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ABSTRACT 
 
In view of the problems of low straw decomposition rates and reduced soil fertility in southern Liaoning, 
China. Using nylon mesh bags method, the decomposition rules of cellulose, hemicellulose and lignin in 
straw and straws and the dynamic changes of soil organic carbon (SOC), soil microbial biomass carbon 
(MBC) and soil dissolved organic carbon (DOC) contents were analyzed after 15, 35, 55, 75, 95, 145 
and 365 days of returning. At 365 days after return to the field, rotating tillage + straw decomposing 
agent(refer to decomposer)(RT+S) was the most favorable for straw decomposition and its components, 
straw decomposition proportion reached 73.25%, and the decomposition proportion of lignin, cellulose 
and hemicellulose were the highest, being 35.49%, 84.23% and 85.50%, respectively. DOC content in 
RT+S treatment was higher than in other treatments at each stage, SOC content reached 18.02 g·kg-1 
at 145d, which was higher than other treatments. The improvement effect of deep turning + deep rotary 
tillage + straw decomposing agent (PT+S) treatment on microbial biomass carbon (MBC) was the best, 
followed by RT+S treatment. Our results suggest that the straw and its organic components 
decomposition proportion could be increased by adding straw decomposing agent, the straw 
decomposition proportion and the SOC content of various forms were significantly increased with the 
RT+S treatment. 
 
Introduction 

The total amount of straw in China is large, and the annual output has exceeded 900 million tons1. 
With inappropriate disposal of agricultural waste presenting a major threat to the environment2. Crop 
straw burning has numerous detrimental effects on soil and air quality3. Straw is an important biomass 
resource and should be used rationally. Returning straw to the field is important for soil fertilization4, as 
it not only improves soil structure, but also soil organic carbon storage5,6. It is well known that straw 
incorporation is beneficial to the concentration and storage of SOC7, while nutrient availability in the soil, 
conversely, influences the straw decomposition rate8.Tillage methods, air temperature, and precipitation 
affect soil temperature, moisture, porosity and microbial activity9-11, and these affect crop straw soil 
decomposition and nutrient changes, and ultimately, soil fertility12. Soil temperature and moisture 
especially, have been identified as key environmental factors regulating soil organic matter and straw 
decomposition13-16. Returning straw to the field under different tillage methods leads to different soil layer 
ranges, and environmental temperature and straw moisture status, which affects straw decomposition 
processes and forms of soil organic carbon17. Presently, there are two main ways of returning straw to the 
field: mulching and burying. No-tillage mulching has the least soil disturbance, and increasing crop 
residue could reduce soil erosion18-20. However, straw decomposition rate when placed on the soil surface 
is lower than when buried in the soil21,22. Under the condition of straw burying, the decomposition process 
is different due to different straw depth23. Studies have shown that, in no tillage straw returning treatment, 
straw was exposed to the air, lack of full contact with soil and water, low microbial activity and low 



decomposition intensity of straw. Rotary tillage straw returning treatment, straw and soil fully mixed, soil 
ventilation and water permeability is good, 0-20 cm temperature is higher than no tillage mulch, which is 
conducive to soil microbial decomposition of straw, thus promoting the decomposition of straw24.  

To promote straw decay and ensure normal production of the next crop, a straw decomposing agent 
is sometimes applied. A straw decomposition agent is a type of microbial agent composed of a variety of 
microbial communities, which can accelerate degradation through the catabolism of fungi, bacteria and 
actinomycetes to decompose cellulose hemicellulose and lignin into small molecular organic compounds 
and minerals25. The agent can prevent or reduce the adverse effect of excessive straw retention on crop 
growth, thus stabilizing and increasing soil nutrient content and significantly increasing straw 
decomposition rate26. 

Presently, there are many reports on the effects of tillage methods on straw decomposition and soil 
fertility indexes, but few on decomposition characteristics of straw organic components and the dynamic 
changes of different forms of soil organic carbon under different straw return methods combined with a 
decomposing agent. Therefore, we studied: (1) influences of return methods and decomposition agent on 
decomposition characteristics of straw and its components and the dynamic changes of soil organic carbon 
content , and (2) regulation of straw decomposition rules, to provide a reference for the rational utilization 
of local straw. 
 
