oL R AR K OF F IR, 2024, 41(X): 19
Journal of Zhejiang A&F University
doi: 10.11833/].issn.2095-0756.20240114

B E T X s AGE R E MR TEXT £ 8K 53 Bh 2SRy 22
BB, RS, A%, EFE, EWP, EEF, T

(1. degiptoll Ko sk AR R4 BE, dEat 1000835 2. db kol Kok vl 5 B ZRbk A 245 22 40 [ 52 7 1Bl UL
g¥uli, dtE 100083)

WE: [ 869 ] KEFTHH LR AR SERAAFKT B ER T 0~180 cm £ 2 LE RS F B 69w, AR IR
BEABERBEAZRE, [FH] AEBE LERRERNARLER T2 K P W2 & 238 kA Fr R M Robinia
pseudoacacia FM# Platycladus orientalis AR5+ %, T 2019 F 5—9 AAKSFFE LRy AN, FFR A BATK
Bo, *F B R E R AR5 A AR R 5 AT R F AL, AT R B AL R KR B S 2 A eh 0 R K AR
st E AR, R TR AR LE ARG Ym, [ER] AKEREAMEER . RPN S
HIELKRFOENREGRENTAEWAX, REARFH IELKE & FHEAR KA R-FH-M MG (18.68%). B
RIR M AL ARH (16.19%) . K-TF-HRl AR (16.10%), 8 A3k &R (15.42%), B2 8 ARG, KFHEbibast
4% o AR S M AR R AR EIE A KT 15.38%., 4.41%, I L3Ry E A T, KPS TUREFRI L
BRSO ERE ., REKRERE : KFUMARIERE . REKRLRETLEA AN 0~80 cm, AT T A K3k &4 Akbi2
FHRE 33%; KFH AR ERE, REKZRETLE A 0~140 cm, AT T 8 KRk @ R AR MR AR E 40%.,
(£ ] BEAKSHHETEBRMT, TEEE, MEERAXZEW, KEREFEZLEBRDARESELGA
K IAERLE, HARTFHM AR R B TARFO R, B3 &3 437
KEEIA): AKFH-RH; HARRA,; BEAKE; FHATL;, FHFLER
hESES: S714.7 XRRFRERD: A XERE: 2095-0756(2024)00-0001-09

Soil moisture characteristics under the level benches and vegetation in loess
area of western Shanxi Province

ZHU Hongsheng', ZHAO Jiongchang', CHI Jinming', WANG Zihan', WANG Liping',
WANG Zhengze', YU Yang'?

(1. College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. Jixian National
Forest Ecosystem Observation and Research Station, CNERN, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study, with an exploration of the effects of typical afforestation tree species and
horizontal soil preparation measures 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 benches of typical engineering measures 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
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the soil moisture characteristics under the comprehensive influence of different vegetation and level benches
and the response process to rainfall events and the effects of typical engineering measures on soil moisture of
different vegetation were evaluated. [Result] The changes of soil moisture before and after soil preparation
with different vegetation types and level benches 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 benches 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 benches 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 benches is
an effective engineering measure to carry out ecological restoration in small watershed of loess plateau, and the
lifting effect of P. orientalis level benches (40%) is better than that of R. pseudoacacia level benches (33.33%).
[Ch, 3 fig. 3 tab. 37 ref.]

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

- KA R B M- R GRS R AR K . MK KR R KR B AR A E A
U FEREN . R by SRR Z RN R T, RHOK T REAAFERT 4 22 7P 8 4 m
AWK WA ALK, S TR T KA IR A ARG R TR, 2000—2020 4R HE], K
T EAR . Ak SRR AR A, BRI T 12 918 km?, MBI T 3 232 km?,
AR FE T 555 km?, KA FHHIEA T 1982 km™®, (HE + SRR | 2850, ANEHE MR
THFE TR BK T, bR 3K 5577 i & 0, HIEET RIS ORI, 8K o
AT BRHIAN TR FERER, WRIEMESIREDR A 285, b, #7758 £HOK A1 shE48
X FLEATEM R E B AR S RS D BE M AR (L 2B T 2L

L TR 2 T AR R R A 207, kG . KPR K s TR G RE IS4 AL
RRIEK A, WM REN, BHKERA, ERI KR, Hd, KPR
JE UL TR, X5 T 40~180 em )2 IS K AR IC A BT R M, FKSF-Bir g Hh 5 4 210 2R Wi i
B, AU R HOK A FHR . EEE R AR, WA SRR, BeEHIUKEE S, AR
GO K AR,

