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WE: [ B8] KT HH LR AR MR KT 657 0~180 cm £ & EIERHF A6 H o, HHAIKELBR
BESGERBAERE, [FF] AEBHE LHRREZNABRAER TR KT U h R E 238 A #I A Robinia
pseudoacacia F= W Platycladus orientalis AT %, T 2019 5 5—9 A A K EF R LIE RS AWM, F KA BT
B, B Ry @ R ARMM S M Ak LI R AT R T LR, 5 R B LA e KB - 4R A m T 6 LR A AR R
R , RN R TR RRAR LESREGHn, [ER] AKFEFRRAMBER . RIU-ERATE
HIELREGENRESER TN TAMEW X, FREAFLFH LEERE & FHEURIR KA K- A0 (18.68%). B
RILEN A ARH (16.19%), KT H-RIARAKN (16.10%), B KL @R AN (15.42%), B2 8 R E, KPHEbEEE
4% o B4R S AL AR T R AR L3R AR T 15.38% ., 4.41%., A¥E LIEK S8 H TAAE, RPFH-EH T ARA 23K
D ERE . REFRERE : KRIFRNMAREKRE, REFXKERETTE A 0~80 cm, 8T 8 R3L @M Aaik iz iR
B 33%; KFURMARMERE, REKXKERERE N 0~140 cm, AT T 8 K3 & &) AR AR 3 32 AR E 40%.
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Soil moisture characteristics under level bench and vegetation in loess area of
western Shanxi Province
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Abstract: [Objective] This study, with an exploration of the effects of typical afforestation tree species and
level bench measure on soil moisture dynamics in 0—180 cm soil layer in the loess region of western Shanxi
Province, is aimed to provide a reference for vegetation restoration and comprehensive watershed management.
[Method] Taking the level bench , which is a typical engineering measure and the main afforestation tree
species (Robinia pseudoacacia and Platycladus orientalis) in Caijiachuan watershed in the loess plateau region
of western Shanxi as the research objects, the soil moisture was monitored in the growing season of 2019 (May
— September), with a synchronous observation made of the soil moisture of natural slopes of R. pseudoacacia

and P. orientalis using the paired experimental design before an analysis was conducted of the soil moisture
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characteristics under the comprehensive influence of different vegetation types and level bench and the response
process to rainfall events and the effects of typical engineering measures on soil moisture of different vegetation
types were evaluated. [Result] The changes of soil moisture before and after soil preparation with different
vegetation types and level bench were closely related to the changes of rainfall and the average soil moisture
decreased from level bench-P. orientalis (18.68%), slope-P. orientalis (16.19%), level bench-R. pseudoacacia
(16.10%) to slope-R. pseudoacacia (15.42%). Compared with natural slope, level bench could increase the soil
moisture of P. orientalis and R. pseudoacacia by 15.38% and 4.41% respectively and according to the vertical
variation characteristics of soil moisture, level bench could significantly increase the depth of active layer and
secondary active layer of soil moisture: the depth of horizontal active layer and secondary active layer of P.
orientalis ranged from 0 to 80 cm, which was 33% higher than that of P. orientalis slope while the depth of
horizontal active layer and secondary active layer of R. pseudoacacia ranged from 0 to 140 cm, which was 40%
higher than that of R. pseudoacacia slope. [Conclusion] The dynamic change of soil water content is closely
related to rainfall, engineering measures and vegetation. Level bench is an effective engineering measure to
carry out ecological restoration in small watershed of loess plateau, and the lifting effect of P. orientalis level
bench is better than that of R. pseudoacacia level bench. [Ch, 3 fig. 3 tab. 37 ref.]

