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Abstract In order to understand the effects of rapeseed planting as green manure on the growth and yield of rice cultivar ‘Qing 
xiang ruan geng’, a rapeseed cultivar ‘Huyou21’ were used as green manure returning to field at flowering stage. The results showed 
that the rice plant height and chlorophyll content increased under the treatment of rapeseed returning as green fertilizer, and also 
increased under 20% fertilizer reduction after rapeseed returning to field. With the amount of rapeseed returning increased, the rice 
yield and the yield-component traits including grains per panicle and productive panicles number increased, while the 1000-grain 
weight deceased, but there was no statistical difference. In addition, when the rapeseed returning amount was 22.5 t/hm2, the rice 
yield was increased significantly, and also increased under that condition with 20% fertilizer reduction. 
Keywords Rice; Rapeseed return to field; Yield; Growth 

The effect of applying chemical fertilizers on field ecosystems, such as soil structure destroying, fertility dropping, 
etc, is becoming a matter of concern in China with the extensive application of fertilizers. Green manure is a good 
biological fertilizer which returning to field could improve the physical and chemical nature of soil, provide 
natural fertilizer, increase yield and quality of latter-crops (Fu et al., 2009; Han et al., 2019). Rapeseed (Brassica 
napus L.) is one of the most important oil crops and it’s the mainly soil improving crop as green manure (Gu et al., 
2019). Research shows that rapeseed planting as green manure can increase fertilizer use efficiency and nutrient 
preserving capability of soil compared to Chinese vetch (Astragalus sinicus L.), which is benefit to the nutrient 
absorption and dry matter accumulation of latter-crop rice (Oryza sativa L.) (Gao et al., 2019; Gu et al., 2019). In 
addition, the glucosinolates in rapeseed were expected to be effective in suppressing harmful bacteria, spines and 
weeds growth, which had definite effect in overcoming the continuous cropping obstacle and increasing the 
resistance, yield and quality of rice (Handisenia et al., 2013; Gu et al., 2019). It is of great significance for 
building ecological agriculture system and raising yield when developing rapeseed planting to reduce winter bare 
fields. 

Rice is one of the most important crops in the world, while the soil structure destroyed obviously leading to rice 
grew poorly with its yield and quality decreased after applying sole chemical fertilizer for long term (Chen et al, 
2014). Previous studies show that green manure returning to field can improve paddy soils fertility, rice growth 
and yields (Xu et al., 2008; Wang et al., 2011; Chen et al., 2014). In order to understand the effects of rapeseed 
planting as green manure on the growth and yield of rice cultivar ‘Qing xiang ruan geng’, a rapeseed cultivar 
‘Huyou21’ were used as green manure returning to field at flowering stage. The test of green manure returning to 
field with fertilizer application reducing was carried out to clear the amount of rapeseed returned to provide the 
interest information for rapeseed planting as green manure. 
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1 Results and Analysis 
1.1 The effect of rapeseed returning to field on rice plant height 
The plant height of rice under the stress treatment increased from rice tillering stage (July 24) to heading stage 
(September 4), and the increasing tendency is clear and linear. The plant heights of all rice under the stress 
treatment after green manure returning to field were higher than that without green manure (CK). In addition, 
there was little difference of plant height between the treatment of rapeseed returning to field (T2) and the same 
treatment with 20% fertilizer reduction (T3) (Figure 1). The result illustrated that rapeseed planting as green 
manure can improve plant height of rice, and there was no obviously effect on plant height under 20% fertilizer 
reduction after rapeseed returning to field. 

 
Figure 1 Effects of rapeseed manuring on rice plant height 

1.2 The effect of rapeseed returning to field on rice leaf chlorophyll content 
The leaf chlorophyll content under the stress treatment after ‘Huyou21’ returning to field was higher than that 
without green manure (CK) from rice tillering stage. And there as very significant difference of the leaf 
chlorophyll content between green manure returning field treatments and control at tillering stage (July 24) and 
booting stage (August 21), while there was no significant difference in these treatments. In short, the leaf 
chlorophyll content showed T2（T3）>T1>CK as a whole from tillering stage (July 24) to heading stage (August 
28). The leaf chlorophyll content showed T1>T2（T3）>CK after heading period (September 4), but there was no 
significant difference in these treatments at rice heading stage (September 4 - September 11) (Figure 2; Table1). 
The results showed that the leaf chlorophyll content of rice was affected by the quantity of the rapeseed green 
manure returning to field at rice growth stage, and the leaf chlorophyll content improve with the increase of the 
green manure amount. 