JI# Robinia pseudoacacia FNKA Platycladus orientalis & N PE5® . T+ 2570, B THER 5
PR O 2o A rp 2B TS MR o, 15 2224 5 BRI B8 0 1 e B VA R XA e K O 3l At v - 6K AR AR AR . A
PEIAD | S R K S R TF IR T 2 R RIIFFT U0, XA 5T 24 e A TRl bR 5 K IR B
X EG, X KT B 5 AR R AR 25 5 T 1 R HOK MR IEF S IR Z 0L . SEF Ik, AW EEE
B XY BB VA AR X, Sl AL, A HT AT B R s R R S VE R R R K s AR, R
PR S RN 25 5 IR PR SR 2 Ak A
1 MHE57%E
1.1 HREER

BIF 5 DX BRAL 1l P4 48 35 B K I Bk, B AR B Ol 36°14727 7~36°1823 "N, 110°39'45 "~
110°47'45"E, J&FTHMAYE HIRIAERIX, RO+, B RET PRsm B iR A R
W EEAENTE 6—9 H, A PRI 579.0 mm, FWEAEZ LR 1723.9 mm. ZE5IEA AT AR
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VIRIBRAR . TS Pinus tabuliformis ¥k MUAAMCH 3, PRI HEHELIZEFF Compositae . RAF} Gramineae . #
Bl Rosaceae ¥~ ., 1CE MY A 25 R Rosa xanthina . + FES5 4k % Spiraea pubescens. %
Rubus parvifolius . &KV Artemisia gmelinii . 2578 Artemisia selengensis . BE%. Phalaris arundinacea. %1
A Syringa oblata, % Carex tristachya 7% .

1.2 MRFAZE

1.2.1 HHE DIWFSE DX AR 3 25 B BRI S AR — 35 0 AR A T AE A AR AR b R AE MR i 4 Sy £ 3K
YW, SR BT, o0l E A ARSI AR . F ARSI RE AR . KSF B SRR AR
AKF B AR, TR SR o LI, S0 T AR IN B 3 N TEIER D 20 mx20 m BIRETT T AR
KR, DUSE A S AR PE AR T BEAE B, BRI BRE . m) . AR EBAAR A AE . B
. IR R, SRR AL 1.

R1 FHMERFHE

Table 1 General situation of the sample plots

B ISR Mthk/m W) W) EEMTHEY Mftem B i/m SRmM®  ZH/(grem™)
ARG 11275 23 230(04m)  PEE. BEMIEL 20534438 15.3242.01  3.34+0.87 1.46+0.08
TP B IR AR 11275 23 230(74Rg)  FFAE. BORIEL 20.81£3.97  15.93£1.98  3.15+0.94 1.31%0.15
SRS T AT A 825.5 21 180(H9) 2 11.44+3.79 7.02+1.99  2.78+0.89 1.26+0.14
TR AR 825.5 21 180(H9) ERL 11.93+3.45 7.23+1.54  2.59+0.72 1.19£0.11

DAL JaAR . WL IR AN AP EA RS

122 EIEARSME T iE TR AR 2 00 2 5 (frequency domain refletrometry, FDR) 133
KBRS, AR L3R (0~10. 10~20, 20~40., 40~60. 60~80., 80~100, 100~120., 120~140, 140~
160, 160~180 cm), 7EAKZ (20194E5 A 1 H—9 A 31 H) 47 LK E M W, 5 min J1I%E 11K,
T %5 FDR I (E A T8 AR AR RIS FE P s b2 48 3301 2 m, #9)2 10 em AR EHE, AT
P E RIS K
1.3 BFEEARRESELE

AIFHEAR B ENER IR T RERETWIIE, RIS TEAFT LA T A IUT i) 5Ll b 3T 255
Mo ARBFTEAEAT BB AT e R IG L hl i a B, B RZE R RO R, Wi e it 32
B, IR RIbRAEZE (S) AR S 280 (Cy) MR dR, XFH80K 0 & mdt RIS, e HHOK TR H AR L2
D,'—([21722]O
1.4 BUESZITHHT

