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Effect of cutting management on soil moisture in semi-arid Loess Hilly region

LI Yaolin', GUO Zhongsheng™'* "

1 Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi, 712100, China
2 Institute of Soil and Water Conservation, Northwest A&F University, Yangling, Shaanxi, 712100, China

Abstract; Soil drying has been an environmental problem in perennial artificial Caragana shrub land in the semi-arid Loess
Hilly region. Cutting management was expected to have an effect on improving soil moisture regulation and thus preventing
the problem. In this study, soil water conditions were measured using neutron probes for a long-term investigation stand of
Caragana korshinsk Kom in the Shanghuang experimental station in northwestern China, and the effect of cutting
management on soil moisture was analyzed. The results showed that the depth of soil water recharge increased with the
precipitation amount, and the recharge depth in cut plot was close to that of control when the precipitation was relatively low
(within 45.9 mm). However, when the rainfall was heavy enough, the recharge depth in cut plot was lower than control.
The amounts of water recharge in both control (R,) and cut (R,) plots were positively related to precipitation (P) (P<
0.05), being fitted by the relationship formulae of R, =0.70P+2. 13 and R, =0.54P+5.01, respectively. This suggests
that the rain recharge rate (the percentage of rain recharge in the total amount of rainfall) in control plot is higher than in
cut plot. Defining rainfall loss as the sum of interception and runoff, and rainfall loss rate as the percentage of rainfall loss
in the total amount of rainfall, then the rainfall loss rates in control (L,) and cut (L,) plots were exponentially related to
their surface soil moisture contents (S,, S,) before the rain as L, =2. 54exp (0. 22S,) and L, =2. 40exp (0. 275, ),
respectively. When soil moisture contents in the surface layer were equal in the two plots before the rain event, the rainfall
loss rate in cut plot was higher than that of control. The largest water recharge depth and the increased amount of soil water
storage resulting from rain were lower in cut plot than control in a corresponding period. However, the water use depth and

the decreased amount of water storage in dry months were also lower than control. These suggest that cutting can reduce the
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water consumption of the Caragana shrub, but at the same time, the water supply is also reduced in the cut land, which
may be caused by increased surface runoff due to the lower vegetation cover. The soil moisture in 20 — 160 cm increased for
a short period (about two months in this study) after cutting. Then the soil moisture in cut plot was close to that in control
plot. In rainy year and the year after rainy year (2003 — 2004 in this study), soil moisture in cut land was lower than
control and the soil water storage in 0 — 400 cm soil layer was up to 45.9 mm lower than that in control plot. Cutting
recovered soil moisture in the 200 — 400 cm soil layer but the water loss in the upper layer of 0 —200 c¢cm was more
significant. Along with the growth of the coppice and the increase in vegetation cover in the cut land, the surface runoff
declined, whereas the water consumption of the coppice forest increased. Consequently, the effect of cutting on soil

moisture became weak after three years.

Key Words: Semi-arid Loess Hilly region; Caragana korshinskii Kom; cutting; soil moisture; soil drying
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B, AN TS, 27K A DR AR T i AR el AR A 22— o AR S e 0 22 A AR A S PRORI ST 2E A7 S bk it - 38K 43
FARG A K A SIS MDA A3 47 | B TEAE 713X R 7K 43 (0 2 ), S 25 PRl - 388 7K 4 BRI AR B
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SEEHIA T TR A bR XA b A Al (T L R iz T LS 35°59'—36°027, R4 106°
26'—106°30", X NVAVRZELL T 5 B R T 25° I3k = BE 20 1 534—1 824m,, 4FEFE/KEASILAE 634.7 mm (1984
fF) —259.9 mm (1991 4F) ,F-¥°8 414.9 mm, BEKAEAS A 24, 6% , JoFa ] 152d, 150 w04 £ AP
DHHENELIR SRR LT A B AR 3 rh S MRS 10°—15° W2 1 650 m, WFFEXS G 16 4EE N T FY
SR, X5 102.9 emx87.2 em 5 103.3 em, HifR 11.2 mm, J0E08 34 4>, % 3 Jy 8700 A\/hm?, AR
AR A K 15 B (Stipa bungeana Trin) | B /K K M) i 46 ( Heteropappus altaicus ( Willd. ) Novopokr ) | 28 &
(Artemisia giraldii Pamp) | H B4 ( Thymus mongolicus Ronn) %%
2 ARAE
2.1 SBRBR

