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Effects of rational close planting of silage corn-soybean intercropping on soil
erosion in red soil sloping farmland

Cai Tao, Zhao Guiru, Ning Xin, Li Hai, Shu Yu, Lu Chunzhi, An Tongxin
(Key Laboratory of Crop Production and Smart Agriculture in Yunnan Province, College of
Agriculture and Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [Objective] This study investigates soil erosion pattern in silage corn-soybean intercropping systems
under varying planting densities on sloping farmland, aiming to provide a scientific basis for promoting rational
close planting intercropping models with enhanced soil and water conservation efficacy. [Methods] Using a 2: 3
silage corn-soybean intercropping pattern (two corn rows intercropped with three soybean rows) , simulated
rainfall experiments were conducted across slope gradients (10°, 15°, 20°) and rainfall intensities (40, 80, 120
mm/h). Five corn intercropping density treatments (T,—T;: 52 500, 60 000, 67 500, 75 000, 82 500 plants per
hectare) were established, with soybean density being fixed at 180 000 plants per hectare. Control groups included
T, Ccorn monoculture, high density: 82 500 plants per hectare) , T; (corn monoculture, conventional density :
67 500 plants per hectare) , and T (soybean monoculture: 300 000 plants per hectare). [ Results] Compared with

treatments T,, T,, and T,—T,, T, demonstrated average reductions in surface runoff volume of 59.31%,
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43.67%, 20.57%, 15.00%, 40.95%, 62.01%, and 16.40% , and in soil erosion of 61.52%, 50.73%, 27.10%,
17.62%, 43.48%, 66.22%, and 8.47%, respectively. The PLS-SEM structural model revealed that slope
gradient exhibited a highly significant negative correlation with infiltration time (»<Z0.01) while showing a highly
significant positive correlation with soil erosion (»<<0.01). Slope gradient, rainfall intensity, and runoff volume
primarily aggravated soil erosion through direct effects, whereas infiltration time increased erosion mainly via
indirect effects. Furthermore, under conditions of low rainfall intensity and gentle slopes, the soybean monoculture
system (Ts) demonstrated superior soil and water conservation performance. [ Conclusion] In summary, at a corn
intercropping density of 67 500 plants per hectare, this system demonstrates effective soil and water conservation

across varying rainfall intensities and slope gradients, making it a suitable diversified cropping model for sloping

farmland in mountainous areas.
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Table 1 Parameters of crop planting treatments
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Table 2 Analysis of variance for effects of close planting pattern on surface runoff generation time

under different rainfall intensities and slopes

TR 9R / Ab B PR AT /s
(mm-<h") B 10° B 15° i B 20°

T, 162.334 1.22BCc 89.45+8.55Ccd 99.21+11.48Aab
T, 155.07+8.38BCc 98.95+6.42Ccd 102.3342.67Aab
T, 215.48+24.78Bb 154.36416.75ABab 185.19453.95Aa
T, 180.142.6BChe 153.7+26.46 ABab 86.14+5.25Aab

10 T, 182.57+9.14BCbe 172.87+6.18Aa 182.26+57.88Aa
T, 175.89+20.58BChe 102.82+7.04BCed 96.749.29Aab
T, 143.05+11.21Cc 86.09+7.84Cd 79.45+2.76Ab
T, 282.45+22.01Aa 129.5249.92ABCbe 142.82428.72Aab
T, 74.06+11.95BCed 76.2410.11ABabc 49.67+6.83BCDbe
T, 89.08+9.35ABChed 61.146.85Bc 41.17+3.03CDed
T, 110.6147.69ABab 88.93+6.45ABab 61.243.68Bb
T, 117.4349.76Aa 94.36+5.64Aa 81.77+7.07Aa

80 T, 93.17+10.22ABCabe 73.13+8.51ABabc 50.46+2.76BCDbc
T, 88.06+6.45ABChed 72.02+7.39ABabe 53.69+3.28BCDbc
T, 63.25+7.51Cd 70.58+4.88ABhc 35.11+3.55Dd
T, 100.94+6.58 ABCabe 79.38+6.43ABabe 57.08+4.44BCb
T, 69.54+2.74ABbe 53.3346.15ABabc 30.43+2.58ABb
T, 66.41+3.4ABcd 57.49+2.47ABabe 35.95+4ABab
T, 67.745.88ABbcd 59.48+2.69ABabe 37.75+0.83ABab
T, 74.53+2.57Aabe 60.62+3.42ABab 36.48+3.5ABab