 
Figure 2 Effects of rapeseed manuring on rice leaf chlorophyll content after tillering 
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Table 1 Comparison of rice leaf chlorophyll content under different treatments 

Treatment Leaf chlorophyll content at different stage (SPAD) 
Jul.24 Jul.31 Aug.7 Aug.14 Aug.21 Aug.28 Sep.4 Sep.11 Sep.18 

CK 41.1a 38.0 36.8a 37.1 37.5a 36.3a 38.1 38.4 36.1a 
T1 43.4b 39.2 38.1ab 38.1 39.9b 37.3ab 39.3 39.8 39.4b 
T2 43.9b 39.8 37.2a 37.2 40.3b 38.6b 38.7 39.3 38.1b 
T3 43.4b 39.7 38.9a 38.9 39.7b 37.9ab 38.4 39.1 39.5b 

Note: Values followed by the different letters within the same column are significantly different at P<0.05 

1.3 The effect of rapeseed returning to field on rice yield 
The seed-setting rate of rice was significantly different in various treatments, but there was no significant 
difference for other yield traits in these treatments (Table 2). And, taken as a whole, with the amount of rapeseed 
returning increased, the yield and the yield components (grains per panicle and productive panicles number) 
increased, while the 1000-grain weight deceased. From all treatments, the yield of T2 test was better than other 
tests. The yield of rice under T2 condition was 8360.6 kg/hm2, was 5.4% higher than that of rice under control 
(CK). The yield of rice under T1 condition comes second, 3.3% higher than that of CK. It indicates that the 
rapeseed planting as green manure can increase rice production effectively, which may be enhanced through the 
increased of rice grains per panicle and productive panicles number. In addition, compared to T2, the rice yield 
decreased 2.7% under that condition with 20% fertilizer reduction (T3), but the yield of rice under T3 still 
increased 2.6% than that of CK. The rice yield under T3 was 8133.1 kg/hm2, which was similar to that under T1 
condition (8194.4 kg/hm2). That means when the rapeseed returning amount was 22.5 t//hm2, the rice yield still 
increased under the same condition with 20% fertilizer reduction. 

Table 2 Effects of rapeseed manuring on ‘Qin xiang ruan geng’ yield 

Treatment Panicle length 
(cm) 

Grains per 
panicle 

Seed-setting rate 
(%) 

1000-grain weight 
(g) 

Productive panicles 
number (×106/hm2) 

Yield (kg/hm2) 

CK 11.9 97.8 95.2ab 29.2 2.9 7930.9 
T1 11.4 102.2 95.9a 29.0 3.0 8194.4 
T2 12.0 108.1 93.8c 27.9 3.1 8360.6 
T3 12.2 100.9 94.2bc 29.2 3.1 8133.1 
Note: Values followed by the different letters within the same column are significantly different at P<0.05 

2 Discussion 
Rapeseed returning to field as green manure can increase fertilizer use efficiency and nutrient preserving 
capability of soil, which is benefit to the nutrient absorption and dry matter accumulation of latter-crops (Gao et 
al., 2013; Li et al., 2019; Zhou et al., 2020). Such as Han et al. (2019) found that green manure rapeseed could 
significantly promote succeeding peanut mustard growth, nodules and plant dry weight. Wu et al. (2019) found 
the growth period of maize increased slightly with the enhancement of rape straw returning. Zhou et al. (2020) 
found that the amount of rapeseed returning was highly positively correlated with the succeeding rice yield and 
soil bacterial count. Chen et al. (2020) found that rapeseed returning to field as green manure could provide rich 
nutrients for rice growth and production, and also increased rice yield with less chemical fertilizers. 