SERORIET ¥R S50 K 1 602 m, SCIHIZE R PG L, AHEE 50 m,
2.2 ST

SN - SR AR I 4 R 5 VI E 228 4T T 5a(2002—2006 4F) , ATy bR 1987 4R35 1, FEAHF
GEZ SRy FRARPEAT T b A | e 57 L AR A AU S8 A AR — B AR e B ST~ 70 38K 73 5
e ) S e, SR 2 AN AR B RAPFERT SRR (CK) FIRERERT 250K, LS/ IXHETARH 5 m(58) x20 m () |
HT 2002 45 H 15 Hifkf7, 25, 7B/ POl 5l 2 BEh FUB G888, 5K 4 m, B1N/DNX%E
B2 AMENE S R CNC503A (DR) BV AE b 57K 23D 5 w1 1T 138K o3, D5 i % rp S AT E , B
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K I3 2R TR EE BB YRR T B AN AN (3 1) o i T A0 E 1992 20 em 42 JE Y 3K o373
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Table 1 The recharge depth and recharge amount of different rainfall

MR F Kk

TR AR i VI e e
mufjg ol Prfiz?tion S"t:;jji;?;;‘“m Rech?;g__;: i[ﬁ:h/cm Rechar;: :Ilnint/mm Loss zii/mm

/m CK T CK T K T CK EE

2003-06-29 19.4 7.2 7.8 40 40 16.9 17.1 2.5 2.3
2003-07-15 28.4 13.7 13.2 40 40 12.8 4.9 15.6 23.5
2003-05-05/06 29.6 6.4 6.0 40 40 26.1 22.4 3.5 7.2
2002-06-20 49.5 7.8 8.0 60 60 42.4 46.9 7.1 2.6
2003-08-21/26 137.6 11.2 9.6 120 100 97.2 76.4 40. 4 61.2

2003-06-29 ,2003-07-15 ,2002-06-20 [ W s [] J& , 76 [ T 24 5 1 FR AR RS Je 48 2 /K i, HL 2 T R R i I 7 8 4 Kk Bl s R A ) —
K, U12003-5-5/6 F/nFE 2003 455 A 5 HIWEW AT B /KR, M7ES A 6 HIMEW G S K& ; W RS 139 S /K 8 & SR A 400 em

A0 5 X A e R T - 33K 0 b 2 e RTTREE FR  TORHAR Z0T , PRA A BUMR b = 37K 43I S S i oA R A
AR REFERY SR 3K PN (R, MR & (P) KR N R, =0.70P+2. 13 (r=0.985,P<0.01) ;¢
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TEMH 3K RS B (R,) FIRE B (P) 2 & N R, =0.54P+5.01(r=0.922,P<0.05) , it al 0L, B R #b
25 RN TR I 42 S (EAHDCOC R 5 AR P AEAT S MM - 33K 3 AR5 3R K TP bR
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PIFERMI K, " H BIEOCR . KPR BIAER (L) 5RZ LS KE(S,) XRN: L, =2. 54exp
(0.228,) (r=0.998,P<0.01) ; FFEMMFEFR AL (L, ) 5R)Z LG K (S,) KR L, =2.40exp(0.278,)
(r=0.920,P<0.05) , 32 T HEEIK AR, P FEAh R T R R K TR AR,
3.1.2 PSRRI A B IR Y520