120 T, 67.19+2.63ABcd 65.31+3.55Aa 46.11+4.08Aa
T, 80.04+5.55Aab 50.67+4.38ABbc 33.85+3.85ABb
T, 55.67+2.55Bd 48.28+4.23Bc 26.56+4.08Bb
T, 82.5+4.85Aa 64.5+1.57ABa 36.69+4.72ABab

TE R PR R ARk R B AS ) BT T B /NS RS 5 R 23 3 3R R TR — R bR T AR B[R] 22 S i 2 (p<<0. 05) A ik # (p<<0.01).

Tl
213 FRZEEFEERAERESLEANSZTY
Fm fE4AAE,40 mm/h SR N 1073 B A T, 4b
A B K, T oAb B A T, 4k B 2 A% 56.22 %
(p<<0.01), T, b B A& T, To kb B4 5] H B 35 F& AI%
62.45% ,68.19% (p<<0.01), 15°F1 203 B i, T, 4b B
BTy, T, Ak B 53 5 12 35 B IR 50.51%, 67.48% (p<<
0.05). 7F 80mm/h i 5 T : 1574 i i T, 4b H# T,
T, 4 B 2% A% 60.4%,59.79 % (p<<0.05) , 20° 3% Ji

b ToAbh BEA B B K, T, A PR T Ak AR 5 35 [ A%
54.17% (p=<<0.01) , T, Ty &b H &5 T, kb BE B 2% B I
45.75% ,38.57 % (p<<0.05) . 7£ 120 mm/h TR ## F : 3%
JE 1071, T, Ak B %5 T, 4b # & 3 FAIK 54.71% (p<<
0.05) , HiAx 45 Ab B 22 55 AN i 3 (p=>0.05) , 7E I J& 15°
A, 4% Ak B R) 22 5O 12 28 (p=>0.05) , fE 3% B 20°/), T,
AT, Ak B8 43 530 48 T, 4 38 i 35 BRI 51.29%, 56.52%
(p<<0.05).
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Table 3 Analysis of variance for effects of close planting pattern on infiltration time under

different rainfall intensities and slopes

i/ b3 LI
(mm+h") W FE10° B 15° 5 B 20°

T, 349.09+ 6.84ABab 408.1+116.49Aa 223.1+13.45A4
T, 334.44-+8.41ABab 221.29446.74Aabe 174.52-17.93Aa
T, 266.99- 44 44ABb 142.2412.65A¢ 173.22--17.83Aa

10 T, 235.66+43.23Bb 162.6+21.04Abc 215.88+14.21Aa
T, 284.14+ 44 .92ABab 198.27+16.63Aabc 194.45-+18.32Aa
T, 329.21-+48.84ABab 307.6765.15Aabc 220.39418.39Aa
T, 391.06+7.65Aa 376.7--125.51Aab 2094 15.65Aa
T, 295.96-+38.51ABab 118.86+6.88Ac¢ 165.89+ 21.32Aa
T, 139.2124.34BChe 160.07-17.74Aa 151.08410.97Aa
T, 184.3+16.98ABab 96.61-11.85ABChc 110.2410.42Ac¢
T, 98.86-3.22Cc 90.23-5.89Che 105.49-12.78Ac

. T, 94.9+6.93Cc 95.44-+8.96BChc 113.12--11.97Abc
T. 125.66+9.63BCc 133.2+8.83ABCab 139.29+ 11.54 Aabe
Ty 117.084+14.66BCc 121.37+11.12ABCabc 111.69+7.24Ac
T, 222.95437.36Aa 156.33+31.87ABa 149.34 - 14.22Aab
T, 110.93-14.12BCc 75.1544.26Cc 107.45+15.17Ac
T, 148.76+23.53ABab 126.08-20.94Aabe 111.02+6.82Aa
T, 80.64-+12.86BCcd 89.49-+6.5Aabc 81.5-12.98Aa
T, 87.89+9.6BCed 67.25--4.79Abc 94.54+10.75Aa

- T, 67.022.99Cd 97.1417.3Aabc 105.73--9.36Aa
T, 127.82-14.58 ABChe 100.02=27.48Aabe 103.69--11.08Aa
T, 106.33+18.05BChed 151.2137.08Aab 105.38-+9.29Aa
T, 181.16+27.79Aa 162.94+49.61Aa 114.26+13.37Aa
T, 80.57+3.8BCed 62.6443.91Ac 104.34+9.9Aa

