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In order to study the decomposition characteristics of returned rapeseed straw in the process of resource
utilization and the effect on soil fertility and crop yields, different treatments of soil with returned rapeseed
straw were conducted using the nylon net bag method of field trials. Different treatments include varied
amounts of straw, depths to be buried in soil, and addition of straw decomposing bacteria. The results
showed that the decomposition ratio of rapeseed straw increased with time and the decomposition rate of
rapeseed straw was faster in the first 30 days and then slowed down until the end of 120 days. Straw
decomposition rate was negatively correlated with the amounts of returned rapeseed straw. The decomposition
rate of rapeseed straw on the soil surface was faster than that buried 20cm below the soil surface, which is
also faster than that 10cm below the soil surface. Decomposition ratio of rapeseed straw with addition of
decomposing bacteria was higher than without decomposing bacteria. The returned straw improved the
physical and chemical properties of soil and increased the soil nutrient content and rice yields. The study
provided the basic parameters for controlling the rapeseed straw decomposition rate, which improved the
agricultural eco-environment.

INTRODUCTION
China produces about 7 × 1011 kg of straw annually, which
accounts for 30% of the production of the entire world
(Zhang 2008). About 97% of the straw is burned, stacked or
abandoned, which is a waste of resource and may bring negative impacts on many levels including environment and social economy (Michael 2008, Stewart 2005, Li 2008). Returning straw to the field is an effective measure to prevent
such wasteful disposal of straw, however, the inefficient
straw decomposition has been a constraining factor for strawreturning. Therefore, various studies have investigated how
to improve the efficiency of straw-returning and decomposition (Devevre 2000, Pal & Jat 2004, Curtin 2008, Bastian
& Bouziri 2009, Yao et al. 2011).
Rape of Crucifereae is an important oil crop in China. It
is widely planted across China, especially concentrating
along Yangtze River. The rapeseed area is about 7×106 ha
in China, accounting for more than 25% of the world’s total
output (Song et al. 2009, NBSC 2010). Such annual output
of 2×1010 kg of rapeseed straw containing rich nutrients of
N, P2O5, K2O (Zhang et al. 2006) and effective local reuse of
the rapeseed straw has huge potential to solve agricultural
problems. However, the very slow straw decomposition rate
is an important constraint of local reuse of the rapeseed straw,
because most places in China in the year are more than two
quarters or two quarters crop rotation; the time between the
before and after season crops is short, small proportion of

