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land of loess region
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Abstract: The gullyslope land is the most active area of soil erosion in small watershed of loess hilly region. It is of great
significance to explore the characteristics of soil water cycle under different underlying vegetation types for vegetation
restoration on gully-slope land. Based on the hydrogen and oxygen isotope tracer technique, the mechanism of vegetation
types affecting soil water cycle in gully-slope land was revealed through field water sample collection and indoor isotope
analysis. The results were: (1) The hydrogen and oxygen isotope concentration in the five water bodies decreased in an
orderly way, with precipitation being observed to have the greatest amount, followed by soil water of black locust forest,
then soil water of grassland, then surface water, finally groundwater. The coefficient of variation of precipitation was the
largest, and the coefficient of variation of surface water and groundwater was smaller. ( 2) Soil water in grassland was
mainly recharged by precipitation, accounting for 59.12%. Soil water in black locust forest was mainly recharged by the

rising of deep soil water, accounting for 60.97%. Under the condition of short-burst rainstorm, the water transport rate of
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grassland soil was about 1 em/d higher than that of black locust forest. And the main transport ranges of soil water in two
vegetation types were 0—50 cm. ( 3) The vertical migration of soil water was the main form of groundwater recharge. The
groundwater recharge ratio by soil water of grassland was 51.64% , which was about 0.52% higher than that of black locust
forest. It indicated that the vegetation type had certain influence on the characteristic of soil water cycle. Black locust forest
had a strong utilization of deep soil water, which might aggravate the dried soil layer of deep soil. And the grassland was
more conducive to precipitation infiltration and groundwater recharge. This study can provide a scientific basis for ecological

restoration and comprehensive management of gully-slope land in small watershed.

Key Words: vegetation types; hydrogen and oxygen isotopes; water transport; water cycle

e S X A S IR L K R e T K TR 2 o WK AR A2 X R i A K U, FGJE: e 2
TR IS 3 A0 SO AN R KR 2 TR SR 7 50 T IR A 3 2 = b K 4338 B ML 6 T
FEREIK NB AN MR KGR L) B A K P B R s M 28 G TR JEAF Ok, I %5 T AR B R A R ( 25)
il L R A % 1 S, 5 B T A S AR R T B I AR A, I SR K A B g R 7 AR TR 2
M e A A S T T 0 o S 2 R A A T A L XK SCAERR . BZEAE N B T T S
XTSRRI TR A B0 PR 85 )31 20 7 A0 R 9K B3 1), e 87 A0t 131 A0 S B3 B [) 7K AR A , 14
I A8 FE S FE M S bR AR AR U A R MK SO RS ., DRI T AR 9T 16K 4338 A% i 8y T L
AR IS WIS K E R I B FEE Y o A Liv 25 BF58 & IUMKAE + 3 b (1 AR AMA TR BE AR 2
Hiid 2—3 m. Song 457 Fi FH AR R 2 X AAT LU I (1 [ 2K —E K St R K AL 06 R AT T FST . EE AT
ST KA A5 LA B 5 H A A AL AL 2 VS BT o MR HBSH A5 PR S0 3K A i R 1 B TH %
Z— RN BE LAVAI SR S S, AR TR 43 A R B R S ™ Y b LA K SR, RS
W, 7K R DR B AR A e M 5 — DX R B K 4 T BT B A SR ) 2 R A A5 A K i S R
T AR A R o T A PR X, A R TR TR T B X A R i AT B R O
IRAMIRSE T B4 Th e R B B, T XA L K AR IR SE 3 o BRI, SR A T RS T T 44 T A7 2 A
VA3 MR S R AE SR L A8 LA S P X 4005 90 /0N VR A SR R A 5 b A BF 20 365 42, 6 T 4 IR
ZIREEHAR X 0—100 em L3R 9IEFE ISR KAV L KXo T 7K RN L 19 7 ThG HEA 7 5 A 3, 4 s 2
RIS 137K 358 B 10 SR , V0T Sy 9 3 b A 2508 5 H it 1A 6 LA RN SR B (MR