Key words: level bench; vegetation type; soil water content; dynamic change; loess area in western Shanxi

K o3 Ve R R AR SR P RARREK L MK . KRN R KA B AL i R
U AEREW . AERRAY . R SUEE Z R T, RHOK AT RE A RS 2 50 WA E R
A MESS AR IR T B A X, R T AR (IR IS MR B TR, 2000—2020 AFEHATE],
b R bR R A b AR BB, B AR DD T 12 918 km?®, AR TEI ARSI T 3 232
km?, FEARTAIGINT 555 km®, AAHIH A>T 1982 km™, (HEE Fm iRk 2Kk, AEH
A TE MR T AR T KA R KT, A+ 58K 55 B & 7= B0, HIET R ORBT IR,
T BRSO T RREIN TR FE R R, RN SRR 2 5h5 . Bk, W5 58K 55
ISR FLEA TN MR R 5 R AR S R RS FI D RE AR fb 2 X EEE

N TRER R T AR B AR =K, RS . AR K . s TRt BE S A 3K
fEHEKR NS, WAOMFRR, BHUK LK, RGN LK ERNT, Hd, KPR EE L
JE LAY TR RS, XTF 40~180 cm )2 RIS /K EAR T LA BL R, AKF- BB 1l 5 A 204 A= P it P
B, AMUGEREE KRR, REER AR, ERRRAREEERK, MGE AR, ERIR
B R EAE R,

FI#E Robinia pseudoacacia FMMAA Platycladus orientalis 16 N PESE: . T T 25008, MO T 88 4 & A
PR S AR A E AR, 1 2 2R S B e R VA B X AR R R e R v 3K AR AR | AR
FA | MRS S ORI R IR T 2 REEBFFEIS0, X S5y 248 i e AN [a] Mk & 7K SR G0 Y
XTEG, X KT B 4 kb 5 BRI A AR 25 5 T 09 2 KRR R IF AR Z 0L . SET I, AW s vh i
- XA B Fr B VA AR X, S LI, A B AT B R MR RS S VR R Ko s B4Rk, oA
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1 #MEEF&®

1.1 BFREEGR

BIF 58 DA T 1l 74 48 T B RO SE I, M B AR AR O 36°14727 "~36°18'23 "N, 110°39'45 "~
110°47'45"E, J& T YUY LRI ARIX, RSB £, BB PRI B i KRG A%
FERT EEAERTE 69 A, AT N 579.0 mm, ARWEA KRN 1723.9 mm. ZER)IHEA AT
MULRIREAR . JMFS Pinus tabuliformis ¥k . MFAMAE 3, M HEBELLI2GFE Compositae, RAFE} Gramineae



998 WroIL R R K A R 2024 4£ 10 H 20 H

1Bl Rosaceae fi M) K £, REMERYA BRI Rosa xanthina . + JEZ5 2k % Spiraea pubescens . 5%
Rubus parvifolius . B8 Artemisia gmelinii, 2578, Artemisia selengensis . #5¥%- Phalaris arundinacea. *%1
7 Syringa oblata, %% Carex tristachya % .

12 MRAZE

121 Ak E DIFSEIX AR O3 25 B MR B AR — S5y S8 T AR B B AR s AN AT AR A DAy 87K
SIWLINAE L, SR AECM RSB, 20 B A AR RAR L . A SRS AR . K BRI RR A |
KB ARARHE , TR SR o LI, 2] T AR IN B 3 NI 20 mx20 m B9RETT T AR
KR, 0 5E A A B S7 0 2R F IR T SR AE R, L dE IR . S . Bim) LLRObR T E A i A . B
o, E R LA, AR L 1.
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Table 1 General situation of the sample plots

=S E i WM ) ) EEMATFEY® Kf/em B /m /M AFH/(grem”)
HARBCH R 1 127.5 23 230005/ PEE. BEMIEC 20534438 15.3242.01  3.34+0.87 1.46+0.08
IKF B s 11275 23 230(P4RE) AR, EOFIE 20.81£3.97  15.93£1.98  3.15+0.94 1.31£0.15
SRS ATV EvaNiA 825.5 21 180(14) L 11.44+3.79 7.0241.99  2.78+0.89 1.260.14
AP Bi R 825.5 21 180(1%9) AR 11.93+3.45 7234154  2.59+0.72 1.19£0.11

