yield of oat and common vetch of previous crop (t ha-1) 

 

Forage yield of the following crop 

 

Because the intercropping row ratio changed with rotate practice, it is important to note 

that the following comparisons of yield between rotated and continuous cropped plots are 

based on the same intercropping row ratio (eg. If a rotated plot’s row ratio was 1:3, then the 

continuous cropped plot that was comparable to it was also 1:3, not 3:1 which was its original 

ratio before rotation).  

For mono-cropped common vetch, rotation with oat decreased the yield significantly in 

2008 and 2010. For mono-cropped oat, rotate with common vetch increased the yield in 2009 

and 2010 (Figure 2). For the intercrop treatments, rotated T4(1:1), T5(2:1) and T6(3:1) 

yielded constantly higher than continuously cropped plots during 3 years. The sowing area 

proportion of common vetch in the previous crop of T4, T5 and T6 were higher than 50%, 

indicating a positive effect of common vetch as a previous crop to oats.  
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Figure 2. Effects of rotation on forage yield of the same intercropping rate (t ha-1) 

Columns of the same rotate treatment with the same letters are not significantly different at P<0.05. 
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Land equivalent ratio (LER) of the previous crop 

 

From 2008 to 2010, LER of the previous crop increased with year (Table 2). In 2008 T3 

hadthe highest LER (, 0.93) which was less than 1 and, indicating negative effects of 

intercroping on yield. In 2009 the highest LER (1.28) was achieved by T5, and in 2010 the 

highest LER (1.48) was found for T4, indicating the existence of intercropping advantage. 

  
Table 2. Effects of different intercropping row ratio on LER 

Treatm

ent* 
O:V     

2008 2009 2

010 

T2 1:3 0.66 1.03 1.

07 

T3 1:2 0.93 1.13 1.

27 

T4 1:1 0.78 1.24 1.

42 

T5 2:1 0.75 1.28 1.

18 

T6 3:1 0.82 0.95 1.

14 
                                   *Treatments are described in Table 1 
 

 

Nitrogen content and nitrogen yield of the previous crop 

 

Nitrogen content of common vetch was almost 2 times of oat, and intercropping did not  

significantly affected N content of either crops (Figure 3). Total N yield of the forage was 

mainly influenced by dry matter yield of the mixed forage. Because of its high N content, 

mono-cropped common vetch had the highest N yield and mono-cropped oat had the lowest, 

except for 2008 when forage yield of common vetch was very low.  

N yield of mono-cropped oat remained constant from 2008 to 2010, while N yield of 

mono-cropped vetch increased from 75.5 kg ha
-1

 to 258.1 kg ha
-1

. Intercropping with common 

vetch increased the N yield of the mixed forage. In 2010, N yield of T4 was 19.6% less than 

T1, and 92.7% more than T7; the proportion of common vetch in N yield of T4 is 38%. 

Unlike the case with forage yield that common vetch contributed to a proportion much less 

than its seeding row ratio, in the case of N yield common vetch contributed to a proportoin 

siminar to its seeding ratio in each treatment.  
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Figure 3. Effects of Intercropping rates on N content (g/kg) and N yield (kg ha-1) of previous crop 

Columns of the same treatment with the same letters are not significantly different at P<0.05. 

 

Dry matter accumulation 

 

Before the harvest time of the previous crop, dry matter accumulated by intercropped oat 

was significantly higher than mono-cropped oat (Figure 4). For 2009 and 2010, dry matter 

accumulation of oat increased as the proportion of common vetch in the intercrop increased, 

reached the peak at T3 (1:2), which had no significant differences with T2 (1:3) and T4 (1:1). 

In 2008 dry matter accumulation of oat in T4 was 20.5% higher than T7, and in 2009 and 

2010 T4 was 2.2 times of T7 (p<0.05).  

Accumulated dry matter in the following crop was less than previous crop, however the 

differences between treatments were smaller, which may be due to the lower temperature and 

slower growth rate of the following crop. For the same intercropping rate, rotated oat 

accumulated more dry matter than continuously cropped oat, but the difference was not 

significant.  
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Figure 4. Effects of Intercropping and rotation on dry matter accumulation of oat (kg/m) 

