5540 B 8 W) *E &~ 2 Eild Vol.40,No.8
2020 4F- 4 A ACTA ECOLOGICA SINICA Apr.,2020

DOI: 10.5846/stxb201902120248

Sy, 2% 5ok, S, AR, R0, K AR R B XN TSR B2 XA S HOK S PR 4 5 0 AR 25 24, 2020,40(8) ¢
Ma ] Y, LiZ B, Ma B, Li CD, Xiao J B, Zhang L T.Effects of vegetation types in small watershed on soil water cycle in gully-slope land of loess region.
Acta Ecologica Sinica,2020,40(8) .

B X /NG IEE 1 3R B R A 3t Sk 43 1B EA Y R i

D' F bR B ok FaAR A, KRR A

1 PHIEAMBHE KK L ORFEOEIT T, 3 8 S 3Rl 5 R bl I R S S i 712100
2 VMR B IR XK FDK S BOHFS RS, BT 530000

3 g R SRR 2 e, PR 475004

FEZE AT o B e DX/ EK 38 2R o R i SR DX, PR TEAN R] T 38 TRAB R AL 9 1 3K 3 ERRFAE X T 18 3 A
WA HAEEE L, 2T AR Z R HOR T EF AN KRR AL 2 A [] (5 28 0 Bt 15 A $i 718 AR 0 A 28 XV 39 1 - 39K 747
RSB S5 (1) A KPR U R 37 3 BRE0R - K> R 3 - K > F i+ K > M 3Rk > iR K ek i 8 S &
Bl /KR R /K I8 5 R BB, (2) B K R LARE KA 32, T o8 LU 1) 59.12% , SRIARM b - 38 7K D )¢
JZ& UK ETRNG S 2 BT B 60.97% , FEREPE R AAET O HOKIZ B HR AR R 2 1 em/d, H SR
18 0—50 em )22, (3) KM EHEFE J i T /K BN TE X, B KO0 3l R K B 25 U R 51.64% , 2 HE IR AR
Mo 0.52% , RWIRHBEAT LR MAPFFAE AT —E BORZ0A , RIRAROHR 2 3K o R i BE RO, m] e Il )2 -3 1
JEA T S AT TR AR AGS LR KRN IS AT /NS S i) A A R 5 1R PR AR AR B

SRSRIA AR SRR KB RS s KRR

Effects of vegetation types in small watershed on soil water cycle in gully-slope
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Abstract: The gully-slope 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—350 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
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Tl R 9 M DU B 14 S, S BSOS R A e A T B B AR A, X ORGP AR A T IR 2
W2 R TRAE R BT S 2l OB ZE R S Oy A L DOK SO ER . BLARAE BES TR
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AR5 VAR (36°43'—36°46" N,109°14'—109°16" E ) i TR 44 2 S8 B 55 N | J2: 28 1] 32 3 A 1300 T e 1
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75 A3 MR B2, T B—1 FEHLA B—2 A A7 T V838 5] — Wi, P e A ik 3 N RKOR RS, HLIZR
B SRV AR TR RAR A, R 13 m, T HK, R T ZKRE & 98 7R A ORI 58 FH /K
A 1R 7K B2 T 28 T, B A TRGHIBORE | JBORE D 1k 5 b 3K — B0, I 1 1 ASSRFE R . KRR RCOR 4
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Table 1 Basic information

e £ iy , \ " - HRAFR
e # Ly e omma bR EmmEmE K
Vegetation Sample Longitude . . . . . Growth
. Topography Slope ltitude/m Soil type Major plant species
types plot and Latitude years/a
B + % 8+ A F 0
e H 36°4429.86"N § Artemisia gmelinii+
—1 y 18° 11 4 1
Grassland ¢ 109°14'48.60"E Sl 8 63 st Artemisiagiraldii+ 8
Bothriochloaischaemum
G—2 36°45'41.08°N 10° 1083 L E iﬁﬁﬁh + 12
109° 15744 43" Gkl othriochloaischaemum
Artemisiagiraldii
SRR 36°45'06.72'N
_ AR ° Y | iniapseudoacaci
Black locust forest Bl 109°15'24.16'E Ee 12 125 BAL MR Robinigpseudoacacia 32
36°45'05.89"N
— o i il inians i
B—2 109°15'17.60°E 8 1116 w1 HIBE Robiniapseudoacacia 32
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Fig.1 Study area location and sampling point distribution
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BOGHEBAR(0.06) X 5 AL HE TR R 25 R — 2, AR MR b 438K A8 57 R BOR 2 80D,
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5y 5% 2 WA RA 5200  SAE Ree K I) (87 3R 1 e hy 4 LS S b DA B s OB B e v 1 T R K el TS 1k 32 5
FRZEREK BN | I 52 B 3 2K A A 2 [l R B AR B RS A A | EL B e it DXt R /R IR IR