VLWL MAR . WL TR AN A AR P (bR 2E

122 E3EARSMEFE TARH AR A 00 [ 5 (frequency domain refletrometry, FDR) -3
KBRS, AR IR LR (0~10, 10~20, 20~40, 40~60. 60~80. 80~100, 100~120. 120~140, 140~
160, 160~180 cm), 7EAKZ (201945 A 1 H—9 A 31 H) #47 HHEK A E AWM, S min JE 1K,
9T % FDR I E L BEAT BEbrn e, 7E AR REH P Ol H 350 2 m, &322 10em, HEE&E L, HIKL
T K
1.3 BFEHEARRSEZE

BIPHEAREM B RR T RERIT I, BBETEAFTELFEAS A 0T 1 3Ll LT R 280
Mo AWFRAEAR BB TS R IR ilra i, AR R B RN, i it 32
B, [FIEERIARAEZE (S) AR S 2B (C) MAEAr, X H3H0K 0 Eramidb i R3S, e 180K HAR L2
&[21722]0
1.4 HIESITSH

K H Excel 2019 F1 SPSS 23.0 X LA #4758 4r, {4 H Origin 2019 #4750 8s rT il fL b3, %
JH SPSS 23.0 #-A7 L. E J5 2253 H7 (one-way ANOVA), M EEIE P EEbrE 2 KR, RN E AR IKF

% 5% 8 HE R TR/ 35 25 52 (LSD) 37K N0 mpmn 110
CaSSEEETI

(P<0.05). (0 Wl £ 18
60 =
2 RGN £< 50 _GE
E= ' . i g
21 EREETHE EE ‘s
2019 EBFEIC SRR RER 85 U, BRIy 2o p [ 4 ) 12 B
390.1 mm. WE 1 i : 2019 FFAEKFENIL LA (WAVARSLVE ¥

S4 WREENFAF, EFEWEN 304.0 mm, (544 R

P 77.9%. Horh, BoRFERTRY 02 mm, FokkE
Ml 77.8 mm, e RMEFI R E K 9.6 mm-h!, i

K IO 15 5558 h. 76 54 YRR (Rl I MR-
PR T 20 mm B4 23K, MlkAfE 6 H 4 HAL H 1 Ejzlz 2019 FAEKF (5—9 A) edu A
9O 9 H, AR BRI 45.90%; K i 7E e

Figure 1 Rainfall distribution during the growing season (from May to

5~20 mm YRR A 12 00, AR K S N R

September) in the study area in 2019
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(1) 38.90%; FERMIE/NT 5 mm MFLA 40 K, HAEKZERER RN 15.20%. AT ULAFFE I R LA/ N3]
MihE, e 6—9 H.
22 THEEASRTIE

DL E SR AR AR AL K 2 K AR A ] (B 2A): 5 A BERR AP, BrA 3 S K E T B E A
fb; 6 HBEEREMEAIG N, 0~60 cm 124840 EIZL; 7. 8 H, BEGEREM &AM, HEKS AR
/s 9 ABEE AN, 0~60 cm + )2 HIES/KEIE S &

A SRYITH A B AR B. P B AUBEAR S C. 18 SR YT AR AR D. /KB A AR

B2 KFH-EEARTE LR K F R 1) 6 3h & T AL

Figure 2 Dynamic changes of soil moisture with time before and after level benches
2 AT & A /KB T s Bk 22 5 0 3 (P<<0.05). 5 A, ZACER AL 1 3585 7K
W E T A SR TR AR, KT B AR b A 0 K T SR A AR M (P<<0.05);
6 J, JKF-Bir e bR i 9 K B R T AR AT AR Y (P<<0.05), (ELZKF-Bi R I AR 35 T B AR A
ZBIZERARE; 7TH, KBRS 35K S BRI 22 5 A B3, AKCER AT AR
TR R B & T A RBEAAI AR (P<0.05). 8—9 A, AKFErilArski 3 5K R B E T AR
I MR (P<<0.05), {HACE B AT SR EIAR AR 1 Sk 2 22 AR 2 . ZRA X LA
HOHT S o K, INKREINHET KB Aa sl . B AR RN AR A . AT B R ML . SR 3 TH