1 #RSH®

1.1 W5 IX AR

YTV 36°43°—36°46" N, 109°14—109°16" E) {vi TR P4 45 42 28 BB N, J& 48] S Ay 790 R i
— RS, R E AN 8.27 km?, b IR KT IR AE 1041—1425 m, JBBRIEAT T R E AR K LAY
S 8.8 C L AF H MK 2145 h, AFESE ST 85 493 kI /em? , AEH78 % & 1463 mm , AE Y[ /K i 549.1 mm, &
IKAEBRAE AL K HAE N A, 7—9 A Oy K i 5 R AERR KR Y 61.1% . 8 - 328 R R w4+, My Ik
FHEEY o K KR T B I R e Z K AR 2 KT K Y . MR R, YA AR i 2 8.07
km/km?®, JGJR 2 05 1 RS ™ SRR 0 AR SRR U] R R B0 R K A A R R A S AT i, T
T S B AR A T R AL 0 T K R R A
1.2 Ff R

KRS 1 58 405 1 A o 4 T S AR 2 TR MRV B M A R o 2 2 2 ) R v ot A
g% 2 e, BRI H 4 5 3 51 R B—1, B—2, FEHLRE b4 5 4 B A G—1, G—2, FE b 1 AU % 5 A 100
m®, BARME BFEILEE 1o 43 51F 2016 4E 6 A 2 11 H XHEEHL 0—100 em 1) 38RE 5 LU KAE H BT (1 B K i 26
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KR KEERREA TR RAE RO 30 d 7 B RSN, AT DX TRD g o

HANAER A EH A AT B 1A T 16022 BT R IR WO K /KRR iy o ARSI, i) ]9 8 67 P9 R ZK WA 4R i o
IAGE S B A S 37 1K 4326 K, SRR 15 mL — YR ST 25 U A 2 AR oK S5 5 1
4 AT o BRI TRE R AT I A {4 T PR SR L SRR I REAE AR A KT LR 30 em &b, LS 1E7K
T ZE AP BRI, 1T B—1 R B—2 R T8 [R] — Wi, DR e A 15 3 R KR A i HLIKA
S A AR BRI R LY O 13 m, St R, DIt T 7KRE il T3 B A7 R A, BORE IR SE K
A T KSR T = I, T A AL s IORE , BURE T vk S 3K — 2, A 1 SRR R /K B YOR S
Pfi 2 WS SRR KFEREE T 15 mL A (R iR, 37 S0R0 2 T 3 B B, DA 1k oK 73 2 A it
R RFESATB L 1o TERTFEIT BN HERAEFEIREE S 48 A, MIZRAKARE A 36 4>, 3 R /KEER 12 4.

TE 4 AE LI R B R A B 2 A SRAE AT, R 4R 0—5,5—10,10—15,15—20,20—
40,40—60,60—80,80—100 cm It 8 A>4 JZ (4t A, 73 B ik LUBEAS 4 J2 0 Bl 09 29 IR BE D b ofe, B 2.5,7.5,
12.5,17.5,30,50,70,90 emo SREEH) T IAE AR ERET 20 mL AR COBEEE G | 4 B IR 8K, B L 28 1 XS
K SRR 2R 2 AE B o AT B A IR AR B L SR 270 A, S w i - HERE A 265 4.

R1 HMEXRER

Table 1 Basic information

AR Fi GG , . . N ARAER
fisex f i WE o WE WA bR EEmE K
Vegetation Sample Longitude . . . . Growth
. Topography Slope ltitude /m Soil type Major plant species
types plot and Latitude years/a
BRSSP
S i 36°4429.86"N . Artemisia gmelinii+
—1 beaps 18° 11 4 1
Grassland ¢ 109°14-48.60"E RRs 8 63 s L Artemisia giraldii+ 8
Bothriochloai schaemum
FRAE
G—2 36°45741.08'N 10° 1083 iR Ejl? hl}z,_J h + 12
10915744 .43"F oK othrioc m’u sc“aemum
Artemisia giraldii
SR 36°45°06.72'N \ - ‘
B—1 b 12° 112 g | K 2
Black locust forest 109°1524.16E X : RAL R Robiniap seudoacacia .
36°45°05.89"N .
B—2 8° 1116 et HI# Robiniap seudoacacia 32