K2 ARKESERMFFE

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

8D/ % 8%0/%

ARk « — - —
Water bodies S ENIE] fe/ME ¥ifE brifE 2 SN e/ IME ¥IfE bR

Max Min Average Std Max Min Average Std
[#7K Precipitation 18.47 95.08 57.12 24.26 3.39 14.11 7.48 3.17
Hi#7K Surface water 59.44 65.40 62.72 2.03 7.65 9.68 8.47 0.48
R 7K Groundwater 56.25 66.02 63.47 2.46 6.69 8.91 8.87 0.73
T4k %) 41.28 77.80 59.66 11.00 10.56 10.56 8.08 1.43
Soil water SRR H 42.30 76.69 58.05 7.90 5.05 10.06 7.74 1.40

http ; //www.ecologica.cn



8 Syl A5 B DX/ SR B TR A i M SR M B B R ) 5

R AMBAVE DG R /N, S 80 N K R B R AT B ) i R A b - K SR TR A3 2R A
B, TR B T EA R AR R, AR I AR PR R R IR IR T RRK b 4 R OK B R 4
KT 2L BVER , SUE M - K R R A w4
2.2 AR FEK A AR E LR

2 AR IR E AR R R K, A BT BN I KT RE R 8D =7.656"°0+6.77(R* =
0.98) , RIRFIRIE Y /N T 2R RS KL (8D =8.08"0+10) , 2 iy T /K VA IR ¥ 1] P i A% i 2o A8 b i — 1k
O3 VA B B KRB R A TS, B KR B TR 6D = 6.968"° 0—3.41 (R*=0.81) , ML HE 7% & 26
FFER 8D =5.108"0—18.62( R*=0.81) , T4 /K (1 RFF A EHE /N TR K 42, Uh B R /K R 3K 10 240 45
VR, FLTERE KRN 887K Z AT 7 T 35 18 =l ST 2 &/ FH LS SRR 19 A S0 R /N 7 b, 3% A )
PRI - 987K 28 37 () 78 A B e b TR B, L i 8K O 2208 [ K Ah 7T, TR MR b 32 32 A 30+ B K b 45
NS A N & L 0 | o B O N 1 N X e 1 B E Y T B ) L N e
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Fig.2 The relationship between 6D and delta 630 in different water bodies
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H27H.8H 1 H8H6 HXTHIBLAMb AN MY+ K SRR R ST T W, AR A a] B 4 56K &4 TR 7
FR R AR AN 3 o, 2% 3 S Wil fa] B 09 (e] A B K o, TR 38 A MR L R R, G—1 A
i, 7 H 27 HAY 80 FTALIG(EH BAE 7.5 cm 46,8 H 1 HAI8 H 6 HAYZTILIE(E HBAE 17.5 em &b, K4 A
BMHEN2 em/d, G—2FHh,7 27 H 81 H .8 6H 80 Z b4 3 HAE 7.5 em 17.5 em 35
em A0, AB RGN 2 em/d 3.5 em/d, B—1 AEHH 7 A 27 HAY 80 AL (E I BI7E 12.5 em 4,8 H
1 HF18 A 6 HWFALIEE HIAE 17.5 em &b, KA ABHFEN 1 em/d, B—2 MM, 7 H27H 8 1H.8
H 6 H 8"0 FALIEE 43 HBLAE 7.5 em (17.5 em 35 em b, ABHERS 0 2 em/d F13.5 em/d, 25 b 760
R T A5 UE T, B b K A A0S RS 1 em/d, BB L AETE0—50 em T2, — 7 TH ] RE 2
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Wi VE IR , (A3 2K o A B R rh SR T KA AB R, 55— 5 1, Bk 4521 e 405 1 L R
FEA R R W RIBMERZ T IEAL B 51.83% , LIBRAT# FINR S5 B 0y J2 v 19 5 i+ HEFLIRUEE 73 531 56.05
F155.85% , BORIBAR b O e o EL Sl 98 A5 A VA B 7 2 TR 9 DX I 2 LRIV O 2 T et — e 02 7 1
JEEGH, BN S 200, 2B U TR i LR M A T K AB  (ER T I
BN AR 32 2O R B T, AR 2 I RAR I I SO ABRAE K, AR 3K o A 2 R T T
THOK P ANB BRI ZES:

F3 WNHAKEKE

Table 3 Precipitation during observation period

A} 1] Time 7.23—7.27 7.27—8.1 8.1—8.6
[ 7K & Precipitation/mm 7 10 7
0'80/%o
-15 -13 -11 -9 -7 -5 -14 -12 -10 -8 -6 -4 -2
. . . 0 : : : ; . . 0
- {20
= 1 20
—e— 727
{ 40
—a— 8.1
o
—a— 8.6 { 60 { 40
K
8.1H7k 180
{ 60
7.27
Hek { 100
8.6[%7k «
J 120 480

+E%)E Soil depth/cm

E3 8 AfrtEkaEBidiE
Fig.3 Soil water transport in August

FEl b B il kb ( Black locust forest) , C S B A b ( Grassland )

2.4 A[FEFHEA N SR EFRE

R v 2 L TRTE A E 3B LUS | BRER (20 M) 1B 5 AR A 6 s M2 K MRS, LRl o e Ak 22 LATE 28R
RS B S RIZE AL A TR KA T K AE TSI, R )2 B K5 8k, T K FIRE £
oK LR SR RIE A B4 ) L2 B ab 58322 LK DR IERI P RYIEH AR, SR 3K —H TR 7K
Z I A FE AT AR A7 AR B, AT FE 00 0 B 126 K A KOS Ml R 7K A2 B SR LR i T kb 45 3K Y =
I, Gt & SRR R R SRR A R, T HR5E 1K 53T K Z R AR B A L], 3R 3 S /KR
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R KX 0—100 em 2 HIEAKARNG LLB, FRER AT, B—1 FEdb A FEK A R 7K % 0—100em + 387K
N AT 53 51 R 44.87 % F 55.13% , B—2 FEHL T FMA EL A 23331 R 33.20% F11 66.80% , G—1 A HiuHfr | K 7K il
AKX K RS ELAA 5 R 50.04% F1 49.96% , G—2 FEHL AN LL A 23 5] R 68.20% il 31.80% , %4 I,
FIBE AR 0—100em 13K 24 39.03% 3K H T %7K ,60.97% 3K H T 11T KM | B 4 87K i /K A
IK IR LU 5300 59.12% Fil 40.88% , 3% 5 (6] 2 15 3] B b + HE7K 32257 KRN bR 37K b ir 3] 4 18
IKET i HE B R 4518 — B, 3% 4 AR TRIRE 2R AL K 0 b R 7K A9 M 45 L 3], B R mT a1, U7 B—1 Al
G—1 FEHL P AR SEAR 2] T - KA 10 K ELAZ, 23500 R 51.12%F1 51.64% , i £E B—2 Fil G—2 FEHbH Al
AR E RO T K K T A AN U A 0T P 3K TR K R A AN R AR Y, PTRE S R R
SER DL B SRR 56 25 b, M 3K O R K AR 4 A R MR B 55 0.52% , 25 5558/

#£3 0—100cm T E T EKKKD KR FIHE

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

W M 3"%0 A A Conversion ratio/ %
Vegetation types Sample number Bk RS LUNEIS LS LURIKS
Precipitation Soil water Groundwater Precipitation Groundwater
SRR S 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
ol 39.03 60.97
L}l 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
A 59.12 40.88

F4 0—100cm T B+ 5k 3T KB #MA e Bl fE &

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

s N 31%0 b5 Ll Conversion ratio/ %
i G - i
Vegetation types Sample number i 9/ Hh ok Hi R K gk MoK
Soil water Surface water Groundwater Soil water Surface water

