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Effect of poplar soil and water conservation shelterbelt on soil erosion resistance

of cultivated land in typical black soil area
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Abstract: Soil erosion resistance is an important index to reflect soil quality. We aim to investigate the differences in soil
erosion resistance and their influencing factors of cultivated land protected by poplar shelterbelts at different locations in
typical black soil areas, providing scientific references for the evaluation of cultivated land degradation and poplar soil and

water conservation benefits in black soil areas. The study focuses on the soil of slope farmland protected by poplar
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shelterbelts in a typical black soil region, comparing it with unprotected slope farmland. Soil samples were collected from
Liaoyuan City, Bin County, and Keshan County within the black soil region, and their physicochemical properties and soil
erosion resistance characteristics were measured. In order to compare the differences in physicochemical properties and soil
erosion resistance between cultivated land with and without shelterbelts at different locations, the study further clarifies the
relationship between soil physicochemical properties and soil erosion resistance. The results show that compared to cultivated
land without shelterbelt protection, the soil erosion resistance of cultivated land with shelterbelt protection is enhanced. The
soil dispersion rate ranges from 46.27% to 73.12% , and the content of water-stable aggregates larger than 0.25 mm (R, ,;)
ranges from 14.02% to 37.49%. The soil dispersion rate of farmland under the shelterbelt is significantly lower than that of
farmland without shelterbelt, and the R, is significantly higher than that of farmland without a shelterbelt ( P<0.05).
However, there is no significant difference in the soil erosion resistance index between farmland with and without a
shelterbelt (P>0.05). There are significant differences in the physicochemical properties and soil erosion resistance of
cultivated land among different locations ( P<0.05). With the increase in latitude, the soil erosion resistance of cultivated
land protected by poplar shelterbelts for soil and water conservation is enhanced. The results of redundancy analysis showed
that the soil erosion resistance index was significantly correlated with annual precipitation, annual average temperature , pH,
organic matter, total nitrogen, and total phosphorus content; the soil dispersion rate was significantly correlated with annual
precipitation, annual average temperature, and total porosity; and R,,; was significantly correlated with annual
precipitation, annual average temperature, total porosity, total nitrogen, and total phosphorus ( P<0.05). Through the
application of principal component analysis to screen 10 soil factors, it can be seen that soil bulk density (factor loading of
-0.689) , saturated water content (0.684) , total porosity (0.689) , organic matter (0.649) , total nitrogen (0.676) , total
phosphorus (0.619), and soil erosion resistance index (0.64) are the key indicators for evaluating the soil erosion
resistance of cultivated land under poplar shelterbelts in black soil areas. After the protection of cultivated land in black soil
areas by shelterbelts, the soil erosion resistance has been significantly improved, and with the increase in latitude, the soil

erosion resistance of cultivated land under the protection of poplar shelterbelts has been enhanced.

Key Words: black soil area; shelterbelt; cultivated land; soil erosion resistance; soil physical and chemical properties
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Table 1 Basic situation of cultivated land of sample area

B 1 IR E

Fig.1 Geographica location of the sample site
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1 NE "
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Table 2 Basic information of test soil sample

kLA A,
Ko Soil particle size distribution/%
0 e PRL Sand  BYRL Silt KL Clay
° :,,:—" o o A gl EER NS 31.50 36.00 32.50
~ ~C o T it 35.06 40.71 24.24
w. ~3 : ,,,,, N EH O AL 39.64 38.04 2232
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TorH 40.85 36.14 23.02
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Fig.2 Layout diagram of sampling points
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Fig.3 Physicochemical properties of cultivated soil with and without shelterbelt protection in different locations
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Fig.4 Soil erosion resistance of cultivated land with and without shelterbelt protection in different sites
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FHEP R A RS T AN (F,) SRR 22.03% , Hirh SMC I GP 2T . 4 = F R (F,) Bk
A 11.38% , EFH DR Fl Ry, B, A0 (F,) TSN 10.34% , 5 +58 pH PesE o R4E B
SYEAT R 1 S X [R] HlS RAR K E RARH F E R EUR I BE I I B8 (F) (£ 4) 450 %
76 3 M B BUR PhBE 1 45 A5 s A IR ST Il AT IR

F3 EMSBETEMRERSHHE

Table 3 Factor loading matrix of main composition and principal component eigenvalues