Materials and methods 
Site Description.  The experimental was conducted in Gengzhuang Town, Haicheng(40°48´ N，122°
37´ E), Liaoning Province from 2019 to 2020. This area is belonged to the conti-nental monsoon climate 
zone of warm temperate zone, the annual average tempera-ture is above 10 ℃, the annual accumulated 
temperature is 3 000-3 100 ℃, the frost-free period is about 170 days, and the annual rainfall is 600-800 
mm. The soil type is brown soil. Before the experiment, the concentration of soil organic matter, total ni-
trogen, available nitrogen, available phosphorus, available potassium, and soil bulk density in 0-20cm 
surface layer were 12.01 g·kg-1, 0.89 g·kg-1, 129.6 mg·kg-1, 25.96 mg·kg-1, 117.94 mg·kg-1, and 1.53 
g·cm-3, respectively. The components and nutrient contents of corn straw were shown in Table 1, The 
average temperature and precipita-tion from May 2019 to May 2020 are shown in Figure 1. 

 
Figure 1. Daily precipitation and mean air temperature during the straw decomposition period from May 
2019 to May 2020. 
 

Table 1. Initial component content of corn straw. 
Cellulose % Hemicellulose % Lignin % C % N % P % K % 

32.14 34.37 10.25 36.90 0.92 0.22 0.86 



Experimental design and management.  We adopted a split plot design, with the main plot as the 
cultivation method, and with three cultivation options: no-tillage, deep turning + deep rotary tillage and 
rotary tillage. Then, when adding straw as a decomposing agent, two methods were used: adding straw 
decomposing agent and not adding it. Our experimental approach included six treatments: No-tillage 
mulching and straw return to the field + straw decomposing agent; no-tillage mulching and straw return 
to the field + no straw decomposing agent; rotating tillage and straw return to the field + straw 
decomposing agent; rotating tillage and straw return to the field + no straw decomposing agent; deep 
turning + deep rotary tillage and straw return to the field + straw decomposing agent; and deep turning + 
deep rotary tillage and straw return to the field + no straw decomposing agent. Each treatment was 
replicated 3 times, located in random blocks, with a total plot area of 68.4 m2. At the same time as the 
previous year's corn harvest, straw was returned to the field, crushed to about 10 cm long, spread evenly 
on the ground. No-tillage mulching and straw return to the field is the direct no-tillage maize sowing 
operation in spring; in deep turning + deep rotary tillage treatment, deep turning is used to loosen the soil 
to a depth of 35 cm, and then the straw is mixed into the soil through deep rotary tillage (a depth of 30 
cm); and rotating tillage involves mixing straw into the soil with a rotary tiller to a depth of 20 cm and 
then raking it flat. 

Using the nylon net bag method (mesh bags were 5 cm × 6 cm, small; 15 cm × 20 cm, medium; and 
large, 25 cm × 35 cm; each size with an aperture of 100 mesh), we simulated three return modes. Soil 
added to the net bags was taken from the top 0-20 cm prior to sowing in 2019, in the corresponding plots 
of each treatment. Corn stalks were added at a ratio of 5:4 per stem and leaf (dry weight of stem and leaf 
of corn stalks in mature stage), and crushed to 2 cm long. In no-tillage treatment, 10 g straw was added 
to the medium mesh bag, in the rotary tillage and deep turning + deep rotary tillage treatment, 10 g straw 
was evenly divided into five parts and put into five small net bags, then the five small net bags were 
evenly mixed into the soil of the outer large net bag and sealed, and the compactness between the inner 
net bag and the soil in the outer net bag was adjusted. 