decomposition of the previous crop straw will affect the
normal sowing or growth of the next crop. So far, a few studies have investigated the process of straw decomposition.
The study by Li et al. (2009) revealed that the decomposing
rate of the rapeseed straw was fast in the beginning, and then
slowed down over time. The cumulative decomposing ratio
was 55.62% during the rice growth season, which lasts about
100 days. The study by Wu et al. (2011) also showed that
the decomposition rate of rapeseed straw was faster within
the first 30 days and then slowed down until the end of the
experiment. The cumulative decomposition ratio of rapeseed
straw was 50.88-61.06% after 90 days. However, there is no
report about the decomposition characteristics of returned
rapeseed straw in rice and rape rotation system.
We conducted different treatments of returned rapeseed
straw, such as various amounts of straw, different soil burial
depths, and addition of straw-decomposing bacteria, using
nylon bags method of field trials in rice and rape rotation
system. The objective of this research was to determine the
decomposition characteristics of returned rapeseed straw and
its effect on soil fertility and rice yield, and to provide the
basic parameters for controlling rapeseed straw decomposition
rate that could improve the agricultural eco-environment.
MATERIALS AND METHODS
Field experiment
A field experiment was conducted at agricultural test site of
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Anhui Agricultural University during January 2010-November 2011. The site of wavy plain terrain is located at 35°22
N and 117°152 E, at an altitude of 20m above the sea level.
The climate of the site is northern subtropical monsoon climate. The area receives an annual rainfall of 998 mm, about
42% of which occurs from June to August. The annual mean
temperature is 15.7°C. The mean minimum temperature in
January is 2.1°C, while the mean maximum temperature in
July is 28.9°C. The zonal soil type is yellow cinnamon soil.
The soil of experimental site has the characteristics of pH
6.35, clay loam in texture, bulk density 1.42 g.cm-3, organic
matter 17.05 g.kg-1, total nitrogen 1.22 g.kg-1, total phosphorus 0.39 g.kg-1, total potassium 16.45 g.kg-1, hydrolysable
nitrogen 99.19 mg.kg-1, effective phosphorus 7.50 mg.kg-1,
rapidly potassium 92.05 g.kg-1.
Rapeseed Straw Treatments
The experiment of different amounts of straw returned
to field: The experiment included four treatments of the returned rapeseed straw with the whole amount, 2/3 amount,
1/2 amount and 1/3 amount under rice cultivation condition. Rapeseed straw was crushed into 1cm long and was
put into nylon bags of 30cm long and 20cm wide. The nylon bags were buried in the paddy field of 10cm depth.
Every treatment had three replications. Rapeseed straw yield
is 7200 kg per hectare (10000 m2), so the whole amount, 2/
3 amount, 1/2 amount and 1/3 amount of per 10000 m2 are
respectively 7200 kg, 4800kg, 3600kg and 2400kg, and the
whole amount, 2/3 amount, 1/2 amount and 1/3 amount of
each nylon bag (60 cm2) are respectively 43.2 g, 28.8 g, 21.6
g and 14.4 g.
The experiment of straw returned to field in different
depths and straw with decomposing bacteria and without decomposing bacteria: There were six treatment groups
of returned rapeseed straw with different depths and addition of decomposing bacteria, (1) 0cm depth without decomposing bacteria, (2) 0cm depth with decomposing bacteria,
(3) 10cm depth without decomposing bacteria, (4) 10cm
depth with decomposing bacteria, (5) 20cm depth without
decomposing bacteria and (6) 20cm depth with decomposing bacteria under rice cultivation condition. Rapeseed straw
was crushed into 1cm long and 1/2 amount of straw (21.6 g)
was put into nylon bags of 30cm long and 20cm wide. The
nylon bags were buried in the paddy field. Decomposing
bacteria were produced by a company in Shanghai. Every
treatment had three replications.
The experiment of the effects of different amounts returned straw on soil fertility and crop yield: Five treatments groups of returned rapeseed straw of different amounts
were setup with (1) the whole amount (buried 10cm depth),

(2) 2/3 amount (buried 10cm depth), (3) 1/2 amount (buried
10cm depth), (4) 1/3 amount (buried 10cm depth) and (5)
comparison (without straw-returning) under rice cultivation
condition. Rapeseed straw was crushed into 10cm long and
was buried in the paddy field. Every treatment had three replication plots of 10 m2. The whole amount, 2/3 amount, 1/2
amount, 1/3 amount and comparison of each treatment (10
cm2) were respectively 7.2 kg, 4.8 kg, 3.6 kg , 2.4 kg and 0 kg.
The experiment of the effects of straw returned in different depths on soil fertility and crop yield: Four treatments
groups of straw returned in different depths were setup with
(1) 0cm depth (1/2 amount), (2) 10cm depth (1/2 amount),
(3) 20cm depth (1/2 amount) and (4) comparison (without
straw-returning) under rice cultivation condition. Rapeseed
straw was crushed into 10cm long and was buried in the
paddy field. Every treatment had three replication plots of
10 m2. The 1/2 amount and comparison of each treatment
(10 cm2) were respectively 3.6 kg and 0 kg.
Rapeseed straw was returned to field two days before
transplant of rice seedling. Rice was planted in May and harvested in September. As the field can receive natural rainfall
and irrigation water, paddy fields remain saturated and there
was always a layer of surface water.
Sampling and Analyses
Rapeseed straw samples from the field were collected for
dry weight measurement at 15d, 30d, 60d, 90d and 120d after straw-returning. Soil samples from the 0-20cm soil layer
in five locations in each plot were collected for determining
soil physical-chemical properties before the experiment and
after the experiment. Mature rice in each plot was harvested
to determine various rice productions.
Soil samples were analysed using conventional standard
methods (Bao 2000, FERCSP 2010) with soil bulk density
using ring sampler method, pH using glass-electrode method,
organic matter using elemental analyser method, water content using oven method, total nitrogen using semi-micro
Kjeldahl method, total phosphorus using sodium hydroxide
alkali fusion-molybdenum antimony colorimetric resistance
method, total potassium using sodium hydroxide alkali fusion-flame photometry method, hydrolysable nitrogen using alkaline hydrolysis diffusion method, effective phosphorus using NaHCO3 extraction-molybdenum antimony
colorimetric resistance method, and rapidly potassium using NH4OAc extraction-flame photometry method.
Calculation and Data Analysis
The amount of decomposition refers to the relative ratio of
decomposition, expressed as percentage of the straw decomposition, calculated as follows.
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half month to 3.03 (mg.g-1.d-1) in the fourth month. For the
smaller amount of returned straw, the change of straw decomposition rate is relatively high over the time. For example, the decomposition rate of the 1/3 amount straw changed
12.13 (mg·g-1·d-1) from 15.60 (mg.g-1.d-1) in the first half
month to 3.47 (mg.g-1.d-1) in the fourth month (Fig. 2).