A+ Factors F, F, Fy F,
ZYH Bulk density -0.689 0.562 -0.145 -0.044
M FIHF7K B Saturation moisture capacity 0.684 -0.672 0.066 -0.18
BFLBRSE General porosity 0.689 -0.658 -0.03 -0.131
pH -0.095 -0.295 0.158 0.908
F LI Organic matter 0.649 0.398 0.429 0.054
42 Total N 0.676 0.365 0.033 0.327
4T Total P 0.619 0.576 0.276 -0.082
PUIAEEL Erosion resistance index 0.64 0.473 -0.167 -0.012
ML Dispersion rate -0.301 0.043 0.704 -0.202
>0.25 mm KFEEF EEK>0.25 mm water-stable aggregate 0.476 0.256 -0.55 0.024
TLHk# Contribution rate/% 34.136 22.033 11.381 10.34
Z3 51k % Cumulative contribution rate/% 34.136 56.169 67.55 77.89

F\Fy Fy Fy 3 5FRR S — = = M

R4 ERSBAFEHRIENRHEENGERS

Table 4 Principal component factor scores and synthesis scores of soil erosion resistance

VLS
ffnf F F, Fs Fs F comp;hiiﬁ rank
seil 0.934 -0.406 -0.801 0.054 0.185 2
T 0.244 0.332 0.290 0.418 0.299 1
LR -1.138 0.138 0.566 -0.475 -0.440 3
3 itig

3.1 AT B RITCARAT B PR b S ERA PR B RN B i 25 i

- HERR A TR S M Y E B AR, K R AR RS X R R A T R R AR
FERIN AR EORFEHT B 57 SR AK T v L B 88 pH, 3X AT BB SR PR K PR RS S LU Y 2
K, HARAH 2 B FE K 3K S BRI ARHE O BE i K7 R AT w4 @ B 1 R I, pH s/, A ARHE Bl
P g A A S AR IR RN B A TOMCHY 4 O PR R R 8 e ML R G2 T B AR R v
il R 7K A B AR SEFR ARG, B T /0 7K - AR R AT B 9 R AR 8 NP e AR, A
B A M B R e A R BRI PILT R TOMOHT B B A X nT B2 N oA e R AN
AU 1 AN AN 32 B A 1 DA TR O % 52 W, Al 3% 2 R H At N Sk MR B AR 06 3l T e S 6 LR AR
B

I SRR X RS T Ay EORGE VR R B HETRE D, 385 A >0.25 mm R KRR M A SR AR KL
| A R T RS E MR, A BORBAIG, PiR phfE bR > AR R R, KB A RS
A TR NA T R IRTEYZ , RENS 1A N s F KRS B2, Wl 92 728 3t Ot , DA T 412 v = 388 i e b R e v
e, AHFFE WA, i K AR B9 T A8 +35>0.25 mm /KB ME AT SRR B TIOR3, oK
INFTOAR A3 IR PR R 3 i K = PR MGHS S5 A e A 12 A T, RE A A % T = 19 Al AT SRR B 5 T 43 A
AR, SR THE AL A A1 R B, BRI AR 2T AT R AR B A e vk, A, Bl §P AR 2R mT DA i 2 A% i 1
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KRR P R A s, RIS AR T T, RS 5 B 4 BRI 51 S AR, >0.25 mm K AR PRI R
A AT, i TP - 9L SRR 25 5 4 4 B SR 2, [ AR L o | 1 It A2 0, oK B g 2 2
BT R BL, Bt 26 B B TH5 A REK ERFFARAT B 57 T A B i - SR A B A5 80, >0.25 mm /KA AR A5
TRIZETHEN, 73 BRG] RESRE N A I8 9 ) A B 28 e B A 0 B PG - S R Je 24, ol st -
ZEALE BT A R TR (Y IN S T TR A (RS AL R A S R R AR R A AR K
G W 7K AR o - S A SRR R T4 o S AR e M AT
3.3 TS PE B LR R A