K H Excel 2019 Fl1 SPSS 23.0 XSG #4781 T 00, {dH Origin 2019 #4744 Hs Tl fb b3, R

H SPSS 23.0 3 47 # [ F T 2 70 #1 (one-way 80 T T 110

ANOVA), HISCHGR T B Eebrifisdon, H % (O S Wl 4 L 18

A TE K Ta) 22 S5 W 3% 0k R B/ W 3 25 R 60 l¢ T

(LSD) 47 (P<<0.05). Ez T :

g R 40 =

2 HERG R %

21 EKEETEIE 20 =
2019 AR F 5% IX 2R 2 AR [T 85 Yk, L B RN o 10

390.1 mm. WE 1 Fr7R: 2019 44 K F N L L A4 0

SA RFERFAF, W 304.0 mm, 5 44E BRERN

i 77.9% Hi, H/NFERER 0.2 mm, KRR HAIA-H)

R 77.8 mm, FKFEWNGRE N 9.6 mm-h', K HE1 ARAX2019FEKFG—9A)EdmaH

[ WA I D7 35 55.58 ho 76 54 YCRERG Rl PR LR

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

ERF20mm A 2K, Sl kATE 6 H 4 HA

September) in the study area in 2019
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9H9H, HAKZEEMENEN 45.90%; MM 5~20 mm BFEHRSEA 12K, S4KERERN R
38.90%; FERMT/NT 5 mm MFAA 40 K, i ERKZERER N 15.20%. AT WL ZE 0 (] B FR 3222 DL/ 3
RN E, EPTE6—9 .
22 TEEKSEEEN

DL A SRy e AR Mo A K 2 K AR R ) (8] 2A): 5 H BERN RS>, LA 39 5 K G e 7R
fb; 6 HBE MR, 0~60 cm +2A84mIZL; 7. 8 A, BEREW RS, HHK AR E
/Ny 9 ABEE MEHRERAN, 0~60 cm 1 )2 S /K RIS 6.

R E /em

A A RIRRIBE AR B AT Bl ARt C. A 2RI R AR D. KSR DA B3

B2 KFH-EATE LIRS R R 6 sh ST AL
Figure 2 Dynamic changes of soil moisture with time before and after level benches

R 2 AT 2 A K B s s i s 48K o 22 R 3 (P<<0.05). 5 1, APl bk b £ 558 5K
i R T SR AR AL, AT B 00 R AR 8 K B I T B AR I AT AR (P<<0.05);
6 H, JKF-Bir ek i 58 5 7K e 2 S T ONRAARIE T (P<<0.05), {HZKF B 19 SR 35 TR0 SR AR b 22 ] 2
FARE TH, KFHr R I EK S BRI 2 AN B, KT B AT bR b
KR 2 T H AR A AR (P<<0.05). 8—9 H, K V- Wi fAE AR M 38 5 K o k2 e T A AR I TN
FMHE (P<<0.05), {HZKF-B T E SRS AR MY 1 458 5 K B 2 (R 22 R i 2 . R8T HKE B B s i e
TS K, IWKREVNHET R KE B A s . AR RO I . ZKSF B R bR k. 358 T SR b b
A ISR E [R]AS AL 5 R /N R BEYT, B RE R S A g

®2 AEEMZER TIRERESKE

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

EHEARAE K A%
Ay
RIS KB s B ARIBT M AF P KB AT
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 Be 14.47+0.31 Be 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
&it 15.42¢1.32 A 16.10£1.22 A 16.19+1.10 A 18.682.14 B

Bl REKREFHFoRE— A R R 8 25 57 B3 (P<0.05), ANA/NG FREZRE —FE AR H 425 5 8. (P<<0.05).

23 TEHBTEASEESH

A 3 AL [ — BT B B M5 T HOK AR, AR e Bk 22 5 B3 (P<<0.05).
TETE BT 1) b, KBS 4 )2 TSR R T, MR A 23 R B TR bR
BAki, 0~10cm 12, 4 MR HIREKIIE R 225, HARCF I AL LSk, 16.25%;
10~20 F1 20~40 cm )22, H SARITATPIAMR A - M8 35 7 B 1 35 T A AR TR 3 (P<<0.05), 7K-F-B
SRR R A 3 5K B 22 SRR B3 s 40~60 Fl 60~80 cm )22, /Ky Mt RO Ay e £
KA T AR TR AR ARG AR (P<<0.05), SRS TR M -+ 398 5K i 3 R T 1 Rk
TR (P<<0.05); 80~100 em /2, JKPBr-5 H AR HRIBLAR M e &K 22 S R B3, KBl
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FARR L 338 55 /K B B 3 S T A AR BRI A AR L (P<<0.05); 100~120, 120~140, 140~160 cm )2, +3#
KRR 80~100 cm )25 160~180 cm )2, /KMl BEMR L5 B SR 3% R AR D 35K 22 7
FHAREE, KX F R+ 358 & K B4R T (P<<0.05).