‘Huyou21’ is a leading rapeseed variety in Shanghai, it is with characters of cold tolerance and high yield, and 
could be planted as green manure. In this study, we found that the ‘Huyou21’ was returned at flowering period 
could increase rice yield from the year the rapeseed planted as green manure, and the rate of the succeeding rice 
yield increased with the returning amount, which is consistent with previous studies (Gao et al., 2013; Chen et al., 
2014; Zhou et al., 2020). After ‘Huyou21’ returning to field, the succeeding rice plant height and the leaf 
chlorophyll content are improved markedly, and the grains per panicle and productive panicles number increased 
with the increased of rapeseed returning amount. It indicates that the rapeseed planting as green manure can 
increase rice production through the increased of rice grains per panicle and productive panicles number. Zhou et 



 
 

 
Molecular Plant Breeding 2021, Vol.12, No.37, 1-5 
http://genbreedpublisher.com/index.php/mpb 

 
 

4 

al. (2020) research showed that the suitable returning amount of ‘Huyou17’ was 15.0-22.5 t//hm2. After ‘Huyou17’ 
returning to field, the succeeding rice yield increased as well as the effects of soil fertility and ecological 
conservation brought into play (Zhou et al., 2020). When the returning amount of ‘Huyou21’ was 22.5 t//hm2 with 
20% fertilizer reduction, the succeeding rice yield was 2.6% higher than that of CK. Therefore, rapeseed planting 
as green manure in Shanghai has great significance in reducing fertilizer and improving production of rice. 

3 Materials and Methods 
3.1 Materials and location 
The study was performed on 2020 in Zhuanghang Experiment Station, Shanghai Academy of Agricultural 
Sciences. The test field was flat with medium fertility paddy soils. The physical and chemical properties of the soil 
were as follow: 7.5 of pH, 2.9% of organic content, 133.0 mg/kg of alkali - hydrolyzable nitrogen, 25.0 mg/kg of 
available phosphorus and 236.7 mg/kg of potassium in soil. The experimental rice cultivar ‘Qing xiang ruan geng’ 
was the main soft and late japonica rice with early-maturing in Shanghai. The experimental green manure cultivar 
was the main rapeseed ‘Huyou21’. Both of them were provided by Shanghai Academy of Agricultural Sciences. 

3.2 Methods 
The full rice seed of ‘Qing xiang ruan geng’ from the harvest year was sown by seedling mode May 30th, 2019 and 
seedling on June 23rd, reaping and yield testing on October 30th. During rice growing, the BB fertilizer (375 
kg/hm2, NPK16-16-16) as base stage fertilizing, urea (15 kg/hm2) as striking root fertilizer, and BB fertilizer (375 
kg/hm2, NPK16-16-16) as tillering fertilizer. The experiment of green manure returning to field was designed by 4 
processing, including non-green manure returning to field (CK), the rapeseed returning amount was 15 t/hm2 (T1), 
the rapeseed returning amount was 22.5 t/hm2 (T2) and the rapeseed returning amount was 22.5 t/hm2 with 20% 
fertilizer reduction (T3). The test was studied by randomizing block arrangement with 3 repeated times. The plot 
area was 15 m2. Other field management measures remained consistent. 

Referred to the experimental method of Wang et al. (2011), the rice plant traits were investigated through point 
sampling. We measured the dynamic changes of rice height from rice tillering stage (July 17th, 2019), where 10 
plants from each plot were randomly selected to take an average. Use the SPAD-502 chlorophyll meter (Minolta 
Camera Co. Ltd. Japan) to measure chlorophyll content of rice sword leaf, and 30 leaves were selected to take an 
average. In rice mature period, 10 representative plants from each plot were selected to measure the panicle length, 
grains per panicle, seed-setting rate, grain weight, etc. Then the rice actual production for each plot was measured 
after threshing. 

3.3 Data processing and analysis 
All traits data were ordered by Excel 2010, and calculated the average values, standard deviations, coefficient of 
variations, etc. Variance analysis and correlation analysis of each trait were analyzed by SAS9.2 software. 
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