Net bag layout was determined according to different treatment tillage patterns, and bags were placed 
in the field on seeding day in 2019. Deep turning + deep rotary tillage was achieved by ploughing furrows 
30 cm long, 15 cm wide, and 35 cm deep between corn rows in corresponding plots, large net bags were 
buried vertically in the furrows, filled with soil and compacted, so that return depth and straw distribution 
were basically the same as deep turning + deep rotary tillage in the field. Rotating tillage was achieved 
by ploughing furrows 30 cm long, 15 cm wide, and 20 cm deep between corn rows in the corresponding 
treatment plot, the packed net bags were tilted in the furrows, filled with soil and moderately compacted, 
the top end of the net bags was level with the ground surface, which is basically consistent with the return 
depth of rotary tillage and straw distribution in actual field production. No-tillage mulching treatments 
involved laying the net bags containing straw on the ground and covering the four corners with soil to 
prevent the net bag from being blown away by the wind. The decomposing agent addition treatments 
involved evenly spraying c. 6.5 ml straw decomposing agent on the straw surface before bagging. 
In all treatments we applied the same amount of N, P and K (N 240 kg·hm-2, P2O5 74 kg·hm-2 and K2O 
89 kg·hm-2). The nitrogen fertilizer was urea, the phosphate fertilizer superphosphate, and the potassium 
fertilizer, potassium chloride. The brand of straw decomposition agent is Gainby and the model number 
is d-68 (created by NORDOX company and produced by Beijing Shifang Biotechnology Co., Ltd.). Straw 
decomposing agent dosage was 1.5 kg·hm-2, diluted with water 100 times, and the effective viable bacteria 
number was ≥ 50 million·g-1. 
 
Sampling and Analysis Methods.  On the 15th, 35th, 55th, 75th, 95th, 145th and 365th day after the 
nylon net bags were placed in the field plots, 3 bags were randomly sampled from each plot. For each net 
bag, we first washed the surface soil off with tap water, then washed the sample with distilled water 3 
times, dried it at 60℃, weighed it and then ground it to deter-mine the decomposition rate of straw and 
its components. At the same time, 200 g of soil from each soil bag was taken for the determination of soil 
SOC, MBC and DOC. Content of cellulose, hemicellulose and lignin in straw were determined following 



Van’s method27, using a SLQ-6A semi-automatic crude fiber analyzer (Shanghai Fiber Testing Instrument 
Co., Ltd.).  

The following formula was used to calculate decomposition rate of straw and its components. M0 is 
the initial straw or cellulose (hemicellulose, lignin) mass, g, and Mt is the straw or cellulose (hemicellulose, 
lignin) mass at time t, g. 

 
Decomposition proportion (%) =M 0 - M t

M 0  ×100                                           (1) 

The following formula was used to calculate the straw carbon release proportion. C0 is the initial straw 
carbon content, g, Ct is the straw carbon content at time t, g. 
 
Straw carbon release proportion (%) = C 0 - C t

C 0  ×100                                      (2) 

The following formula was used to calculate the straw and its components decomposition rate. M365 is 
the quality of straw or cellulose (hemicellulose, lignin) mass on the 365th day, mg·d-1. 
 
Decomposition rate (mg·d-1) = M 0 - M365

365
                                                 (3) 

The relationship of the straw decomposition proportion(%) changes over time was fitted as follows: 
 
yt = a+b×exp (-kt)                                                                  (4) 

where yt is the proportion of the straw decomposition proportion at time t, %; t is the decomposition time 
of straw; k is the decomposition rate constant calculated using the least-squares method; a and b are 
constants. 

