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Abstract: [Objective]l 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
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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-hm2. 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
RIS 4% Total 41 Total 424 Total 41 Organic WA

Experimental nitrogen / (gkg phosphorus / (gkg potassium Carbon-nitrogen

carbon/ (gkg!)

material D) ) / (gkgh ratio
FEFF Straw 6.98 1.14 7.75 425.47 60.96
1.3 AR E

RN EEFIBE R E 2 MR/NX, FANDNXTH 8 m?. 7F 2024 45 5 H 7 H¥K EKFS



Ff (REFFIE AT VI 3~5 em BI/NBD 51 sa e/ NX R38R, PR RS FHIE AR 77 5 7K 4%
et 1:15 IRAEHEIHREREFT R, 285 KN B 5 o 05t 7 F3 A 71 1) oK A
FERIETIRAN /NI 3P (3G J55 A 55 Jo S RO BIHE D, BBHAR SN 20 em. FFF 5 H 9 HRH
N TFEEK, FEZEA 50000 #k-hm2, 4785 80 cm, #RIEE 50 cm, FHAE AR IS — VI it
A 750 kg'hm? B AHE (N: P2Os: KoO=15: 15: 15), 7E R KFEIERIEE 15 KA 35 K535
1Bt 150 kg-hm?2 Fl 225 kg-hm2 (PR & . FEAETKIGRGE (2024 4£ 9 ) B EFINREE. =
P 43 BT AR 285 B () 7 12500 5 B AN AL B /N X RS AT 7 e . - S P T K DL AR Ik 1k BB AR A
1.4 FEARESTE
(1) FEFFo R 8 o« AF R FEFF k4= (Straw Residual Amount, SRA).

FEFF o7 fik s (Straw Decomposition Amount, SDA) FIFEFF 4 %% (Straw Decomposition
Efficiency, SDE) iX = AMEFR KR BAEFF et . BT TR iR A 7e Rk, Rkt
HERRAL M B H e BE I B 5 R 2 0~5 cm BY 0~10 cm HIEERRALME TG 06, A5
B IE HAEFF VIR 3~5 em (/B IRIEASHF FTI%FE R AR 0~10 em 12 1 T35 R B 5 F I L2
LR B TREATEIHHA R A 20 cm, AARIERSFF 2 s v A - S3eFe bn 0 < i — 35k, 4
SIE T 0~10 cm A1 10~20 em T2 AEFF 0 fiREE, AEAHT AR AUE A 0~10 cm L2 1IF
FEO R MEBE AT M o KA NRSFFB NG (2025 4E 5 H 9 H) FIEKIGRE (2025
9 H 24 H) BHABBARHT, RAAMAFEHIIEAEZSE G510 cm, JKEA 100 cm?) R4
0~10 cm f1 10~20 cm + 2 T3R5, BN T E SRR /NX _EEE 1. 2 F1 3 m (15
PERAE 3 AN HIERE S o R REE M HIRE AT RS20 2, A 1 mm G5 Pt R 3ERE A, AR
AN E MR R, 7665 CHER M TEEER, A MREFICFE, FNE
FEFF B NI B RS FE R EICN Aoy BORUGRES BOSFEFF R0 N 4, FEUALTHEREFT
YRR, FE AR

SRA = —At_, SpA = 24, gpp — do=de o 10900y (D
S$xX100 S$xX100 A

KA, Ao AFEFTB NI BUNAS RS = (g); AR KUGRENEMFRFRE (2); SA
KREEAZIRHEA (100 ecm?); 100 8 grem? 5 thm? A7 2 (A F#E(E; SRA NFEFF R E
(thm?); SDA NFEFF/MiEE (thm?2); SDE AFEFTF /SRR (%),

(2) BRI . 7E FOKUGR G, SR NENE T8, EMEKE. H
() FE K AL EERS, i AR 100 om® IARHERR TIFEREAS/NXBE/NX EHE 1. 2 A1 3 m
ML 5 IREE 0~10 em L2 RAR A . BUH PR T) G FEAH ML B R EE 0~10 em B HF£Z) 2
kg, RA) A R SEE = H AT, ERrA Sk AR RS 280 5 2 a8 2 mm 1 0.25 mm
FLAZG7 W -0 52 E IR AL R (Masterizer-2000 BOGRI A M HIEEHFR & & (HERR
L ey [,