IR A 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 — — — — —

HH 51.64 48.36

3 g

TE B - R TR IX IR/ MR R B E oK 3 R e A 6 BR B 23, 1 fifg R o3 A X 98 i A 2555
RHELEAEZAEMN OR[N SRR 2500 3K 3 A B A S K SO AR T IR
FEA AR BT T 37K 73 R 25 [ %k T K PR RS e MDA AR A 2518 S A W) 26 T ) e % FL AT T B34
SRR ARBFTE Y RIBEAR I 0—100em 37K b R K T 5 1 LG Bl R AR 9,519 , — 5 1T Al Rig Je: IR oy
ASHEL R Vi ik = BB 2 X A A T B, 08 M T ) /K R A, AR 5 22 (0K il ik A8 9 T s
S, RIS R b SRR 0 AL BR S M IR Y A B A K P BES LRI A B R )2 I R AR AR
(45 et K R K A BRI A RS, R KR AR, — JBEAE 20 m LA
R KUTE BB ALE LT 0—100 em )R HIEFFAEBORINME, SRMTAT 4 RR MR L A
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FEHL T K AN 2 3K T BE , — J7 T8 R BB 2 PO S8 A 7 Tt i 3, 2 4008, FLAE D 1B SR, e
KRR A T K ) AN B RTRE . 53— 5 T AT e PR R AR ST R A X K & AR A B bR K S
JE bR K PERE ST T AP Tan H 38 FE 8+ @ IR B IR 25 S 0 A R 0, 76 4 m DL A 139850 1
SRR R BT TR K 1 dm oA R R 2 T A0 5 BT G B | R R B LR RN AR
AT RERE ALMR BIR 22, NI — &5 5 A 5T 3 T 2 A MR 5T 8085, LA 50—100 em + )2 - BEK RAF 5 )Z 1 4
7K, L 0—50 em + /2 HHEKRIEER R H1HK X 0—50 em + )2 /K52 50—100 cm + )2 HIEKAMA BT EE
BFEAT T ARG 45 R R, 0—50 em +)2 H3EKH | 50—100 em + )2 HIEKINE T L 46.87% , 88 M HE
VT T KXF 0—100 em )2 H 3K RMNA BISE 2T H 5 (50.93% ) |, i IAAEAE TR IZ 38K R 45 36 2 3K B AT i
PRI AT HEWT A 5T FR X 0—100 em )2 K& A4 MA R HL T KA IR iR )2 58K, A58 sh IR b T8 2 £
e 2 K B RN HE A9 55 B - EEA9 R 9.51% , T fi 2 PR R SRR 28 20 A VR FE 35K, 4 20 em AR Y
F KRB THFE , F K BRI HIRAR T 7E X 3 - e 2 35 v + | H3EFLRR /N, HLY I K s
TR EHOK SR E KB E T R LHOK M L2E%, i R R0 50K I, 25
SR Z B oK T2 EHAR RS MIRER K, T2 KR, REfLER R, B LB /),
AR TFHIZE LK R,

B A = R DX R 7K BRI T FOK A B g A AT KR Z B B AN A vl AR L R A
(T Ab P oS DX R A7 4t AR A ) 3 DA — T T SR E T 4K 7 4 3 3 K T RE SR IR T R K S R
IR FRI R A 1 — A% . RIS AS IR & 30 - S3E 7XF iR 7K R 4 B 4515 TR M AR ML 725 0.52% | B 25 85 /1N
XA RES A K B B R KR LA AR A RSSO e/ N R B, R 3 M
Hb SRR T A XU b A7 B 7 o6 PR R A KO AT R B—1 REHURT B—2 BEHLIE KT, M
PRV W B (0 22 5 s B - SR G R AR AR 4 E 9 22 5 8/ 1T T R A TR AR R R R Kk,
SR K S PR R B RR e TR 20 LT WA K BEMS 3 32 4 M | TR R 2 £ K R D | B
i R TR 2B RS 1 AT RE 38 B T b T 7K A A 25 A AR M O =7, [ BS ZE B—2 Fl G—2 AR MR & I
()t KM T K LS, T 65 - R B FLBR I T8 G 56 , B2 45 9T R B v FLBR AN 24 e o 1
R KA R B 0 BB T JEARK B> AR AN 3% 30 P A G 0 4 B R 223 T ) o B v R K Y
F BRI, XL E T A A S A AR R A5G , 38 32 T M50 25 71 DA B - 48 N R 25 22 A K]
TSI AR BT ) FL B I 5 EA M | 3 A (AR X b K R A Ot AR I 25 5 27
AT LA BRI 33 Ml T A TR e 215 78 Pl R 2 SR SRR R A R v | T BB 2B B R KRR I I A O (R AR RN

4 it

ARG T AR L3R 1 AR5 18 T RA A R B2 T 0—100em 3K B A B AR Kok
P 2 ) AR ) R A5 3 DL 2598

(1) SRCHAR LG, IR b - K ) SRR 6 3R TR o AR, A2 B 078 R 4 TR A P BT S, 0 b R ORI A P
TR FERLITFEHR 6D =6.968"0—3.41,8D =5.106" 0—18.62, TEHI MR ZET &1F T, B + 3K /3 A%
BRERAMH RS 1 em/d, HAB EERETE 0—50 em 12,

(2) 3K o DIFE K AN R 32, BT o FL91h 59.12% , JIREAR i AR 2 AR S 3, T 5 He i)
60.97% , bt I MG S RREMR L T RE S R IR 2 3 TR G k2 o R KR4 DAYA 3 b+ 387K 1) 2 i)
BH R FEEAMAIE 2, B KO T 7K B b LA R b 5 0.52% , TE i 3 25 5+
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