SOC concentrations (g·kg-1) was determined using the K2Cr2O7 - H2SO4 digestion method28. Soil 
MBC content was determined using the Chloroform fumigation extraction method29. Two fresh soil 
samples were weighed, and then one of them was placed in a vacuum dryer with chloroform added, and 
pumped until the chloroform boiled violently, and after a period of time, the dryer cover was opened, the 
container containing chloroform removed, and the lid replaced. Another portion of soil was placed in a 
vacuum dryer without chloroform as a control. Then, 20 g each of fumigated and unfumigated soil 
samples were weighed, 50 mL 0.5 mg·L-1 K2SO4 was added, extracted by vibration for 0.5 h, filtrate was 
pumped by 0.45 μm organic filter membrane, and then the filtrate was directly analyzed and detected 
using a TOC organic carbon analyzer. Based on the difference of organic C content between fumigated 
and unfumigated soil extracts, the microbial biomass carbon was obtained by multiplying the coefficient 
by 2.64. For the determination of soil DOC content, we used a slightly modified method of Jones 30 and 
Hu Haiqing 31. We made a leaching solution with 0.5 mol·L K2SO4, weighed 10 g over 2 mm sieve of air 
dried soil, added the soil to the leaching solution to create a soil mass ratio of 2.5:1, and then applied a 
shock temperature for 1 h (220 r·min-1). Then, after filtering, the filtrate was centrifuged for 20 min (3800 
r·min-1), filtered with a 0.45 μm organic membrane, and the filtrate subjected to TOC organic carbon 
analysis meter tests. 
 
Data analysis.  In this experiment, Excel 2016 (Microsoft Corporation, New Mexico, USA) software 
was used to collate and analyze the data, and SPSS 19.0 (SPSS Inc., Chicago, Illinois, USA) statistical 
software was used to conduct variance analysis, LSD multiple analysis comparison and nonlinear 
regression analysis on the data. Duncan’s multiple range test was used to compare the treatment means at 
a 95% confidence level. Graphs were drawn using Origin 9.0 (Originlab, Northampton, USA). 
 



Results 
Decomposition of straw and its components.  From May to September 2019, the temperature and 
rainfall were higher, than from September 2019 to May 2020 (Fig. 1), and under the influence of 
temperature and moisture, the straw decomposition proportion in the early period was higher (0-95 days, 
11.35-62.70%), while at the late stage it was lower (95-356 days, 42.35-73.25%, Fig. 2a). The 
decomposition proportion of straw and its organic components were higher for tillage than no-tillage 
mulching (Table 2). Moreover, decomposition proportion for rotary tillage was higher than deep turning 
+ deep rotary tillage. At 365 days, the straw decomposition proportion under no-tillage mulching was 
50.25-52.35%, under deep turning + deep rotary tillage 61.90-66.90%, and under rotary tillage 70.55-
73.25% treatments, respectively.  

The first-order kinetic curve was used to fit the straw decomposition decomposition line chart (Fig. 
2b), it was found that the fitting degree of each treatment was good. It took 291.5 days, 148 days, 90.3 
days, 74 days, 64.5 days and 60.4 days for NT, NT+S, PT, PT+S, RT and RT+S to decompose the straw 
to 50%, respectively.  

Under the same tillage method, the addition of decomposing agent promoted straw decomposition 
over the entire experiment, but its influence did not exceed the influence of tillage. The decomposition of 
cellulose, hemicellulose, and lignin in the straw was consistent with that of the straw, and straw 
decomposition proportion under deep turning + deep rotary tillage and rotary tillage was higher than that 
under no-tillage mulching. Under the same tillage pattern, the decomposition proportion of straw organic 
components treated with decomposition agent was significantly higher than that without it. At 365d, the 
lignin decomposition proportion was lower than that of cellulose and hemicellulose. The decomposition 
proportion of lignin, cellulose and hemicellulose were 27.14-36.89%, 56.56-85.53% and 64.17-86.50%, 
respectively. The straw and cellulose and hemicellulose decomposition proportion under rotary tillage 
and deep turning + deep rotary tillage were higher than those under no-tillage mulching (Table 2, Fig. 3). 

  
Figure 2. a, Straw decomposition proportion original curve; b, Fitting curve by using the first order 
dynamic equation. NT = no-tillage mulching and straw return to the field + no straw decomposing 
agent; NT+S = no-tillage mulching and straw return to the field + straw decomposing agent; PT = deep 
turning + deep rotary tillage + no straw decomposing agent; PT+S = deep turning + deep rotary tillage 
+ straw decomposing agent; RT = rotating tillage + no straw decomposing agent; RT+S = rotating 
tillage + straw decomposing agent. The same below. 
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Figure 3. a, b, c are the circular barplots of the decomposition proportion of cellulose, hemicellulose 
and lignin in straw at 15, 35, 55, 75, 95, 145 and 365 days. 
 