(3) TSP REFR AR E . TERT AT IZEAN b, AR IOER LI L 7. T
FH 77 PR, BRI E HA . WS ACR . iR . nl it K KR4
MR E TR B E N 3T e e pn 8], b, IBRESE J1{H A Bijkelkamp ZUEE 45 7143
E, THETINBREH TYD-1 IO E, BASNXME 10 K 338357k ph o £or 4]
SRARST 1) ot B ELAR 0 0l SR FH A e o A R 0 v v s A A Sk s { FH ORI T (EAR
10cm, & 5em) SK4E 0~10 cm L2 FUREAE, [l S50 2= R A E K Skl e, B4/ DX E
53 ks I g R @ I A /N T (B4R 6.18 em, 151 2 em) SREER = HIB R T4,
K F KRR 2 e PO, AN /N 3 0k IR Pk KR E eiiad EPIC AL BT,
SRIG M Zhang 25RU$E A 30 A TR IE; H3EgsMfae a2 (SSD M@ H3Ea L
Ji s WPRLAR RIS B AT IR R, BARTH R A W

Keric = {0.2+0.3exp[ ~0.0256SAN / (1-SIL /100)]}(

SIL j"'a

CLA+SIL
(2)
10 0.25C 1o 0.7SN1
"~ C+exp(3.72-2.95C) J{ SNL+exp(-5.51+22.95N1)
K =-0.01383 + 0.5158KEeric 3)
SOM
SSI = oy e X 1000 (4

A, Kepie N EPIC BERUEE ) K [AF; SAN. SIL. CLA 1 C 4359wk, ¥yki. Bk



SE (%) MEEAEYBRSE (gkg'); SNI=1-SAN/100; K & AHE 58 F 45 F 1R 5 1) K
KlF; SSI A% SOM ALIEANR & (gkg'): Clay ALIEFR & & (%);
Silt NIRRT E (%),

(4) TIRPUPRERE LR G HRE NIV B D T AT VPO R AT T8 AR 700 e FE 0 - b i P g 11
TEAERC, BT BRI 8 N i Refa bR, SRAIBCRANE, THE T —A LI
PERELE & TR % (Comprehensive Soil Erosion Resistance Index, CSRI), Az F:

CSRI = ¥, WiCi (5)
A1, CSRI N LIBHUMMMERELEATREL, Wi MBI E R, G RIRWEREE . Hrh&hinh
PEREFRFR AL REOE L P10 Wik i , &% ok It e 4845 1) SR J8 2 H 25 Fa s 1 S5 J8 22 R
Hwfae, FIBERE— M NS BIRI R S” R, AR S4B bt LT M R 4R A FR B IE 1
SRNE I B R B e H SR B S o @ W R RIS R FR bR S R A P M AR R IE A 5 OG
&, MWERA “S” BUSRERECTERIRE, WA R LIRS ). Fhkmh . H
R R R EA WS KRGS IR M, W IR RS TR A
PPEREZ M 2 FAHR R, WK “S” BREREBCRITHREE, AT It 13 5
ANBEA il 2 m] o K RF R,
1.5 BiEhte

AN TR RS FT T8 A7 e FH 2 RS FE o e P | 33 B A 1 R 3R T b e 48 A 22 S 1) S 5
KA BRI 25081 (one-way ANOVA) I Z H WL (LSD) #4704, CSRI FFEFF
i A )it FH B 2 1) ) 2% R AR R MR RV 7 VR i o AEAE R e L g e 5 g i 1k
EFRFI CSRI Z (B IAH K Pearson AHIG/MMTIRTH . FEAT 7 fAr AN 3B RE X CSRI
FRIVE & A0 A e/ TR PR AR Y (PLS-SEM) M 4546 5 R AL BEAT 2007 o 22 etk 20 Mt
f§iF IBM SPSS #ff (21.0 ffO 347, Z5HJ7FBAYH Rstudio BRIz, I 2l
Origin Pro ¥ (21.0 kO #47 -

