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Effects of Straw Incorporation Combined with Decomposition Agent on Soil
Erosion Resistance in Medium-low Yield Purple Soil Sloping Farmland

WANG Dingbin"*, CHEN Xiaoyan"? LIAO Congyun', CHEN Libo"?, ZHANG Shenghui'?, ZHANG Qiujie"?,
ZHU Pingzong' '

(1. College of Resources and Environment, Southwest University, Chongqing 400716, China; 2. Chongqing Key Laboratory of Soil and Water
Conservation and Ecological Restoration, Chongqing 400716, China)

Abstract: [ Objective] Straw return is vital for improving soil structure, controlling erosion, and mitigating degradation.
Nevertheless, the low straw decomposition efficiency under natural conditions greatly limits its widespread application. As a
critical measure to promote straw decomposition, investigating the impacts of straw returning combined with decomposition
agents on soil erosion resistance of medium-low yield sloping farmland, as well as the underlying mechanisms, holds significant
importance for applying soil and water loss control measures that integrate the resource utilization of agricultural waste.
[ Methods ] A field in-situ monitoring experiment was conducted under the condition of full straw return. With no decomposition
agent application as the control, four straw decomposing agents were co-applied with straw at rate of 1, 2, 3, and 4 kg-hm™ and
designed based on the viable bacterial count of the decomposer. The differences in soil erosion resistance and their dominant
influencing factors under varying decomposer application rates were clarified. [ Results ] The application of straw decomposition
agent significantly promoted straw decomposition efficiency and improved soil structure. The straw decomposition amount and
efficiency increased significantly with the increase in the application rate of the decomposition agent. Also, application of
decompositing agent significantly reduced soil silt and clay contents, while significantly increasing soil sand content, saturated
water content, field capacity, and organic matter content. Moreover, the soil erosion resistance was significantly improved with
the application of straw decomposition agent. Compared to the control, the comprehensive soil resistance index (CSRI) increased
by 43.24%~360.77%. In addition, the results of PLS-SEM showed that the increase of CSRI was mainly governed by the direct
binding and consolidation of residual straw (path coefficient 0.43) and the indirect effect of straw decomposition on the increase
in soil organic matter content (path coefficient 0.40). [ Conclusion] Straw return combined with straw decomposition agents
significantly increased soil erosion resistance of medium-low yield purple sloping farmland. Moreover, the direct effects of
residual straw in enhancing soil erosion resistance slightly outweigh its indirect effects in increasing soil organic matter content
via decomposition. However, a significant increase in CSRI was only detected when the application rate exceeded 3 kg-hm™. This
indicates that effective enhancement of erosion resistance requires a threshold application rate exceeding 3 kg-hm? for
decompositing agents. These findings provide scientific guidance for the sustainable utilization of medium-low-yield purple soil
sloping farmland and the green and high-quality development of the Yangtze River Economic Belt.

Key words: Straw return; Straw decomposition agent; Soil erosion resistance; Medium-low yield cropland
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Table 1 Initial nutrient content of straw

R FE
4 Total nitrogen / 41 Total
Experimental
(gkg!)
material

44l Total potassium/

phosphorus / ( g-kg ')

£ HLA% Organic AL

(gke") carbon / (gkg!) Carbon-nitrogen ratio

TEFT Straw 6.98 1.14

7.75 425.47 60.96
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Fig. 2 Differences in straw decomposition characteristics under different application rates of straw decomposition agent
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LSRR KT 3 kehm > BF, IR & A
RS T W R (P<0.05), MRS
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Table 2 Differences in soil physical and chemical properties under different application rates of straw decomposition agent

+ Al o J& %370 Pl 5 Amount of straw decomposition agent / ( kg-hm ™)
Soil physicochemical
_ 0 1 2 3 4
properties
FkI Clay /% 6.06+0.42a 5.77+0.47ab 5.35+0.51ab 5.74+0.08ab 5.09+0.12b
HERL Silt /% 89.69+0.24a 89.76+0.14a 90.43+0.89a 86.99+0.22¢ 88.22+1.15b
ki Sand /% 4.25+0.28b 4.47£0.40b 4.22+0.44b 7.27+0.28a 6.69+1.22a
14455 Bulk density / 1.27£0.03a 1.26£0.07a 1.25+0.05a 1.24+0.02a 1.21£0.03a
(grem™)
HIFNF 7K & Saturated 34.48+1.69¢ 35.72+2.11bc 37.99+2.23bc 39.67+2.83b 44.39+2 86a
water content /%
HH [R]Ff7K 2 Field 33.00+1.16¢ 34.15+1.48bc 36.32+1.60bc 37.91+3.08b 42.44+3.23a
moisture capacity /%
SALBREE Total porosity 52.07+1.30a 52.45+2.65a 52.75+1.93a 52.91+0.77a 54.27+1.25a
1%
IRER M A R A 80.33+0.72ab 80.18+2.05ab 80.06+0.56b 80.47+1.44ab 82.51+0.48a
Water-stable aggregates
1%
A ML Organic matter 23.22+0.28¢ 23.56+0.89bc 23.63+0.31bc 24.50+0.52b 25.63+0.22a

content / ( g'kg™")

T RPEE P I EARMER s KARRPERI R IR H>0.25 mm WERGR S 45 [AIAT AN [R] /NG 5 B3R R 7S [ JE5 A 500 I ek Ak 252 ) 0 2 53

7.3 (P<0.05). Note: The data in the table are mean + standard deviation; the water-stable aggregates were > 0.25 mm aggregate content;

different lowercase letters indicated that there were significant differences among treatments with different dosage of decomposing agent ( P<

0.05) .

XK HIOR FAE L EPTERE L DU R A R A%t
Ao BER W BT RE ;R A R AT 34
AR RAE T, T I Ry I Ao AR % i P . R T
T MU ERE . BRI, b T R A Tl R AL RS AT
JE& figt R0 it P X - BT IR R BRI 2R A, R
8 AU FR AR A T M B L5 A e AL
( CSRI) RZEA VAL AT JE fige 0] it FH 0T 1 e b id
RERYE T S5 9 R, AR FF 6 f 50 it 42
CSRI Y784k 0.19~0.86, H. CSRI FififsFF 1 i 57
Jit ) 2 14 0 S A Bk S R (BT 4 ). HXIRAH G
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Fig. 3 Differences in soil anti-erodibility performance indexes under different application rates of straw decomposition agent
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