S = 100 × (A – B)/A
In the formula, S represents rapeseed straw decomposition ratio (%); A represents initial straw weight at some stage
(g); B represents end straw weight at some stage (g). Decomposition rate was calculated as follows:
V = Y × (A – B)/(A × T)
In the formula, V represents rapeseed straw decomposition rate (mg.g-1.d-1); Y represents 1000 (mg.g-1); A represents initial straw quantity at certain stage (g); B represents
end straw quality at certain stage (g); T represents decomposition time (d).
Statistical analyses of the data were performed using
SPSS 13.0 and Microsoft Excel 2003.
RESULTS
Decomposition with different amounts of returned
rapeseed straw: Rapeseed straw with different treatments
had various decomposition rates while the decomposition
ratios had a cumulative increasing trend with time. The decomposition amount increased fast in the early stage, and
then slowed down (Fig. 1). The decomposition ratio was
about 30% at 30d and 50% at 90d after straw-returning. The
decomposition ratio of different amount of returned straw
was slightly different. The decomposition ratio was negatively correlated with the amount of returned straw (Fig. 1).
The decomposition ratios from Fig. 1 showed that the whole
amount < 2/3 amount < 1/2 amount < 1/3 amount.
Regarding the decomposition rate of different amounts
of returned rapeseed straw, we found that the decomposition ratio of the rapeseed straw was increasing, but the rate
of decomposition was constantly decreasing over time (Fig.
2). Generally, the maximal decomposition rate occurred in
the first half of the months with all the treatments of more
than 1.16%, of which decomposition rate of 1/3 amount even
reached 1.56%. The mean decomposition rate was more than
1.08% between 15-30 days, while the mean decomposition
rate was less than 0.35%. It is consistent with the general
observation of rape straw decomposition that straw in the
field decomposes faster in the early stage and then gradually
slowed down.
The straw decomposition rates with different amounts
of returned straw were different. The decomposition rate was
negatively correlated with the amount of returned straw. The
rate of the whole amount was < the rate of 2/3 amount < the
rate of 1/2 amount < the rate of 1/3 amount (Fig. 2). For the
large amount of returned straw, the change of straw decomposition rate is relatively small over time. For example, the
decomposition rate of the whole amount of straw only
changed 8.54 (mg.g-1.d-1), from 11.57 (mg.g-1.d-1) in the first