The same treatment with the same letters are not significantly different at P<0.05. 
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Unlike oat, the dry matter accumulation by common vetch in the previous crop was 

comparable with the following crop, showing that common vetch was more adapted to the 

light and temperature from July to October. Effects of intercropping and rotation on growth of 

common vetch was different in the 3 years (Figure 5). In 2008, the growth of common vetch 

was not adequate in all treatments, while intercropped as well as rotated common vetch 

showed a decrease in dry matter accumulation. For the previous crop in 2009 and 2010, dry 

matter accumulation by intercropped common vetch was less than mono-cropped T1. For the 

following crop in 2009, the effects of rotation differed at treatment T4. From T1 to T3, 

rotation increased dry matter accumulation; for T5 and T6 the continuously cropped vetch 

grew better. For the following crop in 2010, the rotated vetch grew better except for T1 and 

T2.  
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Figure 5. Effects of Intercropping and rotation on dry matter accumulation of Common vetch (kg/m) 

The same treatment with the same letters are not significantly different at P<0.05. 

 

 

Plant height 

 

Plant height of the previous crop of mono-cropped oat was the lowest among the 

treatments and also continuous cropping of the following crop in 2009 and 2010. Except for 

T2 and T3 in 2009, all rotated treatments in the two years had higher plant height than 

continuous cropped treatments with the same intercropping row ratio. Both intercropping and 

rotation had positive effects on plant height of oat. Plant height of common vetch had greater 

coefficient of variation and thus differences were not so evident. Generally intercropping and 

rotation both had positive effects on plant height of common vetch (Table 3).  

 

Branches and nodules of common vetch 

 

Generally, intercropped common vetch had less branches than mono-cropped ones. N 

significant differences for number of branches was found between rotated and continuously 

cropping. Changes of root nodules were not evident because of the great coefficient of 

variation in the analysis (Table 4). 
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Table 3. Effects of Intercropping ratio and rotation on plant height of oat and common vetch (cm) 

 

Treatments* 

 Oat    
Common 

vetch 
 

Previous  

crop 

Continuous 

following  

crop 

Rotated 

following  

Crop 

 
Previous 

crop 

Continuous 

following  

crop 

Rotated 

following  

crop 

2009        

0:1 — — —  107.0±11.9a 65.7±14.4b 73.4±7.9d 

1:3 111.0±9.4c 92.0±8.8ab 83.5±6.1c  106.0±11.1a 89.4±12.0a 80.2±19.5cd 

1:2 116.3±7.4b 94.5±4.4a 90.2±8.9b  91.5±21.2b 91.6±23.1a 89.9±12.9ab 

1:1 118.3±10.7b 95.5±10.4a 96.8±5.5a  106.0±14.2a 65.7±14.4b 87.1±16.6bc 

2:1 105.9±11.2c 84.9±12.3c 93.2±7.0b  71.6±24.6c 89.4±12.0a 89.2±16.0ab 

3:1 126.1±10.8a 88.1±5.9bc 90.5±6.6b  102.2±13.3a 91.6±23.1a 96.2±10.2a 

1:0 107.7±8.9c 73.7±6.3d 98.3±7.1a  — — — 

2010        

0:1 — — —  44.8±5.6c 31.6±3.9c 36.4±4.6b 

1:3 95.9±5.5bc 44.3±4.6b 46.7±6.1b  49.2±10.2ab 35.9±3.2b 37.1±4.6b 

1:2 105.6±6.8a 41.9±2.9c 48.8±4.2ab  49.6±7.7ab 38.3±2.2a 35.8±4.4bc 

1:1 98.6±5.7b 48.7±4.6a 49.5±4.2ab  52.8±8.3a 36.2±3.7b 40.3±4.4a 

2:1 88.1±10.9d 45.0±7.1b 51.4±8.0a  42.9±9.9c 37.1±5.2ab 40.1±3.9a 

3:1 92.3±7.9c 43.1±2.7bc 47.7±5.4b  46.5±4.4bc 35.9±3.6b 34.3±3.8c 

1:0 79.4±9.4e 39.2±4.1d 48.1±7.7ab  — — — 

*: Treatments are defined in Table 1. 

Means in the same column followed by the same letters are not significantly different at P<0.05. 