Straw carbon release.  Trends in straw carbon release proportion and straw decomposition 
proportion were basically the same, being initially fast, and slow in later stages. Average carbon release 
proportion of straw under rotary tillage mode was higher than under the other two tillage treatments. 
Carbon release rates of straw between the three treatments was as follows: rotary tillage > deep turning 
+ deep rotary tillage > no-tillage (Table 2). At 365 days, the carbon release proportion of each treated 
straw was 49.44-71.05%. For the same return method, adding straw decomposition agent promoted 
carbon release. RT+S treatment had the highest proportion of straw carbon release in each time period 
among different return methods (Fig. 4a) 

First-order dynamics curve was used to fit the straw carbon release proportion line chart(Fig. 4b). 
The time for NT+S, PT, PT+S, RT and RT+S treatments to release 50% of straw carbon was 152 days, 
93 days, 73.7 days, 59 days and 58.8 days, respectively. It is worth mentioning that the straw carbon 
release proportion of NT treatment did not reach 50% within 365 days. 



 
Figure 4. a, Straw carbon release proportion original curve; b, Fitting curve by using the first order 
dynamic equation. 
 
Table 2. Straw decomposition and carbon release rates under different return methods. F: Methods of 
returning farmland; Tr: processing. Different letters after the mean indicate a significant difference 
between treatments. *, ** and *** indicate a significance difference at 0.05, 0.01 and 0.001 levels, 
respectively. NS means no significant difference. 

 
Dynamic changes in soil organic carbon and soil microbial biomass carbon.  On the 35th to 55th 
day after straw return, SOC content of each treatment decreased gradually, and reached 11.27-12.13 g·kg-

1 on the 55th day. From 55d to 95d, SOC content changes were consistent with straw carbon release 
proportion, which showed a rapid increase. RT+S treatment SOC content was higher than other treatments 
on the 95th day (17.51 g·kg-1), and remained at the highest level of all treatments until maize harvest time 
at 145d (18.02 g·kg-1). For the same mode of straw return to the field, SOC content of the treatments with 
the addition of decomposing agent significantly higher than without it (Fig. 5). 

Overall MBC content changes were consistent with those for SOC, that is, initial decline from the 
35th day after straw return to the field, and then increasing from the 55th day, and remaining at a higher 
level for a long time. From 35d to 145d, PT+S and RT+S treatment MBC content was always at the 
highest level and higher than other treatments, but there was no significant difference between the two 
treatments. NT treatment MBC content was lower than in other treatments. Under the same return method, 
MBC content in the treatments with straw decomposing agent were higher than those without it(Fig. 5). 
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NT 13.8±0.10 c 4.7±0.10 b 6.0±0.20 b 0.8±0.01 c 3.6±0.02 c 
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Decomposi
ng agent 
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PT 18.3±0.30 b 7.4±0.10 a 8.1±0.20 a 1.0±0.02 b 6.6±0.10 b 
RT 20.1±0.20 a 7.4±0.03 a 8.1±0.30 a 2.4±0.07 a 7.17±0.80 a 

F 
Tr 

F×Tr 

32.6*** 4.1*** 2.8*** 2.6*** 4.0*** 
2.4*** 2.2*** 1.1** 0.04*** 0.3*** 
0.176* 0.01 0.009 0.009*** NS 



 
Figure 5. Changes of soil organic carbon and microbial biomass carbon under different returning 
modes. 
 
Changes in soil soluble organic carbon.  Generally, both the straw return method and the decaying 
agent had effects on soil DOC content: rotary tillage > deep turning + deep rotary tillage > no-tillage; and 
straw decomposing agent addition > no straw decomposing agent. After straw was returned to the field, 
soil DOC content of all treatments increased rapidly with the rapid decomposition of straw and release 
of straw carbon, reaching a maximum of 114.29-135.29 mg·kg-1 on the 95th day. From 95d to 145d, soil 
DOC content of all treatments began to decrease gradually. During the 35d to 145d decay period, soil 
DOC content in RT+S and PT+S treatments was generally at a higher level, and RT+S was higher, than 
other treatments. NT treatment soil DOC content was always the lowest, and the soil DOC content of 
NT+S increased (Fig. 6). 