B 25 W IR 3G R, Z BB R B R 2 HUETH
S W i Bl A A AP R OK R R RS . 7EAR
MSREY T, FR—KGEAET B & ETHRIE.
Hop T oAb BRAE A 2SR T R AR, % B 3 ) B
BN W, R AR R DR R R e A R A
Wik . K& AAELE 80 mm/h, 20° B FEIT T 5 B ¥
T EKRAE N B E R IRE R R KT B
F A2 HE VR R R OK B LR BT A S T R
2%, AT RS I — FOKAEY) 2 S B AR AS T &
HAB WD .
22 AEZEEFEVEXREEAEHBREZTEMNE

jeik=g: R
221 FEFEEFEZLRAOERLTHEZRATY
Fom AT 5 AT, TC I TR AR R R el AR Ak, Ty b
AR BAMT T A, 7£40 mm/h T, 1073
JER, ToAb BEAR 0 48 T, T, Ak 313 51 4 38 [ I
88.31%,89.58% (p<<0.05) , 15" B T, T, 4b Bf i %

T H A AR B (p<<0.05) , HiAx kb B 22 B oK 3% 1
20°H FE R Ty, T M1 T A0 HL42 3 i 0 & KT T,/ T,
b, oo T b B A T Kb B S 2 R AR 84.72 %0 (p<<
0.01), Ty Ab #% T, &b P A% & 3 B % 80.92% (p<<
0.01). 7£ 80 mm/h Wik T, 10" 15" % &, Ty, T,,
T AN HZ L BT T ACEE, an T 4b #ids T, 4b #1
e 5B 3 AR 75.3% (p<<0.01) , 10°H¢ JiF F T,, T, 4b 3
A3 5% T, AL PP 2 AR 61.48 % ,51.42 % (p<<0.05),
IS5° I 20°E B F , T Ab BRAS T, Ab B 3 AL 47.38 %%,
63.48 % (p<<0.05),20° Y% FE it T, AbBEAE T, T,, T 4L FH
43 Bl B AR 60.61%,57.65% ,61.86% (p<<0.05) .
16 20mm/h 58 R, 10°A 1579 B R, T, T, T Ab B4
T A 3853 50 4 35 B AIG 42.82 %, 45.66 %, 39.88% (p<<
0.05), 15" B T T Ab B4 T, Ab #  25 FEAIL 39.92%
(p=<<0.05), 20° 3§ B~ T, 4b BE & T, &b ¥ & 3% B% I
32.69% (p<<0.05) , H A%k 2 FH % T T, 43 (p<<0.0D),
AR AP 25 R B 3 (p=>0.05)
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AR i T K o R % S UK R S R ik
LR T A A T 98 2 1 IR BLAL 2 0 i R )

R4 TEMEMEETEEAXNGNEENZ WA ESR

R AR B LR AR RIS AR A
] A8 O 2k 38 00 R I A 3 A R Dk /b, LB
& LK ARG I, R AR A SRS B TR
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Table 4 Analysis of variance for effects of close planting pattern on infiltration volume

under different rainfall intensities and slopes

i/ ABH/(m’shm ?)
(mm<h") o B 10° B B 15° B B 20°

T, 39.774+8.18BCc 59.94+10.77Aab 63.224+13.01Aab
T, 81.32+1.94ABab 77.97+2.36Aab 81.924+13.19Aa
T, 90.8448.19Aa 84.9547.23Aa 73+22.38Aa
T, 79.414+1.54ABab 61.7+1.79Aab 51.74+4.21Aab

40 T, 49.86+1.71ABCbc 43.95+11.91Aab 37.494+2.93Aab
Ts 75.07415.88ABab 61.86+14.22Aab 45.5944.06Aab
T, 28.1949.07Cc 42.04+7.06Ab 26.644+4.19Ab
T, 88.62+22.7Aa 77.96+26.06Aab 63.954+23.83Aab
T, 93.77+30.2Aa 63.59+14.49Aab 73.45+19.11ABb
T, 109.9+16.36Aa 101.65433.64Aa 109.28+15.96ABab
T, 114.974+6.01Aa 100.09413.41Aa 83.17+8.89ABb
T, 125.384+4.06Aa 71.33+£14.66Aab 89.59+10.57ABab