Decomposition under different straw burial depths: Regarding the decomposition ratio of returned rapeseed straw
under different burial depths, we found that depth influenced
the decomposition rate, and the decomposition ratios had a
cumulative increasing trend over time (Fig. 3). Rapeseed
straw decomposition rate of 0cm depths was the highest, followed by 20cm depth and 10cm depth for the first half month.
The decomposition ratios of the 0cm depth, 10cm depth and
20cm depth were respectively 46.30%, 36.76% and 45.37%
at 30d, while 72.69%, 60.28% and 68.53% at 120d (Fig. 3).
This observation suggested that decomposition ratio can be
related to soil, water and heat conditions.
Although the straw decomposition rates gradually reduced over time, the decomposition rates of returned straw
at different depths were slightly different (Fig. 4). Rapeseed
straw decomposition rate at 0cm depth was the highest, followed by 20cm depth, and then 10cm depth. The decomposition rates at the 0cm depths, 10cm depths and 20cm depths
were respectively 18.93 (mg.g-1.d-1), 11.81 (mg.g-1.d-1) and
13.15 (mg.g-1.d-1) between 15d and 30d, while 4.41 (mg.g1.
d-1), 3.39 (mg.g-1.d-1) and 4.27 (mg.g-1.d-1) at the fourth month
(Fig. 4). It shows that the surface of the straw decomposes
easily because of high temperature and the fluid water layer.
Therefore, considering the regulation of soil water and thermal conditions is an important aspect to control the rate of
straw decomposition. The change of straw decomposition
rate at 10cm depths was relatively small over the time, while
that of 20cm was higher. They decreased from 15.43 (mg.
g-1.d-1) and 21.30(mg.g-1.d-1) in the first half month to 3.39
(mg.g-1.d-1) and 4.34 (mg.g-1.d-1) in the fourth month, respectively (Fig. 4).
The effect of decomposing bacteria on straw decomposition: Regarding the influence of bacteria on straw decomposition ratio, we found that the decomposition ratios were
increased when decomposing bacteria were added into the
returned rapeseed straw under rice cultivation conditions
(Fig. 5). Decomposition ratios of rapeseed straw at the 0cm,
10cm and 20cm depths with decomposing bacteria were all
higher than without decomposing bacteria. The results also
showed that with the greater burial depth, the greater impact
of the decomposition bacteria was. Decomposition ratios of
rapeseed straw with bacteria at the 0cm depths, 10cm depths
and 20cm depths were 1.85%, 4.63% and 5.09% higher than
without bacteria at 120d (Fig. 5). The differences between
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with bacteria and without bacteria in ratios were gradually
increasing over time.
Regarding the influence of bacteria on straw decomposition rate, we found that the rapeseed straw under different
treatments (0cm, 10 cm, 20cm depths without bacteria and
with bacteria), all decomposed faster in the early stage and
slower later (Fig. 6). The decomposition rate reached even
more than 23.15 (mg.g-1.d-1) in the early stage, while it decreased to below 4.98 (mg.g-1.d-1) in the fourth month. The
decomposition rates with decomposing bacteria were always
higher than without decomposing bacteria. The effects of decomposing bacteria were more obvious at 20cm depth than
other depths (Fig. 6). Therefore, adding decomposing bacteria to straw is recommended in order to increase the straw
decomposition rate and to promote the formation of humus,
and also to reduce negative impacts on farmland because of
the slow straw decomposition.
The effect of straw-returning on soil properties: Regarding the effects of different amount of returned rapeseed straw
on soil properties, Table 1 showed that the returned rapeseed
straw changed several soil basic properties at 120d after
straw-returning. The more returned rapeseed straw, the more
obvious soil bulk density was reduced. Soil organic matter
showed similar results. Soil organic matter content of the
whole amount of returned straw was 20.13 g.kg-1, while the
control treatment was only 17.31 g.kg-1. The changes of total nitrogen, total phosphorus and total potassium content
increased with the amount of returned straw. The contents
of hydrolysable nitrogen, effective phosphorus, rapidly potassium were all increased, but the correlation was weak between the degree of increase and the amount of returned straw.
The more returned rapeseed straw, the more soil pH was reduced. The pH of control treatment, 1/3 amount, 1/2 amount,
2/3 amount and the whole amount was respectively 6.35,
6.30, 6.27, 6.25 and 6.15 at 120d after straw-returning
(Table 1).
Regarding the effects of different straw burial depths on
soil properties, we found that the soil bulk density of strawreturning at surface of field reduced more obviously than that
of the other two depths. Although the contents of soil organic
matter, N, P and K were all increased, the returned straw at
different depths showed different effects. The contents of soil
organic matter, N, P and K with returned straw at 10cm depth
increased most obviously (Table 2). Presumably because the
surface water of field flows freely and the nutrients at field
surface can be lost easily, the soil nutrient contents with returned straw at surface was improved only slightly. Because
the soil nutrients at 20cm depth can diffuse into the deeper
soil more easily, the soil nutrient content with returned straw
at 20cm depth was also improved slightly. Although the soil
Vol. 12, No. 3, 2013 • Nature Environment and Pollution Technology