PRI . 3585k I ) A2 Ak 55 RN B KNSR D), RS T 2 9 185 m i 4

x2 AEEMZERATEERESKE

Table 2 Monthly variation of soil volumetric water in different sample plots

s SR BUE KA/ %
RS TR M KB AR RSB T AT b S KB A A
5 13.60+0.12 Dd 15.84+0.17 Cd 15.98+0.19 Aa 16.25+0.10 Be
6 16.91+1.46 Ba 17.68+1.20 Ba 17.06+2.13 Bb 21.5842.73 Aa
7 15.48+0.49 BCb 15.20+0.53 Cb 15.73+0.72 Be 17.74+0.61 Ab
8 14.31+0.37 Bc 14.47+0.31 Bc 14.51+0.51 Bd 16.98+0.40 Abc
9 16.82+2.05 Ba 17.30+1.84 Ba 17.69+1.87 Bab 20.86+2.64 Aa
ait 15.42+1.32 A 16.10£1.22 A 16.19+1.10 A 18.68+2.14 B

Ui ANFREFRFORE— A R R [ 22 57 B3 (P<<0.05), AF/NG FRERIRE —FEAE A 3 Z (822 5+ .35 (P<<0.05),

23 AREMTEASEESS

H2 3 AL [Fl—IREE AT B i f5 K o AN, SRR B I 5K 25 7 1 3 (P<<0.05).
FEIE BT b, AKCF W5 45 12 sk B AR T, MRS 1 211 398 ki 3 s Tl AR
b, 0~10cm +)2, 4 MM KRR EZES, HAuKER kb 38 5K R, N 16.25%;
10~20 Fl1 20~40 cm 122, A SRYE AR MCHD 398 5 /K o 28 T A SR TR BE AR HE (P<<0.05), 7K-F-Bir
SRR S RN AR I S K 25 AR s 40~60 1 60~80 em )2, ZKF B AR AR b A A A b - 35
Bk B T AR TR AR R A AR (P<<0.05),  F SRS T MIAT AR HE T8 S K B B T A AR
TR A (P<<0.05); 80~100 cm )22, KPR F SR THDRIR McHD 1 8 Bk i 22 R 3, 7KSF-Biil
FAARHE 35K B T A R A AR (P<<0.05); 100~120. 120~140. 140~160 cm 12, 14
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oK AR R] 80~100 cm +)2; 160~180 cm )2, ZK-F-Bfil BEMHL S [ SRS T RIS b 1 158 5 /K 5 25 57
AR, AR XM AR 435 S KRR T B3 (P<<0.05).

®3 AREEMTEERSKEEESH

Table 3 Vertical variation of soil volumetric water of different sample plots

HIEE K%
+J)Z/em
1 SR T A b TR B s SR TR KPR bR
0~10 15.36+2.99 Abc 15.96+3.40 Aa 15.89+3.25 Abcd 16.25+£3.31 Abc
10~20 16.85£3.79 Aab 17.05£3.95 Aab 20.59+4.38 Aa 21.22+3.98 Ab
20~40 19.37+£3.64 Aa 19.49+3.65 Ab 21.57+4.54 Aa 21.93+4.38 Abc
40~60 16.95+1.82 Aab 20.08+3.96 Ab 21.30+4.59 Aa 23.06+4.06 Abc
60~80 14.32+0.90 Cbc 15.48+1.81 Bac 19.494+3.03 Aac 21.54+2.86 ABbc
80~100 13.81+0.87 Abc 13.69+0.48 Aa 18.88+2.03 Babc 21.03+0.85 Ac
100~120 14.30+0.15 Bbc 14.70+0.19 Ba 16.11+£1.03 Abcd 17.35+£0.33 Abc
120~140 13.1540.58 D¢ 14.07+£0.46 Ca 15.61+0.23 Bbcd 16.93+£0.32 Abc
140~160 13.41+0.39 Dc 14.17+0.38 Ca 14.86+0.23 Bbd 17.18+0.28 Abc
160~180 13.57+0.79 BCc 13.23+0.26 Ca 14.12+0.43 Bd 16.68+0.39 Aa