50 T, 80.62+7.14Aa 91.13£16.95Aab 85.36+11.67ABab
Ty 91.27431.03Aa 79.414+12.1Aab 95.34416.52ABab
T, 57.614+11.66Aa 40.25+£7.44Ab 62.054+7.91Bb
Ty 110.19441.77Aa 91.244+12.97Aab 135.4+26.59Aa
T, 53.794+5.9Aab 61.864+13.16Aa 53.294+11.78Ab
T, 104.084+22.09Aab 84.11+7.15Aa 72.24+14.8Aab
T, 112.11429.02Aa 118.96+23.13Aa 101.05420.16 Aab
T, 88.29+21.15Aab 87.68+11.88Aa 109.414+6.05Aa

120 T, 88.74+4.19Aab 85.03+34.62Aa 70.64418.78 Aab
Ty 100.874+17.92Aab 78.72+14.55Aa 71429.97Aab
T 50.784+9.86Ab 60.3+15.67Aa 47.57+11.22Ab
Tg 92.28420.42Aab 92.73+24.58Aa 92.6447.24Aab

222 RRABEFEIZRAEKRZNZ®ETNH YA
M 6 TT T, TG 1 W A 3 SR el 2l A%, T oAb BERT T Ak
HZ O E T T, A ¥E . #£ 40 mm/h W5 T : 1071 15°
R, T A FRAR i f K, T b BRER T, A B 25 P
11 69.24 % ,85.04 % (p<<0.01), Ty, T AL FH#E T, &b 43
2 E AL 60.3 % ~63.58 % (p<<0.05), T, Ty, T A i
BT A F A 1) B AR 51,11 % ~64.49% (p<<0.05),
20°HEFETR, T AL IR o i 5 K, T A 3% T, Ak BHAR Bk
FEAK 66.44 % (p<<0.01), T, 4034 W 25 w5 T HoAth b 23
(p=<0.05). 7£80 mm/h W%~ : 10°A 15" 3 T, T,
Ts, Tob FRAL T b B i 25 BEAR 73.1126~90.95% (p<<
0.05), T AbF4E T A FIHR 0 EREAK 76.94 6,82.51 Yo (p<<

0.0, 20°3 BT, Ty, T AL FRER T, Ak B 4351 & 35 B AIK
34.41%,39.61% (p<<0.05) , T AL FAEE T, T kb B 2%
AR 36.16 % ~38.75% (p<<0.05) . Fi5% K 120 mm/h
107 R, T AL FRAE T, T,, T b H 43 1) i 25 FRAIK
62.38 % ~68.29 % (p<<0.05), 15T, 45 4b B ] G 2
FEF(P>0.05). 20°W LT, TR BEEL T, T AL B3
I 3 P 53.28 % ,145.81 % (p=<<0.05) ¢

13 ot 2 [ A 5% R e R 1 B8G  m, E oK — K
I [ A il k0 o422l A v 0 R SR R 3 R R ROCR
He AL 1R ok i B G K () % R G 5 S e b IS 1
T B, FErh T Ak PR R R IR AR, T R PR O
JIE 9% MY I 3 2 5 )2 e A S AR T o D DA
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D/ AR b (FL%E P A e I AR e AT T (D T T E
AR e Fr P ECE SR E TR, PAERS, REH
VEAE 40 mm/h 28 3 B T 4= il B B 1K, T g 7 2 oK

FPEFE 120 mm/h, 20°3% B B 42 i 58 Ty, 7] RE 2
o T R BE 3 T A DR AR R B R o AR R A L H
557 R A0 B R A T
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Table 5 Table 6Analysis of variance for effects of close planting pattern on surface runoff

volume under different rainfall intensities and slopes

5/

e/ (m® < hm™*)

(mm«h") AL B 10° W 15° Y g 20°

T, 66.6427.45Aabc 121.25+31.29Aab 162.77£57.74Aa
T, 100.01+30.84Aab 63.95+14.02Aab 67.52-13.87ABbc
T, 11.69+3.84Ac 60.64-19.6Aab 24.87+2.99Bc¢
T, 29.74-+8.72Abc 35.868.09Ab 75.72+25.54ABbc