 

 

 
Table 4. Effects of intercropping and rotation on branches and nodules of Common vetch 

  Branches    Root nodules  

Treatment* 
Previous  

crop 

Continuous 

following  

crop 

Rotative 

following  

crop 

 
Previous  

crop 

Continuous 

following  

crop 

Rotative 

following  

crop 

2009        

0:1 2.0±1.2 a 2.4±1.0 a 3.3±1.6 a  12.8±8.5 a 4.4±9.5 a 1.8±2.5 b 

1:3 2.0±0.9 a 2.2±1.5 a 1.9±0.7 bc  12.4±15.0 a 2.9±5.1 a 0.8±2.1 b 

1:2 1.7±0.9 a 0.9±0.8 b 2.1±1.0 b  8.9±7.2 ab 1.0±2.5 a 4.3±4.9 a 

1:1 1.7±1.0 a 2.4±1.0 a 1.7±1.1 bc  8.3±9.3 ab 4.4±9.5 a 1.3±3.1 b 

2:1 1.6±1.0 a 2.2±1.5 a 1.3±1.0 c  5.9±3.8 b 2.9±5.1 a 1.7±3.2 b 

3:1 1.7±0.8 a 0.9±0.8 b 0.5±0.7 d  4.0±5.4 b 1.0±2.5 a 2.1±3.1 b 

2010        

0:1 1.9±0.6 ab 3.0±1.0 a 2.9±1.0 ab  12.0±1.6 cd 13.4±2.4 a 14.5±2.6 a 

1:3 1.8±0.9 b 2.4±0.9 ab 
2.8±0.9 

abc 
 12.8±1.8 ab 14.2±2.4 a 14.0±2.4 a 

1:2 2.0±0.8 ab 2.3±0.9 b 2.5±0.8 bc  13.3±1.3 a 13.6±2.6 a 13.7±2.2 a 

1:1 1.9±0.6 ab 2.4±0.9 ab 2.3±1.0 c  13.1±1.3 ab 13.1±2.3 a 14.6±2.1 a 

2:1 1.8±0.8 b 2.2±1.2 b 2.3±0.8 c  11.3±1.3 d 13.5±1.9 a 14.0±2.2 a 

3:1 2.3±0.7 a 2.5±1.2 ab 3.2±1.6 a  12.4±1.4 bc 13.1±2.5 a 14.7±2.0 a 

*: Treatments are defined in Table 1. 

Means in the same column followed by the same letters are not significantly different at P<0.05. 
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Soil N content after harvest 

 

Analysis of the soil N content after harvest of the following crop in 2010 showed that the 

effects of the treatments became evident after 6 times of harvest in 3 years. T4(1:1) and 

T5(1:2) treatments had the highest soil N content while T7 had the lowest, and the differences 

were significant (P<0.05). Soil N content of the rotated treatments were slightly higher than 

continuous cropped ones, and the difference was significant for T7 (P<0.05). This gives direct 

evidence for the positive effects of intercropping and rotation of oat and common vetch on 

soil fertility (Figure 6).  

 

2010年收获后土壤含氮量(g/kg)

0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

1.30

0:1 1:3 1:2 1:1 2:1 3:1 1:0

continuous cropped

rotative cropped

 
Figure 6. Effects of Intercropping and rotation on soil total N content (g/kg) after 2010 harvest. 

 

 

DISCUSSION 

 

Forage yield and quality 

 

Except for 2008, for the previous crop of 2009 and 2010 the mixed forage yielded higher 

than mono-cropped oat. Among the intercropping rates T4 yielded the highest, so that in 2009 

and 2010 it was 33% and 47% higher than T7, and 66% and 29% higher than T1, respectively. 

For nitrogen yield of the mixed forage, except for 2008, the intercropped treatments yielded 

higher than mono-cropped oat. In 2010, the nitrogen yield of T4 was 19.6% lower than T1, 

and 92.7% higher than T7. Because 2008 was the first year of the study and the soil fertility 

was relatively high, the well-established oat greatly influenced common vetch growth. In 

2009 and 2010, as soil N decreased, the intercropping advantage became evident, and the 

forage and nitrogen yield of mixed forage became higher than mono-cropped oat. The dry 

matter accumulation and plant height of intercropped oat was higher than mono-cropped oat, 

indicating positive effects of intercropping. On the contrary, the dry matter accumulation and  

numbers of branches were decreased for intercropped common vetch, indicating the overall 

effects of intercropping on common vetch was negative although plant height was increased. 

The yield of the mixed forage was affected by the combined effects of intercropping on oat 

(positive) and common vetch (negative). In T4 treatments for example, dry matter 
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accumulations of mono-cropped oat in 2009 and 2010 were 0.28 and 0.24kg/m, and for 

common vetch were 0.22 and 0.28kg/m and was very close to oat. When intercropped, dry 

matter accumulation of oat was increased by 220% in both days and that of common vetch 

was decreased by 40% and 34%. The yield data of mono-cropped crops were similar, thus 

when intercropped, with much higher increase of oat yield than the decrease yield of common 

vetch, the overall yield of the mixture was higher than either mono-cropped crops. 