U ARIRE FREFROR ] — IR A IR 2 7] 22 57 B 35(P<<0.05), AR NG FREFRIR ] — AR A [RI TR B 22 [0 22 57 1B 3#5(P<<0.05)

A5 S RPN KN e S K AR R ZURR S, A BB/, RIS KR AR LN, Rz
Ko 7E0~180 cm 2L, ¥ LK 538 3 DR : HIRIZ . IRIEER)Z LA X R
FE R KB HLAT IS . AN AR S BURE b 433K 73300 o0 2 R AR [R] SR TR R AR H /K 5315 BR 2=
0~10 cm 132 (§=0~2.99, C,=0~19.44%), UIGHEKZEHN 10~60 cm 12 (5=1.82~2.99, C,=10.72%~19.44%),
60 cm LA T + 2 HAI N a2 (5=0.79~1.82, C,=5.80%~10.72%); 7K Ky Hill B AR HE T K2 H 0~20 cm 1
2 (5=0~3.95, C,=0~23.16%), Xi%IKIZ N 20~80 cm + )2 (S=1.81~3.95, C,=11.67%~23.16%), 80 cm LI
T+ 2 AN E )R (5=026~1.81, C=1.96%~11.67%); [ #X 3% 1@ ] #1 bk # 3% 8K 2 4 0~40 cm
(5=0~4.54, C,=0~21.07%), KifiEKJZHN 40~100 cm EAYTE ACEH BRI AFH
(5=2.03~454, C.=10.75%~21.07%), 100 cm LA F + LA A DA PR DA PR e
2 A FaE 2 (5=0.43~2.03, C,=3.05%~10.75%);
K B A A i 36 BR 2 A 0~60 em 1 )2 (S=0~4.06,
C,=0~21.40%), K % K JE A 60~140 cm + )2 (S=
0.32~4.06, C,=1.72%~21.40%), 140 cm LA F +J2H
A X E 2 (8=0.32~0.39, C,=1.60%~1.72%). M
Bl 3 AT LAE Y 7K B AR AR Y 1 387K 73 1% BR 2=
YRS R 2 G T B A 0~80 em, HUIR O L H
SR I TG AR AR M (0~60 em) 4274 T 33%, [ARE, /K

B R B K 3 BRI 5 VK B2 VR R wb L[ L
I 0~140 cm, b 1 S48 UMD (0~100 cm) 42 SRR T e
TET 40%. MHTHREEHD - HEk 45 0 T8 BRI B B3 RRAFRLEKSELERNS

Figure 3  Vertical soil moisture level division of different sample plots

JE S ) KRR
3 it

IR SRR | O . B RN R S 24 26 B DR A AT 5 TR
EERFE, WRAHDKMEERIL . AR AR N SRRSO, MR

ARG N, 35 AR R A A 0 BRI YR TEA R — B WFSTIX IR B2 R AT 5—9 A, IuBir
BRI AR, 30K ST BRIV R AT o BP9 XN AR 38K 2 ek R AT 1 Jel 4 e 1] 22
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Sk, 5 A, TR RERANMA B, BHESOKEER, HA 6 A, BEREREMERNN, S
KEEVR ETHES, 7—8 A, HIEMBIENT AN, (H S KRB R BN W R AR RO S, o]
RESZ T 7 A%I0T 40, AUETHE  RFHERST AR, R A BRE SRR, N2 B 0 AR 2R XK 23 Y b
7o, YA IERGBL, [N B Y 2 s 1 L2 AR I AR iR, THAE T —&B 2> L3k,
Mt - HEK SRR 7T—8 ARSI, X577 7 SERI IS4 R — 2