nutrients in 10cm depth can also be dissolved into deeper soil,
most of it was still kept in soil between 10cm and 20cm depths.
At the same time, the soil nutrient output by straw-returning
at 10cm depths was less than that of surface, and the contents
of soil organic matter, N, P and K by straw-returning in 10cm
depth increased most significantly.
The effect of straw-returning on rice yield: The returned
rapeseed straw can increase rice yield (Table 3). Yields of
rice ranged from 7725 kg.ha-1 in control group to 9320
kg.ha-1 in 1/2 amount + 10cm depth treatment group. The
yields increased between 180 kg.ha-1 to 1635 kg.ha-1 under
different straw-returning treatments. The yield in 10cm depth
straw-returning treatment was lower than that of 20cm depth
and surface of field. The yield had positive correlation with
the amount of returned straw. The yields of the whole
amount, 2/3 amount, 1/2 amount, 1/3 amount and control
groups were respectively 8490 kg.ha-1, 8340 kg.ha-1, 8190
kg.ha-1, 7905 kg.ha-1 and 7725 kg.ha-1 (Table 3).
DISCUSSION
The decomposition amount increased fast in the early stage,
and then slowed down. This is consistent with another study
by Li (2009) which found that straw decomposed fast in the
early stage, then slowed down towards the end. However,
the decomposition difference of varied amounts of straw is
also discussed in the paper.
Rapeseed straw decomposition rate of 0cm depths was
the highest followed by 20cm depth and 10cm depth. This
is because water and heat conditions are different at different depths of soil. In the water saturation surface of paddy
field, rapeseed straw decomposition ratio was the highest
because of the high temperature in the summer, and the abundant microorganisms needed for decomposition. In 20cm
depths, the straw is close to rice roots which may have strong
microbial activity, but the ventilation conditions are relatively
poor and soil temperature is lower, which may explain the
lower decomposition ratio at 10cm depth. In 10cm depth, the
combination of water and heat is not as ideal and the microbial activity is weak, so decomposition ratio is the lowest.
The returned rapeseed straw changed several soil basic
properties. Similar to the results by Nie (2007) and Yang et
al. (2008) who also found that straw-returning improved soil
physical and chemical properties, the soil bulk density was
reduced and soil nutrient was increased relative to the control treatment. The paper also found that the more returned
rapeseed straw, the more change of soil physical and chemical properties.
CONCLUSIONS
In summary, we found that returned rapeseed straw
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Fig. 1: Decomposition ratios of different amounts of
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Fig. 3: Decomposition ratios under different straw burial depths.

decomposed faster in the early stage, and then slowed down
towards the end stage after straw-returning. Generally, the
decomposition ratio was about 50% at 90d. Rapeseed straw
decomposition rate is related to the amount of returned straw,
the depths of returned straw and decomposing bacteria. Straw
decomposition rate was negatively correlated with the
amount of returned rapeseed straw. Rapeseed straw
decomposition rate at 0cm depth was greater than that at
20cm depth, and at 20cm depth was greater than at 10cm
depth. Decomposition ratio of rapeseed straw with
decomposing bacteria was higher than without decomposing
bacteria. Moreover, returned rapeseed straw improved soil
physical and chemical properties at 120d after strawreturning, compared to the control. The soil bulk density was