2 45 B

2.1 AR REFHRHE TR MESRENER

AT G5 A7) 0t FH SB35 32 T RS AT A0 i ANFIACERFEATIR A . AT i A0 o 3k
RN T 0.54~1.05 tthm2, 1.45~1.96 thm2 Fl 58.00%~78.39%, HALFTI% A &) BEE G fiFt
)it FH 2 P B RO/ T AT A e AR 2 AR A0 o TS A 751 it P 1 O 3 K 16K (BT 20
ExtHEAR L, FEFF o il S A R A G I T 11.26%~35.17%F1 11.24%~35.16%. LK 2
TR R, SXTRRAHEL, FEFRMRI S, Ao BE RS (P<0.05),
{EAEFFIE i sn it B AN 1 kg hm2 G002 2 kg'hm2 I, S FEFT AR IE ARG BB, 12
JEEFEH R KT 3 ke'hm? i, FEFFIR AR BERE, FFF oM fFSFE o mscr B35 7+

[A] o
= 1.6 p § 24 p 2100
- - a 2 a
= ' =~
E 212} EZist ¢ 2 s£7s b
o @ - 2 d o < - L
= = b b = [ = d = ™
= 5 g 4 =2 g
-~ 508 ¢ =R ’ =2 50
& £ %3 ® £ 707 4
204 = Zos f = £ s ’ ’ ’
22 €2 g =3 2R g
0.0 1 1 1 1 1 (7: 0.0 1 1 z 0 1 1 1 1 1
0 1 2 3 4 o 1 2 3 4 E o 12 3 4
Jmﬁﬁé?ﬂJFHEf(kg-hm_j T AR R (kg hm ™) Jo 0 751 FF R/ (kg-hm )
Amount of straw decomposition agent Amount of straw decomposition agent Amount of straw decomposition agent

2 AN [RIREAT 5 A 7t P RS AT 2 g A1 0 22
Fig. 2 Differences in straw decomposition characteristics under different application rates of straw
decomposition agent
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Table 2 Differences in soil physical and chemical properties under different application rates of straw
decomposition agent

AL R Ji& fi# 75 Fil & Amount of straw decomposition agent / (kg-hm?)

Soil physicochemical

properties 0 1 2 3 4
L Clay /% 6.06+0.42a 5.77+0.47ab 5.35+0.51ab 5.74+0.08ab 5.09+0.12b
R Silt /% 89.69+0.24a 89.76+0.14a 90.43+0.89a 86.99+0.22¢ 88.22+1.15b
YL Sand /% 4.25+0.28b 4.47+0.40b 4.22+0.44b 7.27+0.28a 6.69+1.22a
/(j:giifg;ﬁ Bulkdensity 7. 034 126+0.07a 1.25£0.05a 1.24£0.02a 121£0.03a

HIFNE /K Saturated

34.48+1.69¢ 35.7242.11bc 37.9942.23bc 39.67+2.83b 44,392 86a

water content /%

et COMLEn )
M H7KEE Field 33.00+1.16¢ 34.15+1.48bc 36.32+1.60bc 37.9143.08b 424443232
moisture capacity /%
S AL Total 52.07+1.30a 52.4542.65a 52.75£1.93a 52.91+0.77a 54.27+125a
porosity /%

4 b ] .
AREAERIR K Water 80.330.72ab 80.18+2.05ab 80.06+0.56b 80.47+1 44ab 82.51:0.48a
stable aggregates/%
AL Organic matter 3 55, 5g. 23.56+0.89bc 23.63+0.31bc 24.500.52b 25.63+0.22a

content /(g-kg™)
T RN EAA T B EEARAE RS s AKFENE A RAA9>0.25 mm BRMAE & [RAT AN [RGB R AN 5 6 A0 P B A B i ) 22 57
% (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).
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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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Fig. 4 The change of comprehensive soil erosion resistance index with the application rates of straw decomposition
agent
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Fig. 6 The results of partial least squares structural equation model of the main influencing factors of
comprehensive soil erosion resistance index (CSRI)
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