0 T, 45.55416.11Aabc 31.67+2.59Ab 38.55+10.58Bc¢
T, 76.48+28.5Aabc 103.32+16.98Aab 91.79+13.35ABabc
T, 112.17+43.17Aa 128.34+64.84Aa 148.04+29.05Aab
Ty 52.99+ 14.43Aabc 45.1411.09Aab 28.25+3.47Bc¢
T, 358.49427.69Aa 364.04+74.73ABa 414.344+9.41Aa
T, 229.824 38.87ABChc 276.92450.77ABCab 316.77466.43ABabc
T, 88.53415.32Cd 149.58+16.19Ch 163.19-8.55Bc¢
T, 111.64+24.48Cd 126.747.64Ch 385.3-£61.72Aab

. T, 142.54+47.22Ccd 185+ 65.33BCh 249.58498.53ABbc
T, 191.24-+47.55BCcd 247.37458.37ABCab 235.29452.57ABhbc
T, 323.634-19.4ABab 393.7£11.73Aa 427.894+14.65Aa
Ty 184.73+45.37BCcd 207.17443.5ABCh 156.28+23.49Bc¢
T, 492.87455.07ABab 566.46+78.46Aa 546.85+47.78 ABab
T, 380.17433.27BChc 445.1453.29ABabc 476.85+29.65ABabc
T, 281.8346.2Cc 304.034-27.34Bc 368.084-27.6Bc
T, 372.3+37.53BChc 374.53462.99ABbc 476.95+60.1ABabc

20 T, 267.84467.28Cc 394.584-79.13ABabc 396.15-4106.71Bbc
T, 316.68434.38Cc 357.42426.16ABbc 459.01+ 31.54ABabc
T, 583.92426.61Aa 538.214-24.79ABab 621.4649.99Aa
Ty 296.29426.39Cc 323.37476.4ABc 390.4830.38Bbc

23 BWEEMKESKEIREAEXSHBNMEXE

S

FRSRRIFINC I RN R TN TP
K F (p<<0.05), 512 Wt 77 Az B ] 52 4% fnb 25 671 AH OC O¢
Z (p<<0.01) ;4 B A A 3B I} 0] 52 W S5 35 6 A 56 56 &
(p<<0.01), F= iy i 52 4% 8 38 1E AH DG 56 R (p<<0.01) 5
19 7= A B i) 548 h e R R S A A 56 (p<20.01)
A B R LA S B 2 3 A DG e R (p<<0.0D),

FH T 2 454 5 R AR U 110 4007 43 % 7T R0, B iR A R
Mo 7K 3 2k B F2 R R I RE RN 5 R AR I A Y 3R
3 3 A2 A ORI AR ok, AT R o A 2 7 e
(B PN 7= A R ) BB T AR 9 LA R T e A I e, DA
Bl AR ok fE A B B ) 3 S g ) 4 50 R 3 K AR

Ty, R RE S B A AR B T ) AE G, R SO U
K, FE— 20 KA Pl A e A T RN A
=ik AEAE R85 .
3 0w

AR B 2 B, 5 I R OK % C ] VE K X Hh
TP A A A B R K R R B
IR FEAEH (p<<0.05) , 75 42 Uit 4 #2 Al + HE {2 1k 43
BT 0 7R 5 T, TA) A A 2R A B A R X 58 B o T 1 K
- ORFEPERE )1 AL B A, Bl B K R B R Y 3
I, b 2 48 7 U B TA) A5 B A AL HE 2%, M 3R AR T i
A i G A . 2 R OK % B A 52 500 #& /hm” 3
% 67 500 Bk /hm? i}, 78 40 mm/h £2  & F 4= ol e
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A, H T K% B A 3] 67 500 Bk /hm* B}, 42 3 77 i
R[] 58 8 B R K BRVE A 0AE K, b R AR U A A AL
D X ORISR A R A R o A R 34 R
i AT 4 T M A g T R SR R R R, A T
KREEAM AR BSERE" . MNABRERE,
[ VEAR & 3 ks - 3B B 1 L 78 80 mm/h(10°3%
FEORET T, T, Ah BEA B W) 8] 4 50 4E X B T, A 2040
B, HOA R A 3K B KA, AT RE 5 MIVE R LB A
[ ST AR T 2 25 K A O, R R I A R UIE 28 TN
i AR TR B K A BRAR R G 5E T & B By R