109°15°17.60"E

1.3 Homibrt
(1) TSKAhEE . KR AR B Ay LR S PG 22 BT 2K B IS8 i S 3 2, {1 LI-2000 757K &
Z AR GE( LICA, China) 47 50K«
(2) EAIRMRIME KRR SR ) 2R I E 78 PG 22 BT A [l A 3R e A S e = 847 o T S 7K (]
N RS HTX( DLT—100, LGR 2 ], 3% ) W52 KRR G i U AR R - 8D F18™ O [F)4 38 AR 23 1o A X
HEWIABRIET-327 K (VSMOW) 1) T3 ( %o) TH5-, HATEE 3010 0.5%0 A 0.15%0. 223N
R

sample - R VSMOW

5= x 1000%0 (1)

R\'SMOW

LR e WKFEH D/H B 07°0 (Y HEER, 1T Ryswow A VSMOW FRIEZKFE D/H 3 "0/"°0 By 3. il A
[e) KI5 32 2% (0 L L 107 ) — 3 T TR A B, AT 0K AR B 7K 3 Sl e ) 4

C(V,+V,) =AV, + BV, (2)

v, v,

C:AV4+VB+BVA+VB:A(1_x)+Bx (3)

o, A: BEK SRR RAB / %oo; B: #37K 13T 7K SR R BB/ %oo; C: - 87K AR R R AA/ Too; x: HLRIK/
R IR o5 Fe A/ %o 1—x: BEIK BT o LG5 / %
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Fig.1 Study area location and sampling point distribution

(3) I E e G 0 Mo B 73 Mk H Excel S8, 12 35 Pk 20 A i SPSS20.0 ZE i, B A B % 112 H
Excel2010 Fil AutoCAD2007 52 i, -

2 ERENH

2.1 PR FEK R SR A R SRR

T TR IR K22 78 4 o PR HEAN R, B A8 A MR ) S0 S RS2 A A 22 57, 6 I AS ) 7K AR U 4R
W) (37 VR BE HEA TG40, 3 2 7 o ARB A T ASA [R1 K AR FY) 6D i 8™ 0 SEARE& [ /K > il KA 1K >
R K> MR K>S H R UK BRI R 3R i e 4R AR S R BB R ( 0.42) |, MUK R R iR 7E 1k, 28 57 &%
BN 0.06) , X 5 FAE4E ) 15 TSI 45 SR — B RIRLMCH R 50D + K8 5 R B 22 801,
I35 0.16 1018 (HA/KIAR AR RAEGE T 128 7 ¥ B35 ( P>0.05) |, ATRER i T4 /K IR 2 [] i
B PEBNE AT AL DAY o e Sk T 2SR 3R (B0 B HIORE S , /K 1) [R) 07 2% g RO BE e e, T o
J2 R ORI DX M AR DY T PR 5 DX TR R B v MK A e e R v A2 2 R B R ), TR 2R i e AL L
S S BB, B /K 7 28 55 o ' B FLZE SRR LA R B R B v ' o T /Kl R 1k 32 3
PR K B Ah A 188 52 B i 2K AN 24 2 [l R B T A B R T ) AR 2, LB v Dt DXt R /K SRR

R2 FRKGEESEEMEFE

Table 2 Characteristics of hydrogen and oxygen isotopes in different water bodies

8D /%o 5"0/%o
AR A — —
Water bodies ISON( e/ IME ¥IfE brif 2% SSON( /M ¥ brif 2%
Max Min Average Std Max Min Average Std
[47K Precipitation 18.47 95.08 57.12 24.26 3.39 14.11 7.48 3.17
137K Surface water 59.44 65.40 62.72 2.03 7.65 9.68 8.47 0.48
HF 7K Groundwater 56.25 66.02 63.47 2.46 6.69 8.91 8.87 0.73
+ 48K Soil water il 41.28 77.80 59.66 11.00 10.56 10.56 8.08 1.43
HREAR A 42.30 76.69 58.05 7.90 5.05 10.06 7.74 1.40
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ZE AN PR B/, SO T K R R 22 B4 7 o T R b M 98 K 0 4 ) A7 2 A B
B, AT REE TR AT SR AR IR 2RI R P A R R A SR K T BRI G R EK A R 3
KT ZELAEER BUE M - B R R R & 4
22 WIARKERARMN E LR