EAWFFEAERNS B A b DX B AR BERE 5 A8 LK FFAE B b R B BRI R =19 70 A1 A% )
Sb, AR B B B R K B R N R, oK sh BB SEEOEZ R . W R
FARBUAE ELHASE S AW R B AR IBEET AT B DA A 398 5 K o 23] S 3 o T 1 R BT ALK
FEr AR, X AT RE T AT AR, SRR, R RSO SR R, ELT L
AR TEASIT LR s S5 —07 T, RIMAR AR KK, MoFekER, SECESKERK. X5%F
B 2RO R DY B DX R A T ARRRAE K 38K 73 Sh A F T B4 R — 2

AT R : TR B st 7 O0f 135 K HAT B RO3RTHE T, ELKF B 5 20 T DA A
TR IR TR AL TR . KT B UAAAR D . SRR A AN [R) TR ) 3 5 K AR 5 T A
SRUCR MR . IR, XS RTARTRE R 2T, TR G IR 50 s s e, 2%
WK, MTERTE LS Sk R EBAERY BESEUC . ARIRERTSREE S, AN R G e 9 5t AT A4 i -8
Bk, HACEBXT 3K B IECR UL T Mg, X ik W /K- B b 0y 200 i vy 138 S K ke 2]
TRWREE R . BRRAERT WRSEAR . R R X IR 3K o B AS 1) S BOME SR T, 4R T TSR A
BT AT KCFE RS, AR E SRR, NIk AR, RARE T
ISR S KPR T i R S KR A RCR AR MO TR bR, — 5 ] RE R T RIBAR A
wYIRE R HY) T, DR RIS REIR, JKCFBir 8 s MR AR n] DU B S 2 P87 ),
Wi T ROk A K, AT S K ERINCY ST, AR R R R, XRE KA R
B, REEOKERGE, XSRS AR

ORI B YR EEAZ R . R MRS S M N R R, SRR R ROk
SrENAEARIZL, TR LUK AR AR E BIFFIER S ARl R BRI AR AR, A S K
AR N TAR LSRRI 0 52 . FIHZE L AW EARRER s A 2K A, B 3K
YRR 73 P AR ZEHGEK)Z L MR REARZREREK)Z | RIBLZRBREK)ZDY s i AR I 5 R 50K £
K o33 B3 0 AR JR AR AR E SR . AWFFEAR S ek | B LA S R RO T ST L 1
K o33 HRAR R 7 O HHE SR RN | UGRERZ SRR R . EER)E A KR RN b
HEZRHUL . BRI A K, SRR, KSR ABONRIZL; O BRIEAL THE BRZE S AR E
JRASHMA, AR R EE AT T IR, AU KGR Bk B s B LRI RY BN, AR
X 2L AR B A T /KA FE, 2 T BN, Brll R sk b ol TRsE . AHSCHGE
YA, KB B e A R IR, U BT ) B R BOKMRIRIR | RIEERE L AR E R e
Aii, JEHE N TARMAR G AR B ARRFFEAE R IR KPR AT 55 T 1 MR A R R R bR + 3
T IRJZ 5 U IRZ AOTRIE o I IR R 7K1 B 8 o o i 1 i eV e, B0 1 3K o A9 AR
oL, — I MRE A AR AT, 55— 5 it AR P AR B R L, AR B RE S BB A AR U5
PR BRI ERE S, i A R K B o M -+ S I b SE AT 5 ORI

4 i

TETRF BB s AR B RS AR SRR, 7K B s i it A 2 3R T R e kA, ELX AR bk Y
FETHRCRAL T RIS o 25 4 RO X K o rT R 0 G BRI L OSBRI . MR E R 3 R EH)=
U, KPR T LU AR T UK TR BRI | DR RE TR, HACE B AR AR e TR 2L Tk
B R AR

5 %HE U
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