JE X R 22 S5 Al BE IR T 8] 1 AR AR Al ok A A AL B A
TR R K AR T A 2 AL BRSO S AU A
FH 1) 7K P LB 00 265 B TR A T OS2 AR 8 i i 0, R
W 3 T 5 TR 018 i) A o A A X e e 2= P AR 2R R
ok LIEABIERE . WAACS AR B MEYHE
a2 A ) AR T B S B T B, e M B A T AR
P2 R TR AR L AR HE KA B TE B R AR R
o AR R AR K o A S R i R
DRI MM 36 P 4 7 T K % R IR R S B A M 3R
B R K R TR A B A B A
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Table 6 Analysis of variance for effects of close planting pattern on erosion amount

under different rainfall intensities and slopes

TR/ R/ (kg « hm™?)
(mm+h™") AL B 10° BB 15° 5 B 20°

T, 63.274+1.61ABab 126.11+32.97ABa 113.56+52.79BChbc
T, 30.934+1.13BCc 118.144-26.06 ABCab 338.3652.54Aa
T, 25.124+5.78Cc 45.93+10.1BChc 28.0244.92Cc
T, 37.05+16.95BCc 46.03+4.93BChc 59.21423.15Cc

0 Ts 42.38+3.09ABCbc 48.36+12.48BChbc 86.08+20.61BCc
Ty 29.684+1.68BCc 81.79436.09ABCabc 57.7+6.38Cc
T, 73.054+11.03Aa 149.644-30.65A4a 210.72-+57.52ABb
Ty 22.4748.39Cc 22.384+2.01Cc 23.4448.05Cc
T, 986.62+177.18 ABab 1919.25+241.97Aab 2437.334+160.95ABa
T, 318.41+89.66ABc 909.19+273.6ABCbc 1794.35+293.76BCh
T, 189.5+47.3Bc¢ 173.354+103.64Cc 1176.97+309.42Ccd
T, 396.36+184.69ABbc 1523.6+410.25ABCab 1056.38+48.63Cd

50 T, 120.22+69.39Bc¢ 336.24117.62BCc 1582.71+162.6Cbcd
T, 762.44+293.22ABabc 1751.42+484.32ABab 1724.78+114.19BCbc
T, 1150.744395.61Aa 2322.094630.32Aa 2858.26+81.68Aa
T, 265.324+98.07Bc¢ 406.244+114.51BCc 1654.84+125.49Chc
T, 3308.624+251.76ABa 3189.264+380.53Aa 8483.78+1352.51Aa
T, 2796.154356.37ABab 3687.76+73.91Aa 7314.614+352.92ABab
T, 1051.99415.97Bc¢ 2916.854+532.42Aa 3963.6+263.46Bc¢
T, 1319.864249.13Bbc 2762.45+415.84Aa 46484495.29ABbc

120 T 1242.314371.79Bbc 3077.39499.84Aa 4325.87+761.61ABbc
T, 2336.9£683.02ABabc 2801.28+54.19Aa 5905.454404.03ABabc
T, 3684.074+719.25Aa 3986.524+942.55Aa 6748.7442078.58 ABabc
T, 3317.6+£956.58 ABa 3376.014+83.72Aa 4720.84+361.53ABbc

BEAh, B R B R KA B h 78 000~117 000
PR /hm? 38 38 W56 77 IR AR I R U
A5 K B TA) A 2 B #E L 75 000 ¥k /hm* J5 A8 = A
ST B, 2T 2075 T A% 9 418G 0, L [ 4 % 44 &
82 500 #k /hm” B f= 1ok it H B 351, 76 120 mm/h B W
LT AR BEAE 10°H 15 e 1 F A8 B [ 38 T,—T, 4

A T RE S e 2 R i AL 5 B0 T V= R A 40 R A
K, EAMEEEIRKPERALEAR, RS
Bt TR, SRER T AN A/ B/ SR E R &

AL A BB T K ol AL 8 2 49 10, 47 8 25 400 ol O Y
AR SR — B RERAELE 40 mm/h, B
1O Uit i ) e A<, (EL7E 20°BE 3 2% 40 T 1 428 Ik A2E 38 &%
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TEAB X — 85 5 AHOCRT FE 45 e A A, 3k ] g
M T REINA HENERZRAR B R R %
5K BE T, B G RR B O A | M 8 B i 1 T iy
A A5 555 T B4 3 BE 2 T G0 A R e
Hb AR U BRI Pl AR T TSR A B 4G
¥ 0 3 B SRR T ROK AR R A i B REAE .
FLBEIE B> 2 RO 2 0 A T R 00 TR Z 2508
ARIERE T by R — = e nh R B Bl L ARG R B
IR REME N 5 i bR R B AT OO | E
2 J2 R B4 D IR) A0 D 4R 25 S DR K Bl e i R4y )2
T2 ] 8 0% A7 2509 A R 7% of M T Y < ik A el
71, 31X — HE RE A AR 47 ) B AR v, AR T AR
FRRASE 2, APERE SR /K R R & B D Y SR