K2 ARRK IR R AR R . B AT, BF 5Tt BN AR K 2 Rl 6D =7.656"°0+6.77( R* =
0.98) , AR FIIE /N T RBRK TR KL( 8D =8.05"0+10) , FH i F 7K PN 15 11 P9 Bl 1 i 2o A o 1 0K
ML BB K AR A TS b 3K 28 R 5 RN 8D =6.965"0-3.41( R*=0.81) , FIHL A 75 4 26 7
£ 6D=5.106"0-18.62( R*=0.81) , 1+ 37K A RI R AERIE 4 /N T FeK 28, 18 0 B 7K S 38K i 32 B4 45 5
WR L B KN T 3K 2 W28 7 T e AR ST 28 SV L MR s 1 Ak 5 R R/ T 25 3, 2 W sl
R H A 398K 28 37 (1) 7% e A I R M TR iR, Ll 8K 220k ) R /K D 78, A s 422 22 i 0] 1= /K b 45 1)
il A o ELIR R R 8 5 S 2 A R 7K R 3K 78 XSRS A 22, T8I b 27K« . F 7K R -1 387K
FELEAH B AN 7T BE

6D/%o
-16 -14 -12 -10 -8 -6 -4 -2 0

E
(=]
8'%0/%o

1 -80

. HFA o bk { -100
+ RO Wk
| LI R 7 qpe— B 0k

4 -120

2 REIK{ESD 160 (&
Fig.2 The relationship between 6D and delta $'*0 in different water bodies

2.3 A[FEMERE AT L BOK e

K SRR RS2 B X K 7 3 b i A B i B 2 B i Fs an e ARIF5R 4000 1 7
H27 H8 H 1 H8 A 6 H XL A1 i 1) 3K SRR 2 EAT 1 Wi, A ] Asf i) B 4 38K &4 R 7
R )2 AR R AN 3 FrzR o 38 3 S W D0 1) By S0 1B 1) R /K i, RS T X3 R A PR R W . G—1 FF
Horfr,7 A 27 HEY 80 FALWEME B EAE 7.5 em 40,8 H 1 HAN8 H 6 HEFALIEAE HPUAE 17.5 em &b, /K50 A
BH%E K2 em/do G—2 4,7 H27 H.8 A1 H.8 A 6 H 80 %A HIRTE 7.5 em+17.5 ¢m.35
em Ab, ABB R0 2 em/d F13.5 em/d. B—1 &£, 7 A 27 H#6"0 #{bil H #RAE 12.5 em 4,8 H
1 HA18 3 6 HEZAWEAE L INAE 17.5 em Ab, 7K AB AN 1 em/de B—2 £ ,7 27 H.8 1 H.8
H 6 H 8"0 2k E 45 B IRAE 7.5 ecm+17.5 em35 em &b, AB RSN H 2 em/d F13.5 em/d. 2 I, 765G
FAEFLSETR SF T B - KA A B s R b 5 1 em/d, HAB F L AETE0—50 em + 2. — )7 Al g2
PRI Sk 56 )22 P A P A T o5 7 S0 R 0 TR P A6 7K i 8 R R K ol 6K, T 1 S8 7K 93 A8 2R 5 8 T i B L
A ESRAAREAE ™ PRI 1Ko A B R AR - 11050l T M F bl 55 B R o 3 e A8 U AU L
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VR SR, B A5 3 2 /K AP ABF) 4R R T /KA AB R e 55— 7 T, kW 6 1 e 4R 837 1 T R
FEAERBRVIRIBMER R T LU 51.83% , DLBRAT 5 A 3 F Oy 25 B0 v 104 0 b 1 S LB EE 70331 O S6.
05% H1 55.85% , BRI e o L i) £ e BHRA 35 B A7 R TR TS 1) DX 3l 22 LRI A A = i 5t — P £
T JREGH, BTS2 A , JE— U T R R AL R A AR AR T R ORI S . (i TR
I BE PN B R 32 O R PR PR B T L R DL R AR R AE S A BN IE R, ARk e AB 2 5 31
W HHOK O AB RIS