[T SR S0y AP oo o 7] i ST SO G N e i E D b= SEi Ao DI | S wee £7 =41 S NI A -4
FIERGIN T HHEFLBE oK AL RS AR T AT, M b g e SR AR 2 PE AT
fRERE SO ARB R, E U ECS E pH (R B E SN, 5 R ALR 2R e R B E
FHOR ;0 B3 5 R LIRS B 25 A5G 5 >0.25 mm AKFRPERT SRR B 5 B ALIRURE | A U il 1 35 1B AR O
3T R PR S 7K A PR M 38 3o MARE J2 MRS T A 2 U8 7 0 ) 4R B A, W38y T e ), o T 8 8 B
TIREHG AR RDL RAF LR, RN /K 0 Rl s SR BE 0 it 2, - 3381 Bt 8 3 ok 98 o 4 18
AB FER IR I3 )RR JZE B RIS 8], AR T AR AR AL, 1 L SR B4R 7 ORI O RE 7, ] i) 980
KL FLBREE A B T2 Rl MUK 7 A, O 50K IE TR B 5 T RSP, A R0 A F
VSRR M, 38 L ST b e ™ 3 R 4 pHL (I gk 52 e - 39 P SR 4 T ORISR 2 P R - T
PE R L B R A ALY e S T AT T AR S5 IR, A LTUR R AR S R 1 IR 2 7
REAZ 40 1S Y B A BE RN VE | 35 58 B0 AL AT DA S ADRE S5 44 B0 T8, ol - 2 P SR ARG 8 P o | i 1
SR ITRIAT R0 i e iR

4 g

i [ B e 7 N i B2 W 778 v N W 7 N O o L K LY b AL T o1 e £ 7 v w1 e 1 X i
e, HEESUR IR EE IR BB BT, ST R K AR R R IR R T B R,
3L FR AT, A AR AR B LR AL 2R R BOo S bR il se
FISZ I e B 5, 2PN PR - XA AT T # b - ST b i 55 1 SC B R AR . FEARSR I SE | N 2R A 5 TE R
FRLH R MR T 2 A A I R i — D M R T DR Dl R A R LT, A AR U B A J8 - XK - fR Ry
Kb A S0 AT 4 2R PR AR
£ 2% 3Lk ( References) :

[ 1] zZ=hk, W3R, Wokdl, J0GE, T e, BOEAE. ok 2 v A 37 % i R0 B+ P SR AR s v Bk o3 A B A P (R ). K R R T 52
2021, 28(5): 61-66+75.

(2] ZWEW, sKIEFS, XNEHE, AFE. ARICHE L XIS - e BR A A9 2 (8] 20 AR AE. K R BRASHIESE, 2024, 31(4) : 135-144.

http ; //www.ecologica.cn



11294 JAE = 44 %

[10]
[11]
[12]
[13]

[14]
[15]
[16]
[17]

(18]
[19]

[20]
[21]

[22]

(23]

[24]
[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

[36]
[37]

[38]
[39]

[40]

FLIEE, 0, SR, A T i 4P b BT B0t o - S AT SR AR AE Rl e P g . P Al RG22 4, 2022, 42(11) ¢ 130.

R, B, SO, AR DCHBE i+ P BB E PR S A HARRAE. P EDK R, 2020, 18(6) : 43-52.

WO, AT, SRR, ska0on, #IART, AEE. SRR LR X E AR T TEAN. MOlL R ERFSY, 2013, 26(6) : 752-758.
MNESE, BIHE, sk, FAUE, A, IR X E AR ZER T e oA, AR ASERIE A, 2010, 19(8) : 1862-1867.

Reicher ] M, Norton L D. Aggregate stability and rainimpacted sheet erosion of air-died and rewetted cayey surface soil sunder intense rain. Soil Sci.
1994, 158(3): 159-169.

LR, Jtad, WIEHE. BACEE R A RS TR, K LRI, 2018, 25(1) ; 13-14.

FHER, BEA, K, O, SO, EPCHE, wR. SR SR P RR AN [ AR A B B 5P bR o 22 R K S KRR R R Al R
224, 2011, 45(5) : 542-547.

TRHLEE, DRI, NEEME. AR X M L Bt b 48 P SR A 2R A B R PR S ZRIE ARl K24, 2022, 50(3) : 93-98+108.

NG, UTIAR, A, TKZAE. PR DA AR F B bk L e P R R A e . K LIRS AE, 2018, 38(3) : 66-73.

HRVERA, WU, XUBL. AP B AL ES SR A R R W B I AR R R . RS AR, 2022, 46(5) @ 1056-1063.

F, BERE, T, AP, R, BN, B0 BT RUSLE (928 4 DX SR ELo 4 32 Dl 2 AR R AR AERRF 9T . /K TR FrdE i, 2023, 43
(5): 227-234.

AR, PRGTE, ERW, DU, DM SRR RIRE AL O BRI, K RO, 2024, 38(4).