0.77"
R p<0. 05; %+ FK R p<<0. 01, I 4 A B F B2 R BR o
E1 BEREEENKEIREAEXSHEWA
PLS-SEM %5 #g#& 8

Fig.1 PLS-SEM structural model of effects of rainfall
intensity and slope gradient on soil erosion parameters

1.0

ANEE

ﬁ i 0.77 I N\ B E 0.79
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%ol R
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£ 04 38 T BoE 0.35 0.33
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Fig.2 PLS-SEM effect decomposition of effects of
predictor variables on erosion amount:
direct effects and indirect effects

E A BT 582 B, I T 2 9K 3l 35 b 3t SR A2 T B
TG A A 0 Bl 3 TR o T R R B O R F

WRERENZES HIEE MR IR . A5
R [ T 5 B L 3 R X K 3 R A C S B0 i Y
PLS-SEM £ ¥4 £ %1 (5] 3 B < TR 5 2 5% Wi /K 4= 300 2% 1)
FF R, 32T A L KO0 R in AR ok R T 5
554 AR U A L AR Dl i A A Y IE A
KRR (P<L0.01), X — MG ag ] 5 B T 55 ot B2 B T
158N AR PR I R W A 45 AR el K AL
R I K DL A o A AR R i R T A 3R
BRI AR L o PR A ) b e A5 U B 3 4 i Bk T K
T R B8 T AR A K T e AR b A R TS kI
TS N A AR R B AR W) £ R R R R
A v R B AN A B v R R T L AN ) R B A L A
B R TR K A T A S R A AR AN TR R
TR K AR B S AR o B X T K AR R S AR
FE AR S, A 5% & B < AH Lb e T R TG 9 R R RN A B
L B E KRR B B AR T AR R R O [ %
T Y L AR A O 25 S O I

T A BFIE W, Bl B2 1 K, b R AR ik i 7 R
B 1) 447 6, 48 O 0 5 1R Tl iR B, A8 R s |
I B B R 2 I e W K R e . HAK K 25 R —
B : i PLS-SEM 45 #4450 51 B m] 0, B 5 B R T 71, b
FAR YL AR Pl B, A B R R S R AR
it A B ) SR 2 TR O (p<<0.01) , 3 B = 2 5d
T L A ARV R B 4R ok B LA TR R N R L Y R R Y
B, Gy A2 Al 4 v e B, 0 T ) 59 48 X b e AR U
RIS ]S o AR 5T 4 R W R 5 B I TR
FEAEBRAH G OG R, 3k 5 20 00 46705 g S 4L B T K
]V R AT L IE 8 W 5T v & B - B A 3 1, A
()T 5 i) [a] BE A 2 28 K 25 R A — 30, TR = o
Pl R 4 K S T a4 5 T ) 0K Bl A KO R R B
PO 1 3K 58 A8 4 4 A I A D 46 Je
JKAE ML (R Vs B B TR RS B B B IR A B
T AR R R RT . 7E 20°BEYE T BT AT Ak BB AR O 5 A
2 b B 5 109 i 35 189 i (p<<0.05) , {HL[a] /F & 48 %)
Il B 00 BB AR T B A, AR5 E— B s | I E
A Z R 2025 Bl 3 B 38 n S AR R M ek . FE AR
SN B 2 R G BN K SR b SR AR A T R
5, L35 8 38 o ket 45 Ak B9 2 okt B L /0N | T R R A
T Bt B 4 ] Ak B ) 2 ok B TR RG L LA A )
PERES i, B 2 6 K %% B 0 48 v, B B A8 Ak x4 ol i
{14 5% V) 8 B A BT 055, FLE 40 mm /h W 3 10735 3 4%
PR, K AR AR 37 3 ) R 4R ol o e 1K, 2
e HP i T A ol BE B AR S TR . T R
AR 5 2R FE AR A2 37 /N XN T AR 408 W 20 e, 4
Py iR T AR /N, LR E A B [ AR B I AR
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