£3 WNHEAR

Table 3 Precipitation during observation period

i [a] Time 7.23—17.27 7.27—S8.1 8.1—8.6
%7Kz Precipitation/mm 7 10 7
6'%0/%o
=15 -13 -11 -9 =7 =5 6 -14 =12 -10 -8 -6 -4 —20
— G-1 G=2
- {20
= 120
—e—7.27
{ 40
—a— 8.1
o
—a— 8.6 1 60 1 40
HTFK
8.1k 1 B
{1 60
7.27
KA 4 100
8.6k
1120 Jgo &
3
5y
=13 =11 -9 ~7 -6 -14  -12 e
) . . . 0 . . G
7]
-]
E@i
{1 20
-~
{ 40
{1 60
4100
4 80

E3 8 Apti#EkSEBLRE
Fig.3 Soil water transport in August

K d B s AR HE ( Black locust forest) , C A FHIAFEH( Grassland)

2.4 AFAEHESERTT LK M IRFNRHIE

WK W v Bt T HE N L SR DLS BP0 (2 AL ) XE 6 A i T35 Sl A28 R I FR AN, R i o 2 AR LA 260
MPLSER B I RIZAS  AMATRZ LKA R 7K. WiAE T 5y, RE LK 5 i, 1 K AIRE -
HER 2 LUK SGRRIE AU B4R 0] B2 s B A e R 2 L 80K, DURIER Y A9 IE 5 Ao SR 37K 3 R K
ZNA] R AT T AN 2l A7 A 1Y) ARS8 003 Bk e A A BB/ R KR 25 1 < LA B 3 T Kok 2 3K 0
8, e a5 FAF AR R MU AR 2 R, TR K 530 T K Z [0 B A B A AL Lo 4 3 SRk Al
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iR 7KXT 0—100 em £ 2 - 8K ARG Lol . R PTAT, B—1 AEHb i, FEZK AL T 7K X 0—100 cm - 387K /Y
0 LA 53501 R 44.87 % F 55.13% , B—2 FEHIL T, %M LA 530 R 33.20% Fi1 66.80% , G—1 A by v, B 7K il 1l
T AKX 2 FEIK b 2 LB 5300 R 50.04% Fi1 49.96% , G—2 R LI #M 25 LL A5 43501 oA 68.20% F1 31.80% .« %5 I,
FIEARHL 0—100 cm +-3EK L4 39.03% K A FFE7K ,60.97% K [ T N /K#b , 5+ HEK oK fiih T
IK AN LA 30 59.12% Fi1 40.88% , 3 15 (&1 2 75 3] B by 387K 3 2232 B /K H b 45 , Al 397K rhiiy 7 3
KT HE B B 4518 — 5. R 4 MR TRIME M2 K X 3t R 7K A9 N4 L ), f e ml %0, HofE B—1 A
G—1 A A 345 2 T H KA A R K L], 43500 R 51.12% 1 51.64% , Ti#E B—2 Fil G—2 At A Ak
BAFE AT R K & T AN U 0T P SRR TR K RN IR AS i A AR Y L W] RE S R
SERE DL T S AR G . 27 L, S KO i K AN LI BRI 8 0.52% , 22 755/

F3 0100 cm = +BAKMKS RIRLGIEE

Table 3 Estimation of soil water source proportion in 0—100 cm soil layer

Kk e 3'%0 #M ) Conversion ratio/ %
Vegetation types Sample number WK HHOK oK KK K
Precipitation Soil water Groundwater Precipitation Groundwater
AR B—1 7.93 8.03 7.02 44.87 55.13
Black locust forest B—2 6.33 7.20 9.07 33.20 66.80
HE 39.03 60.97
Ll Grassland G—1 7.51 8.03 8.55 50.04 49.96
G—2 6.33 8.16 9.07 68.20 31.80
HE 59.12 40.88

x4 0100 cm + 2 +EKNH T KBIFMA LLBIEE

Table 4 Estimation of groundwater recharge ratio by soil water in 0—100 cm soil layer

. § 3"%0 #MNA L] Conversion ratio /%
HBE2 BeHb g — v
Vegetation types Sample number 7 7/ Rk Rk K Rk
Soil water Surface water Groundwater Soil water Surface water