15-30
30-60
60-90 90-120
Period after returning (d)

20cm depth with
decomposing bacteria

Fig. 6: Decomposition rates of returned rapeseed
straw under different treatments.

reduced, and the soil nutrient content was increased. The
rapeseed straw-returning can increase rice yield. In this study,
the rice yield increased between 180 kg.ha-1 to 1635 kg.ha-1
in straw-returning groups.
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Table 1: Effects of different amounts of returned rapeseed straw on soil properties.
Treatment

pH

Control
1/3 amount
1/2 amount
2/3 amount
Wholeamount

Bulk density Organic matter
(g.cm-3)
(g.kg-1)

6.35±0.02a 1.42±0.01a
6.30±0.02b 1.41±0.02ab
6.27±0.01c 1.39±0.01b
6.25±0.01c 1.39±0.01b
6.15±0.02d 1.37±0.01c

17.31±0.20d
18.06±0.23c
18.38±0.18c
19.21±0.68b
20.13±0.25a

Total N
(g.kg-1)

Total P
(g.kg-1)

1.23±0.02d
1.31±0.03c
1.42±0.05b
1.47±0.03b
1.53±0.05a

0.40±0.02c
0.42±0.02b
0.44±0.01b
0.47±0.02a
0.48±0.02a

Total K
(g.kg-1)

Hydro. N
(mg.kg-1)

17.15±0.62c 115.65±0.34c
17.87±0.21b 116.36±0.23c
18.12±0.40b 118.65±0.33b
18.97±0.21a 109.95±2.51ab
19.21±0.22a 121.34±1.26a

Effective P
(mg.kg-1)

Rapidly K
(mg.kg-1)

7.87±0.60c
7.91±0.25c
8.54±0.57b
8.65±0.04ab
9.21±0.19a

102.43±4.55d
113.34±6.70c
123.32±3.92b
124.54±7.09b
135.76±5.69a

Different small letters in the same column show significant difference at P=0.05 level according to Duncan test. The same form below.
Table 2: Effects of different depths of returned rapeseed straw on soil properties.
Treatment

Control
0cm depth
10cm depth
20cm depth

pH

6.35±0.02a
6.25±0.03b
6.27±0.01b
6.35±0.02a

Bulk density Organic matter
(g.cm-3)
(g.kg-1)
1.42±0.01a
1.35±0.02c
1.39±0.01b
1.42±0.02a

17.31±0.20b
18.32±0.58a
18.38±0.18a
17.52±0.44b

Total N
(g.kg-1)

Total P
(g.kg-1)

Total K
(g.kg-1)

Hydro. N
(mg.kg-1)

Effective P
(mg.kg-1)

Rapidly K
(mg.kg-1)

1.23±0.02b
1.45±0.03a
1.42±0.05a
1.24±0.03b

0.40±0.02b
0.41±0.02b
0.44±0.01a
0.41±0.02b

17.15±0.62b
17.98±0.33a
18.12±0.40a
17.16±0.09b

115.65±0.34b
114.35±0.58c
118.65±0.33a
114.73±0.52c

7.87±0.60b
7.91±0.11ab
8.54±0.57a
7.88±0.33b

102.43±4.55b
120.21±3.05a
123.32±3.92a
103.54±4.30b

Table 3: Effects of returned rape straw on rice yield.
The amount
of returning
1/2 amount
1/2 amount
1/2 amount
The whole amount
2/3 amount
1/2 amount
1/3 amount
Control (without straw)

Depths of
returning(cm)

Yield
(kg.ha-1)

0
10
20
10
10
10
10
-

9210±33Bb
8190±33Ee
9360±46Aa
8490±17Cc
8340±26Dd
8190±23Ee
7905±38Ff
7725±75Gg

Different capital and small letters show significant difference at P < 0.01
and P < 0.05 levels respectively.

Jingxia and DI Yunfei for the field experiment management
and sampling.
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