2003 4F 2 FIKAR | A7 R A SE A ARHE 43385 K B 3G I, 7K S0 AW i TR 24 78, (H R AP AR i - K 3
ABUER T A (K 1), 2003 4F8 H 15 HIFUG, 3 11 H 1 H , RFFEMM 50K A B IR L F)
240 cm, MMM+ 8K 0 NBIREE LA 200 em, X ORI 66K i 2500, R FFEMM 0—400 em 11
KRS T 145.0 mm, WM HIIN T 104, 4 mm, B8R 2004 4F 2% 524F 32 F KA (2003 4F) %
JEANE I - AR 3 B A AR 1 SR R K S — 7 T AR AR R W R IS AE 5 ) — 7 THIAR 2L )
WIZANFE, F12004 4F 4 H 1 HF12004 46 H 15 H , K£FFEMH + K 0 ABIRE 7 5135 5] 260 cm 280
em, T SFZEFRHE T HEK 0 A B IR HA 220 ¢m,240 cm, 2004 4 6 H 15 H , AF2EAHE T 5K - R A B TR
JEHEIR 280 em, M F-HANEZIE 240 em, BT FAEIEER T MGERT 37K 5378 & R F A8 T 52 ) | i A A7 2 bk
BT BRI, 2R R A b AR AR LA IR B, MOT- AR = EK 43 A B R it /K S 3 (& /N T oA 7E
M

Volumetric soil water content/%

4 6 8 10 12 14 16 18 20 o 4 6
T

0 T ) T 1
CK
40 - 40 -
80 80
120 - 120 |
5
= 160 160 |-
5}
©
3 200 - 200 -
240 240 ~
280 - —e— 2003-08-15 280 -
—O— 2003-11-01
320 —w— 2004-04-01 320 -
—A— 2004-06-15
360 |- 360 |
400 L 400 L

El1 FHEMERRRANSRERNZE
Fig. 1 The effect of cutting on the largest water infiltration depth

3.2 SEREXTMHL K AT B R
3.2.1 PR A3 KR AR

2002 HEF-FE 45 d ZJ5 (6 AIE) , FREAL B £ HE5 7K i (20—160em ) Bt 5 T AR AEAL B B E] 10 A
TR ZFHILTRA TS (E 2) , IEEEE, RS2 A K= i 2R, RSP 27 Sk 2 2 1
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B K LR TERERE 2o M, 2003 4F 4 H 13 HA12003 428 H 15 H bR )= A0, B4 b #1358 5 K
A 25 ] (EJE R 8 H 0 LAJS M s i, - %+ HEK A 2 e AR BE R i, 31 2003 AR AR TR (11
H 1 H) AR 0—220 em 1 )J27K 53 & W] W T 2EM ML, 2004 402 T 545, 32 BT — =/ KR 25
FsEA A A T 2 A A SR 5 /K R i, HLAR S AR 8 5 K i T AE MR, Bl B R RS A AR
RHb A 498 5 K EERRAIG , Ab R R] 22 SR WA /N, R AR K ARy, A AR D 3 S K S E /N TR
HEARH ; 76T 240, P 2E M 38 5 /K R AR /NPT . 2005 BT (379 mm) 52002 455,
2002 AFF-EMHL K 9 AB AR 160 em, T 2005 P HIK 70 H A B H] 80 em 1 Z L, il 285 3
AEAE R Y SR AN BT R4, ST X 3 K B A R B R ES . 2006 AR T R4 MK o B AR AL
/IN,80 em +JZLIF RS K E LA AR,

Volumetric soil water content/%
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£
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= 4 6 8 10 12 14 16 5 6 7 8 9 10
8 O v 1 0 T 1
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401 a0}
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1601 160 P —a— 2006-08-01
e, —=— 2006-11-02 CK
200k 2001 \\;g- —o— 2006-11-02
240} 2401
280 \| —e— 2005-05-01 CK 20
D —o— 2005-05-01
320} ¥y —v— 2005-08-14 CK 320
—&—2005-08-14
 —a— 2005-10-15 CK
360 X~ 2005-10-15 360 -
400t 400t

B2 FPEMKRPERM L EEKSFHELTE(2002—2006 )

Fig.2 The dynamic of soil moisture in control plot and cut woodland with date after cutting