TR B—1 9.80 8.31 9.07 51.12 48.88

Black locust forest B—2 — — — — —

HfH 51.12 54.52

HHl Grassland G—1 9.48 7.79 8.67 51.64 48.36
G—2 — — — — —

YIH 51.64 48.36

3 iTig

TETE 1 B VAR X, VAR /NN B E oK R 2 B R BRI 3 43, T % HAK A A AE X T30 Bl i i 25
BHEAEEMEMY o MR T R A, S50 K o AB AR P HIE R K SCd A R
TR [RIR T 3K 43 o0 YRI5 ) X T - A P R e VA L S A 246 50 AL 25 0 i ik 1 L T T4
SR o ARBFE R 0—100 em 3K Hh AR T (5 B LG 188 B A 9.5 1% , — 75 1T A R J2: PR Ay
AR RETE B2 B 2N T A 40, 00326 Mo T (3 B K AR {78 B 2 0 7K 43 5k A 18 9 X HE A L
Yo TR A A S L ) - SEFL B R R A ATB R KA REAERE T AB B R 2 1 AR R Bk
(A - 3K TP R 14 L A AR M R o 35 8 b DX A S R L i R 7K MR, — 7 20 m L)
T M RV I EETLI FFHEMA 0—100 om + )2+ AR IFIME . SRTATIIT 45 SR 25 W10 4 RE b 77
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TEM T KNG 2 KBTI g, — 7 T 1T RS2 PR R B S0 RE Mo T IR Bk v 9, b 2 v, LS00 Y T IS 708, b
TR AE e T K 1) EAMA IR RE o 55— )7 11 T B2 PR R ARS8 G X 397K & A b 4 i 7k 5
JB bR K H R 4 R Tan 4578 788 b m R IOBRTE 45 40T R B, AE 4 m LLF Y R T A
SEIRE A A T T H T /K TSt T R 2 T4 A B T S5 %t BT R A A R I 3 AR i R, T
B B B2 S IE R — 45 3 ARBF S T O BB FE 8, L S0—100 em )2 +HOKFRAFR 2 LK
Lk 0—50 em 2 +HEK FAE 32 FHEK 4 0—50 em + 2 + HEK B2 50—100 em + 2 -+ HEK KA 1 H
PEAT T AR 45 W], 0—50 em )2 F3EK o, 50—100 em 12+ K ENA T 5 H1 Sy 46.87% , 45 Sy 450
HF K 0—100 em 42 F3EK A HF- 2 HL B 50.93%) , BMIAETETR IR T K (A 322 H UK I T RE
I AT HETARBIFSE ot 0—100 em 2 % 25 #h 4 (R R 7K AS T F AR 2 K o ASHIFSE i P e 2 -
PR 2 MK RN LA B b 14 HL 451725 9.51% , 7T R J2: PR o S A AR 28 43 AR AR B A, %) 20 em LA R A9+
HEK IR FE , 1K S8 I BRI X8 - 2 A B -, LB, b F R R8s, T
J2 3K Sy A e  E KB E IR YRIZ K 1 22 R, I R 2% 5K A R, 25 5
TERZ K TR o B R AR ROR T2 TS AR, TIEFLBA K, B LB /N, R
FTHEEHOKS ) 2B

b 5 EUH X R K R IR T K A i S AT T KRR BN (BT E A AR I IR TE
R AL FEAE JR R X HE A T R K ARRES LI 53 — 7 TRLRAIE T 28 D7 94 i 3 /K 7T BE SR IR T K 5 i 3%
RIS R RN X — R o [ p AT 25 B0 s B9 /K Sk T 7K e 275 L 091 s M b M 57 0.52% 25 S 83/
BT AR A0S KB R HH T /Kb 2 B AR 9 B A 06 ™ 75/ NN B, £ R
ML SR TE DX IR RRE b D)2 B AR 7 2 R B A L T RE B—1 REHB R B—2 REMBEE B K, MbTE M
APV T A 2 55, 38 R K T R K RN A 2 SR/ o T E T RIS TR AR R IR R A 3k
X K S B PSR R R T R4 L0 K S RS 32 A, T B IR 2 MK A s fig
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