 
Figure 6. Changes of soil soluble organic carbon under different returning modes. 
 

Discussion 
Effects of returning methods and climate on straw decomposition.  The straw decomposition 
process is affected by air temperature and precipitation, decomposition and nutrient release of returned 
maize straw requires optimum temperature and soil moisture conditions32,33. Studies have shown that in 
the early stage of field return, non-structural and easily decomposed substances such as soluble 
carbohydrates, organic acids and amino acids are released rapidly, providing a large number of carbon 
sources and nutrients for soil microorganisms, increasing their numbers, and enhancing their activity, 
thus accelerating the decomposition of straw organic components34. In our experiment, with increasing 
temperature and rainfall for the 0-95d after straw return to the field, overall decomposition proportion, 
carbon release proportion and cellulose, hemicellulose, and lignin decomposition proportion of all 
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treatments were similar, that is, they increased rapidly (Fig. 1), our finding was consistent with the work 
of Yang et al35. During the 95d-145d period, a drop in temperature and precipitation occurs, microbial 
decomposition activity slows down, due to the perishable nature of straw, components such as cellulose 
and hemicellulose gradually decline, refractory organic components such as lignin proportion increase, 
so straw decomposition gradually slows, and late decomposition proportion is significantly reduced36. 
Under different tillage methods, the soil layer of returned straw varies, and the soil temperature, water 
and oxygen content are also different, which further affects soil microbiology characteristics and straw 
decomposition rate23. In this study, the straw decomposition rate of the two treatments of overburying 
and returning to the field was significantly higher than that of the no-tillage mulching treatment. This was 
because the straw was fully mixed with the soil, which was conducive to microbial decomposition, 
making full use of soil moisture and nutrients, promoting straw decomposition37. Under no-tillage 
mulching, straw is exposed to the air and not in full contact with soil and water, the decomposing agent 
is exposed to the ground, and microorganisms are unable to play a role, thus affecting straw 
decomposition. Studies have shown that under no-tillage mulching, the microbial activity was low, 
however, biodegradation is the main driver of straw decomposition under wet soil conditions 38. In deep 
turning + deep rotary tillage treatments, some straw is about 30 cm below the soil surface, and organic 
materials tend to decompose anaerobically at this depth. Our results showed that an aerobic environment 
was beneficial to crop straw degradation, while anaerobic conditions inhibited aerobic soil 
microorganism activity under similar soil moisture content15. Under anaerobic conditions, the relative 
content of refractory components such as lignin in crop straw increased, which reduced straw degradation 
rate39. Straw return depth under rotary tillage was relatively shallow, it is more easily exposed to oxygen, 
so straw decomposition rate was higher than under deep turning + deep rotary tillage. 