3.2.2  SEAEXARHL A K I AR
ARG (2002 45 H 15 H) |, IS AL BEAMCHE 1+ 38 67K & (0—400 em) #23E (K 3) , 32002 426 H 21 H ,°F
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TEFKHL 0—400 cm fifiZK &4 405. 4 mm, L ARSEFEMRHL S 32. 5mm;8 H 1 H U, 2 A Aab#i[E] 365K 251
BN, B A K ZE R 2 AN S K BT —3L, 2002 40w, RN N 384. 8 mm , P41 5 B A AR T 2% |
M 2002 45 515 317 A 1 H AR SR (K3) AR R R Z2 1558 B 38l )N , PRk + 338 4tk
AR 7 Ay DAS PRy 45tk A s AR 0T T LG Ak 38 A K Ak T A AR K A ]
ZEHEAR /N,

—o— CK —O0—

500 120
100 1 ./.__./.—Q—H—.\.
g 450 | c
ol S 80+
g 2
§ g ool
T I
g ss0f O
20
300
0 L
250 . . . . . . . : . . . . . . . :
04-01 05-01 06-01 07-01 08-01 09-01 10-01 11-01 12-01 04-01 05-01 06-01 07-01 08-01 09-01 10-01 11-01 12-01
Time Time

B3 2002 Fhkith L EFEKETUMITEERNS
Fig.3 The change of soil water storage and Caragana korshinskii height with date in 2002

2003—2004 4F ,*F-AE/NX 0—400cem fifi 7K Sm (IR T A (B 4) 6140 2004 4F 4 H 15 H P MM
+IEfiE K IR 388. 6 mm, HEACEAEMRHIE 45.9 mm, 2005—2006 4F 2 ASAbFE/NX - S ff K B, @it
B G FER BRI 25 AR K BORL T, 2003 4F 2 SRR AF, BERT Iy 623. 3 mm, $0T 1983 4F LUK f K fH
634.7 mm( 1984 4F) , 1T 2003 4= [EFT H PRI G 8—11 H Ay r & 5 2] 4 MR 1Y 63% |, M2 R+
BT R AT AR R I, RHOKMERE RN, RIEMK AW N, P 2R AR AR B AT 5 AR, A
A AR, [ 1 3R K 5 28 R R EN Wi ASTAE /N X AE B S 2, 78 55 B o, A DR K 1 MORE M il b R 25
WA 2E AR 3 it K B = TP AE M . FRER 2004 S RAE {252 3] 2003 4R 52,2004 -4 K
WIMRHE - 3Fehf K AR & BEE A AR, R W 3 ok 43,2004 4F 794 ik 33 I8 i /K £ 00 Ui/ ), Ak 3
i) 25 S AT AL /N, 2004 AR5 B A AT SR RAE W R4 K (81 5) |, SN - K 43 B s ma B2 BE R 55 fR ]
UG 3a P, RE ) R HEK RN T2 B2 MR, P i/, SO - K 2 T (CFAE 2 S H
W) SRR (2 N H G RI5E 2 AW 2R ) A PAEMRHE, BT, S0 M b b 26 A% I 2K R T, 48 8 /K o T
INFARAEREMHL , PHE 3a Ji, B AR MO B 35 48 K, E I AR MORE /K 2t 38 T, S 256 1 56K 4 1 52 e R JE 3%
3.2.3  CFFEXIAN[FIRE A K I Y 5 e

PUREA K 2 N 45 )2 T34 - Gt K o R, S AR [) VR B S 7 A ZE MO e K R (D 6) , &
BAEFEMHL 0—100 cm DL 100—200 em )2 5 A#/K /N T AR AL (2002 4EBRAE ) ,200—300 em DL
300—400 cm 12 FIEAR K FEIE R TR FEMR ML (2004 4E 200—300 cm B41) o BEHAEFERXT 200—400 cm +
JZ ORI — IR EAER B 0—200 em 12 HHOK B A B8, o 2002 4R TR,
TE G ARHLFE K IR SRS N, PRI I 2002 4557 2E M 25 A 2 Ik 3K 43 BB 219K &2, 2003 4F 8 F 5 Bk,
F]2003 4F 11 HJE, R FHMH 1 K AMATREE IS 200 em (1), BSR 2004 4508 T 54F | i TR
M 3K o NS R EE R T FAEARHL, Fr DL 2004 4F RS- ZEMUML 200—300 em 12 A 7K 2 5 T AL
3.3 SEREXTAHL K AR AR
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