REL, A, WA, WREEM. AR R 3w SRR DR A . ARAEAOL AR R, 2021, 49(5) : 105-108+119.
WA, R, B, Bk, TRE. Yot R SO S LRI EMER SRR, Ul K221, 2018, 40(8) : 56-63.
oA, BER, TEXRE 8 o  ERHK - DRSS PP IR T () e oK R AR SR BE LR S AR PR, K ARSI,
1990, (4).

WRILHT. TS S~ O, W R : Rl RS2 A, 2005 43-50.

Ren C, Zhao F, Kang D, Yang G, Han X, Tong X, Feng Y, Een G. Linkages of C: N: P stoichiometry and bacterial community in soil following
afforestation of former farmland. Forest Ecology&Management, 2016, 376: 59-66.

FRA B, JepEsR, A, PR, ASIRIK b G o i R B AT SRR R . ARl 222541, 2019, 47(6) : 26-35.
Grosso F, lovieno P, Alfani A, Nicola F D. Structure and activity of soil microbial communities in three Mediterranean forests. Applied Soil
Ecology, 2018130 280-287.

Wei G, Zhou Z, Guo Y, Dong Y, Dang H, Wang Y, Ma J. Long-Term Effects of Tillage on Soil Aggregates and the Distribution of Soil Organic
Carbon, Total Nitrogen, and Other Nutrients in Aggregates on the Semi-Arid Loess Plateau, China. Arid Soil Research&Rehabilitation, 2014, 28
(3):291-310.

WY, BET, XNER, KIE, dRIGE. R0 MR BB R 7 B PR AR 0BT, At Al Raz2A40, 2024, 55(1) : 43-49
+69.

ARFE, RAIE, BREME, ROR. RME SRR ERIRGE. SRR ARBID) , 2020, 42(2) ; 382-392.

WERE, BHEGA, MBS, TRUR, sk, SEIE. AW SRS AT SR A2 K R AR, AR, 2012,49(6)
1069-1077.

XEE, E5, BT, sk, &R, B0, R DA MREX RO L XA R T AT R R AR, K PR R
2020, 18(2) :69-76.

AR, AL, FHNE, XUNR, XL, BIGHE, m5Y. LR T LR YR Y i A i AR A S HSE R R R B Meta 34T
AZSIREL2AAR, 2023, 32(1) ; 47-55.

TR, FORSFT, 25, T, UL UK SO A R ST i e PR R 3 95 40 TG BRI AR AS2EA, 2011, 31(24) ; 7579-7590.
. B KB B RN AR AR AR R A R B L g SR T R R P M A AR AR [ D] st MR R 2019.

SKBL, S, B, XUGEE, BLERE, TEA, B, dkgE2. RS RGHE YR W N R AT SR R AR, 2023, 5
(4): 46-53.

FET T R RIRE K S i 7 o3 B S S A SR FORBR G [ D] A : PHALAHRBRE K, 2022.

TG SR A DO b R BOK GRS AL (RS TR [ D] YRR PRBRAO R, 2020.

BRI, AR, EFF, M, A K EREE XTI - LLAAR- D9 52 R JEathRll R 2223, 2016, 38(4) : 44-52.
Ma L, Teng Y, Shangguan, ZP. Ecohydrological responses to secondary natural Populus davidiana and plantation Pinus tabulaeformis woodlands on
the Loess Plateau of China. Ehydrolrgy, 2014, 2014, 7(2) ; 612-621.

Xia L, Song XY, Fu N, Cui SY, Li LJ, Li HY, Li YL. Effects of forest litter cover on hydrological response of hillslopes in the Loess Plateau of
China. Catena, 2019, 181.

SR, ERUE, BRAEAR. SR A DOK R R I m] ik 2 . oK R AR EER, 2000, 23(3) ¢ 25-33.

WAL, BUAL, B4R, RIE, R, S, WEE, WA AR LR T T AR G DR R R R e B B O
. RO R 2E R, 2018, 39(1) ¢ 77-90.

KUK, Bmfh, IES. B0 EA R G RO R 3T S R B it . K R ORERE, 2021, 19(4) : 150-152.

PRk, JARIZE, 5552, IMRSF, SEPEAL. AR 2T ) DX BbR 43 A e AT SR R RS E Mk R BT RE . VLR AROR S 24, 2021, 38(6)
1161-1169.

KT, HROEHE, AT, ARAC A A X A SR i BEL T %ok b ) P2 R e 7 s D 3R K A fpA Al , 2024, 38(5) :40-48.

http ; //www.ecologica.cn