®3 AREMTEERSKEEES

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

B %
+Z/em
SR TR AR b QAL S SR b TP B bR
0~10 15.36£2.99 Abc 15.96+3.40 Aa 15.89+3.25 Abced 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 19.49+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 13.15+0.58 D¢ 14.07+0.46 Ca 15.61+0.23 Bbced 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

UL RAKRS FREFOR R — R B [ R 2 [ 25 57 .35 (P<<0.05), ANIRI/ING F-BERR [F—HE AN R PR 25 57 8. 35 (P<<0.05).

A5 5 RE ) KN e - SRS K AR A RN ZURR B, A8 S RAGEUN, RSO EAR LN, R
Ko TE0~180 cm TJZJEHE N, $ HHEK 0 BASI 730 3 DR THER)ZE L KIGBRIZ DA SRR
FE R KBRS . AR SE B b 435K 3300 0 2RI AR TR], AR TH AR AR K S 15 BRZ N
0~10 cm )2 (5=0~2.99, C,=0~19.44%), KiHEKZHR 10~60 cm 1 )2 (5=1.82~2.99, C,=10.72%~19.44%),
60 cm UL F + )2 HA X E R (5=0.79~1.82, C,=5.80%~10.72%); 7KF K fill AR Hb 15 2R 2 & 0~20 cm +
2 (8=0~3.95, C,=0~23.16%), KiHIKIZ N 20~80 cm + )2 (S=1.81~3.95, C,=11.67%~23.16%), 80 cm LI
T &2 8 MR E SR (5=0.26~1.81, C,=1.96%~ HAREE KT EAME AT
11.67%); F] 8K S T ARG AR M E B2 R 0~40 cm SRR AR AR DA AR DUAA AR
(5=0~4.54, C,=0~21.07%), IKIifEKJZH 40~100 cm
(5=2.03~4.54, C,=10.75%~21.07%), 100 cm LA F +
2 R E )2 (5=0.43~2.03, C,=3.05%~10.75%);
7K F B A AR b 3 BR 2 A 0~60 em (S=0~4.06,
C,=0~21.40%), X iEEK =K 60~140 cm 1 JZ (S=
0.32~4.06, C,=1.72%~21.40%), 140 cm LA F + )2 K
AH X 58 B (5=0.32~0.39, C,=1.60%~1.72%), M
K33l LI KB RIAR AR Y 3E K 2 TR BR 2
5JUR TG R JZ U Y LA 0~80 em,  HLIA B 3 16 B
T SR SRR AR D (0~60 cm), [FIRE, ZKF- B
PR b, - B K 4305 BR 2 5 U BR 2 0 TR B R R
0~140 cm, 5 H AR HEMIAIARHL (0~100 cm) 2 5B
o MARAAAE M A 387K 23 9 136 B2 AR TG K2 )20 161 B St DR T AR AR 1l

3 4T
FHEK A DA AR T . MO . RS TR, FLR R R 2 s KRR L T Y

HEHEEK, mxzif%%ﬂ(éa\ﬂﬁigﬂé/ﬁz o AWFTEAE . EHESOKER/NSFER R DI, FhRE &
AR s, X5 @iﬁﬁ?m]?"ﬁaiﬁ:&hEﬂ’Jﬁﬁ R — B WP R ER AT 5—9 H, B

R 2 R R R R
CEREN LT EY PO Y-S LIPS

Figure 3  Vertical soil moisture level division of different sample plot
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BN B AR, R HOK 7 shAS S BRIV R #EA T o BIF5E XN AR A K o3 e AiE H A W] A 4 o 1] 22
Sk, 5 A, T RHEEZ R AR, A KRR, HEA 6 A, BEEFEREAR, T3S
KRV ETHES, 7—8 A, TIEARIEENTAN, (H SRR R B A S, XTfE
ST 7 ARG, SRTHE . R AR SR, AEY) AR BRGSO TGER, N2 B TR X AR 2 XK 2 O #h 52
FPIBEALEAR RE RSB B, (RIS L By BEAR ) 2 5 R - M2 Ao A B A o, THAR T — 300 250K, M
THOR BRI 78 ARMER, X555 SR A R —E