 
Effects of return method and decomposing agent on soil carbon form dynamics.  From 35d to 
55d after straw returning, the contents of MBC and SOC in soil decreased and were the lowest in the 
whole period at 55d. This is because the addition of exogenous organic matter stimulates the original 
organic matter in the soil, promoting the decomposition of soil organic carbon 40, which results in the 
decrease of soil organic carbon content at this stage. During this process, soil microorganisms also need 
abundant nitrogen to meet their reproductive needs. At this time, the maize jointing stage is at the peak 
of nitrogen absorption, and the C/N ratio increases significantly, which inhibits the reproduction of 
microorganisms, leading to a decrease of soil microbial biomass carbon content41. In straw return after 
55d-95d, temperature and precipitation are at their annual maximum(Fig. 1), which can enhance 
microorganism diversity and activity, and improve straw decomposition proportion, thus improving straw 
carbon release proportion, significantly increasing the distribution of soil organic carbon soil, and rapidly 
increasing soil MBC and total organic carbon content17,42. Spedding43 found that the soil MBC of straw 
returned to the field increased by 61% compared with that of non-return. After 95 days of straw return to 
the field, straw decomposition proportion gradually slowed down, and the MBC and total organic carbon 
content tended to be stable. On the 95d, the order of SOC content of each treatment from high to low was 
RT+S, PT+S, NT+S, PT, RT, NT, indicating that decomposing agent addition significantly improved SOC, 
and rotating tillage combined with decomposing agent had the most improved SOC content. The effects 
of straw return on SOC and carbon forms are affected by many factors, such as soil moisture, temperature 
and biochemical characteristics, which differ depending on the method of straw return and soil depth44. 
The trend in soil DOC content was consistent with straw decomposition rate 35 to 95 days after straw 
return, but after 95 days, with the straw decomposition proportion and straw carbon release became slow, 
temperature and rainfall became slow, the content of soil DOC decreases accordingly. In the RT+S 
treatment from 35d to 95d, DOC content was significantly higher than in other treatments, followed by 
PT+S treatment. The accumulation effect of SOC, DOC and MBC contents under rotary tillage and deep 
turning + deep rotary tillage was better than that under no-tillage mulch. Correlative studies also showed 
that treatments with added decomposing agent significantly increased soil active organic carbon, MBC 
and DOC45. Straw decomposing agent is rich in microorganisms such as cellulose, hemicellulose and 



lignin-degrading bacteria, which can increase the diversity, activity and quantity of soil microbial 
community structure, and thus accelerate the decomposition process of straw components46. Therefore, 
to accelerate the decomposition process of returned straw and improve the decomposition proportion of 
its organic components, straw decomposing agent can be added at the same time as the straw. 
 
Conclusion 

Among the three returning models, rotary tillage and deep turning + deep rotary tillage had better 
effect on straw decomposition and carbon release proportion of returning straw than no tillage. This 
conclusion can also be verified by calculating the half-life of straw decomposition proportion and carbon 
release proportion through the fitting curve of the first-order dynamic equation. RT+S treatment had the 
highest proportion of straw decomposition and straw carbon release in each sampling period. In each 
sampling period of 95d-365d, the decomposition proportion of cellulose, hemicellulose and lignin in 
RT+S treatment was the highest. The SOC content of various forms were significantly increased with the 
RT+S treatment. On the 145d, the contents of DOC and SOC in RT+S treatment were the highest, and 
MBC content was lower than that in PT+S treatment and higher than other treatments. Under the same 
return method, straw decomposition proportion, straw organic component decomposition proportion, and 
straw treated with decomposing agent carbon release proportion were all higher than treatments without 
decomposing agent. SOC, DOC and MBC contents in the treatments with added decomposing agent were 
higher than in treatments without it. in the short term, in order to speed up the decomposition rate of 
returning straw and improve the content of various forms of soil carbon, rotary tillage returning mode can 
be adopted, and the straw decomposition agent can be sprayed on the surface of returning straw at the 
same time.1 
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Figures

Figure 1

Daily precipitation and mean air temperature during the straw decomposition period from May 2019 to
May 2020.

Figure 2



a, Straw decomposition proportion original curve; b, Fitting curve by using the �rst order dynamic
equation. NT = no-tillage mulching and straw return to the �eld + no straw decomposing agent; NT+S =
no-tillage mulching and straw return to the �eld + straw decomposing agent; PT = deep turning + deep
rotary tillage + no straw decomposing agent; PT+S = deep turning + deep rotary tillage + straw
decomposing agent; RT = rotating tillage + no straw decomposing agent; RT+S = rotating tillage + straw
decomposing agent. The same below.

Figure 3

a, b, c are the circular barplots of the decomposition proportion of cellulose, hemicellulose and lignin in
straw at 15, 35, 55, 75, 95, 145 and 365 days.



Figure 4

a, Straw carbon release proportion original curve; b, Fitting curve by using the �rst order dynamic
equation.

Figure 5

Changes of soil organic carbon and microbial biomass carbon under different returning modes.



Figure 6

Changes of soil soluble organic carbon under different returning modes.