The positive effects of intercropping on oat may be due to the results of improved light 

interception, reduced water competition, and transferred nitrogen from common vetch to oat 

or released competition of nitrogen. Light plays an important role in intercrop advantage 

(Szumigalski and Van Acker, 2008; Zhang et al., 2008); when intercropped with durum 

wheat, the growth rate of pea was slower than mono-cropped ones because of shading effects 

(Bedoussac and Justes, 2010b), and when maize was intercropped with cowpea, 

photosynthetically active radiation (PAR) of maize was increased and cowpea was shaded and 

decreased in crude protein content (Eskandari et al., 2009; Ghanbari et al., 2010), and peanut 

intercropped with maize decreased in yield because of less received light (Awal et al., 2006). 

A study on intercropping of barley and pea showed that barley had stronger competitiveness 

than pea (Jensen, 1996a), which may be the results of the deeper and faster root development 

of barley (Hauggaard-Nielsen et al., 2001). For legumes, intercropping with cereals may 

enhance its nitrogen-fixing rate (Danso et al., 1987; Sangakkara, 1994; Hauggaard-Nielsen et 

al., 2009), thus alleviate the competition of soil nitrogen. 

 

Forage yield and quality 

 

There were three intercropping treatments that yielded higher for the rotated plots in the 3 

years:T4, T5 and T6, in which oat held for more than 50% of the sowing area proportion. On 

the contrary, in their previous crop common vetch accounted for more than 50% in the row 

ratio. This clearly showed the positive effect of common vetch as the previous crop on oat as 

the following crop. This may be the results of increased input of nitrogen into the soil by crop 

residue (Patra et al., 1987),or improved soil nitrogen balance (Adu-Gyamfi et al., 2007). 

The dry matter accumulation and plant height of rotated common vetch differed in the 

three years. The effect of oat as a previous crop to following common vetch may be different. 

The decreased of soil nitrogen may alleviate the inhibitory effect of nitrogen on symbiotic N2 

fixation (Li et al., 2009), thus enhance the growth of common vetch, which may be the case of 

2009. If the soil nitrogen continue to decrease to an extent that early establishment of 

common vetch is affected, then the growth and nitrogen fixation may also be reduced (Van 

Kessel and Hartley, 2000), which may be the case of 2010. 

 

Interspecific competition and intercropping advantage 

 

The highest yield of the previous crop in 2008, 2009 and 2010 were 11.8 t ha
-1

, 11.1t ha
-1

, 

and 10.8 t ha
-1

, respectively. Comparing with the yield decrease of mono-cropped oat in the 

three years, intercropping system had relatively steady yield performance under the condition 
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of low nitrogen input over years.  

Oat and other cereals had higher interspecific competitiveness with sufficient soil nitrogen 

supply (Bedoussac and Justes, 2010b). This may explain the low yield of common vetch in 

2008, and the result of lower yield of intercrop to mono-cropped cereals (Lithourgidis et al., 

2007). When soil nitrogen was lower in 2009 and 2010, the competitiveness and yield of 

common vetch increased, and the yield of intercrop surpluses mono-cropped oat.  

Better intercropping advantage can be achieved under low soil nitrogen condition, as 

verified by the increase of the highest land equivalent ratio of the intercrop in the three year 

from 0.93,1.28 to 1.42. LER of other studies are mostly around 1.3 (Bulson et al., 1997; 

Hauggaard and Nielsen et al., 2009; Li et al., 2009). 

 

CONCLUSION 

 

The intercropping advantage of oat and common vetch became significant over the years. 

Intercroping with sowing  row ratio of 1:1. In 2009 and 2010, the forage yield of the intercrop 

was 97% and 23% higher than mono-cropped common vetch, and 42% and 54% higher than 

mono-cropped oat. In 2009 and 2010 the nitrogen yield of the intercrop was 24% and 20% 

lower than mono-cropped common vetch, but 79% and 93% higher than mono-cropped oat. 

Compared to mono-crop, intercropping had positive effects on growth and dry matter 

accumulation of oat, but negative effects on common vetch. Intercropping advantage exist 

when positive effects surpluses the negative effect. Compared with continuous cropping, 

rotation had positive effects on oat. The effects of rotation on common vetch depends on soil 

nitrogen content. Higher soil N may lead to positive effects, while rotation on low soil N may 

inhibit the growth of common vetch. Intercropping oat with common vetch at row ratio of 1:1 

under relatively low soil N content and rotation can produce the highest forage and N yield.  
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