E A WFFEAEX B P i DX s AR B 5 T B8 L SR M RR e e A A B - BRIGERR 224 20 A1 A )
Sb, PR SRR K B N R, ORISR SHEBOEE R . W2 R
FAROUAF EAEANSE, ARWFFE R F ARSI B AR b M - 398 35 7K d 201 3 s T B AR MK
SRS, X RTEEd T T AR A e AR, RN, R RN AN SRR R, HoaT LA
RSB AR LRI D s 55 —J7 i, RMAR AR Ak, Mook, SEEESKERER. X5FE
B A LR P B DX TEARRRAE K 3K 2 S AT R R 45 R — B

ABEFE R KB i 3t 7 O0F 138 S K B BAT 83 03 THERT,  HK-P- B 7 00 TR A
TR AR TSR ZAL T RIB AR . AP B MR bR L . SRR A [ TR A 35 K R 2 T A
SRY IR AR I . RIBRARH, X SRR R —3, RTCRRGER T RS b s s e, 2%
WKk, MTTEETE LR Sk . ERAFER BT . MRIRERTSREE T, AN R OBIE Y85 RE AT A4 fin - 3%
FKE, HIAKFB K B3 INRCR L T BT, XAk KR B R 5 0 T kR R T
PR AVER] o FRASERT BFTEHR Y B R X ST LK 0 (0 23 8] S B4R T R, 4271 T3 A8
REJI o AW AI: AFHEHG, WU E T2 MR, Wtk ABE, RS T L
BEEK AR o KPR i B g S K R AR AR AR O TR M, — 5 v mT AE el IR A
YIRRE R B T o0, DIAAMRR AT MR EIR , ACF BB b5 DA AR n] UAF B SE 2 08 i, i
il T ORIz, A SRR INCY S —T5i, DA ARG, SRR SR AR
AN, BHESUKERE, XGRS TR a R — 2

TR AT B R BB R M E R SF S AN R AR, BARSRBL ER K
SrENAEARIZL, TR LK AR E B RRIER . Nl LR BRI AR AR, A e K
R N TR SRR o sg iz - FIRZ L MRS R B A MR ERK A, o ek
YRR o MR ZBAEK)R . MR HEARZEBFEK R . RIBLZS R KEDY s s A ARG 57 2 M0k +
SRR o33 B3 0 o AR R A AR SR AT SR | bR 2E LR S R BRI SRR
SR o3 AR O HHEEOK IR ER)R | UGEERIZ SIS Z . ERR LA K B REN . &
SRR . MBORIBA O, SOKEAXEL R, K sh BB RIZL s YR ERIZAL T 5 BRE S A AR
JEASHEM , AR R 2 T Iy, R E KA B 2K s B LRI R, AH
X E R AR A B K A TR AR SE, 2 FIRtbEUDN, Bril ek s B TR E . HSRHRIE
YA, JKFBir R REAT A0k RO, U BT ) B RSO ERR L YRR L X E SR )
Aii, ARHE N TARHAR B AE RO ABFGESE R BIR . KV BB b A S8R T T AR 0 R R At -+ 37
T BRJZ 5 U BR 2 MR B o 32 DR Ry K- B 8 b e ok 5 I 38 R R B, B 1 R K o3 i 20 A iR
B, —IJTHRERA A AR A VD, 5 — T M AR KA B 0 BE, A RS T i 4 A AR AL 5
e B B OMIEE T, AR A K B o SRS AN SE AT T RCR I

4 i

TEACF-Hr B AR B B AR S VRIS, B ORI A A 385 K 5 T B ARSBDRIBE AR, oK
PR I RE W S T R SR, HRA AR A0SR T ECR U T RIBEAR M . 35 e D X K
RIY R ERIZE © UGEERIZ . XS E SR 3 AR BRI, KRR R] DL AR T K B TR R R
U ERIZREE , HACEBr A AR S T ROR ZEAL T /K- B i A it
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