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Soil water availability and holding capacity of different vegetation types in hilly-

gullied region of the Loess Plateau
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Abstract: Based on field investigations, the soil moisture of the 0—10 cm and 10—20 c¢m soil layers from different
vegetation types in Fangta watershed in Ansai County, Shaanxi Province, was measured using a high-speed centrifuge, and
the water characteristic curves were obtained using the mathematical models of Van Gennuchten. Then, parameters such as
soil moisture characteristic curves, soil water capacity, and soil moisture availability in the 0—10 ¢m and 10—20 cm soil
layers were compared among different vegetation types. The results showed that the soil water retention curves were obviously
different in both profiles of different vegetation types, but all soil water retention curves among different vegetation types
appeared as approximate “S” shapes. The range of soil available water in the 0—10 ¢m and 10—20 cm soil layers were 22.
65—26.80% and 23.97—28.13%, respectively, among different vegetation types, where soil moisture availability of grass
communities and the perennial Artemisia communities was greater than that of the annual herbaceous community and less

than that of shrub community except the Bothriochloaischaemum community and the Robiniapseudoacacia forest. There were
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no significant differences in the 0—10 cm soil layer among different vegetation types, but in the 10—20 c¢m soil layer, soil
water capacities of grass communities and the perennial Artemisia communities were higher than that of the annual
herbaceous community and lower than that of the shrub community. Its maximum was in the Bothriochloaischaemum
community and the minimum was in the Robiniapseudoacacia forest. As soil available water and soil water capacity of
Robiniapseudoacacia were at relatively low levels, intermediate cuttings can be taken to promote natural recovery and
eventually realize the sustainable utilization of water inartificial Robiniapseudoacacia forests. This provides a good
opportunity to Robiniapseudoacaciaon some slope conditions such as shady slopes and gaps, where soil water conditions are
more favorable. This research was significantly important for sustainable utilization of water, vegetation restoration, and

vegetation configuration in the study area.

Key Words: vegetation types; soil water retention curve; soil available water; soil water capacity
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N L HERPK AR IR LKA B AT TR, AR SRR RS T A E N LR R Y
I 5 T AR S5 A 5 AR ST T ROK RIS - HERE K PERE RS2 5 Yan S50 SR 5 1 A W) i AT
X R AN A SO BRI T T 9, WA A5 W AN TR s A5 L SR K MR R SRR T T BT 3k
B BRI R R ) 1 MR MR T TR SR R AR R T OR R ML A X R K PR
SR 5 Li S5O RS MR A SRR s L AE T WRSE T S BE BRI Y 3R K ; Gonzdlez-Pelayo 5 X
KA e M I E ARG SRR BETT AT TS . SR AR 22238 3 LR K PR MUK I A et A TR B
e R G AT — AR LR A B AR A RIS ROAR TRV 1 B E AR 7% LU R N bRt 19 = S Rp 7K BE 1 ROk 23
ARAE R A HGE

ARSCLABR VY A 2 FEEL 5 SR T O W58 XS, e AN (R AE A v R T S8 X 52, 76 0 AN R RIS 20 + K
YRR T2 L VR B RERN b WIFSEA [RIAE i S B 1) £ 36 ROK I RIS /K BE 0, AR A2 i e vp R 8K
LI SRR D P 1

1 #MREFE

L1 AR5 XA

FFE XA TR P 48 40 22 17 2 2 LY 39 I 3, S i R 8.67 kAR P35Il 8.7°C AR V- FE I i 542.6
mm , B A PYE 7—9 A0y HZZW , TR 158—195 d, [ 1999 4ETF b X T SEAT T OB (1 1R B
AR FL T AR s o0 A A R AR TR R B SRR S A, 1% X B SRR S AR DI B AR &2 1 —
AR R BEVE I BB Z 4 E ORI ARBEVE I Be, I W T LA B & (Artemisia scoparia ) | i
( Leymusscalinus ) A<T55E ( Stipabungeana) ik % B ¥ ( Lespedeza davurica) KT (Artemisia gmelinii) |28
& (Artemisia giraldii) 15 ( Bothriochloaischaemum ) 55 8 E B F W FIAL B A A [R 2 G BOAL I RETS  THEN
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F RN TA7S ( Caraganaintermedia ) M EE G FKIRTE A KL ( Periplocasepium) AR 2 $il ( Sophoraviciifolia ) |
50 ( Salix matsudan) %5, Fe AR FEZELLN T HIFL ( Robiniapsendoacacia) %
1.2 FEHEFE S HE AR

EAEFEIX SRR G A NN T AR BEARBIABAR B0, 2015 4F 4 F A 78 8+ B 1 A% X 48 € BL 7 3 i 3
W IR GRS R AR A 7 =0 e B B 2L (21°—32°) | Mg TP T fa b, Jo ™ H R il HARBE AN /Y 7 4
HORIK S s BV B R (ZMH) RS ROV (CMC) | HE RV (BYC) VBRAFE + KR R (TGH +
CMC) BT+ REF VS (TGH+DZM) BRAT 5 + 28 & T (TGH+JH) SR RIRFTE (LYC) (LA A TRy
FRAK(CH) R 0AR(NT) , AR (LD ) /E Ry %8 B RS [RIAB A AR DG BRI = e AR A, A AR Y
IR BFAEBR R3804 P AT 2 UGE DT S b ER E 1, B AR N B 2R R A L0 A 3 A4 2 mx
2 m M AR A REMB A BRI OL AN 1 PR

R1 FEEMERER

Table 1 Basic information of the sampling plots

; (i ke 262 i Lk e 2 g S 2 B
Vegti RO mE R Gl e
types ’ coverage/ % Coverage/ % Coverage/ %
ZMH 7—8 27 1274 13 72 7
CMC 9—10 21 1275 23 49 28
BYC 15 23 1259 36 11 45
TGH+CMC 25 25 1261 31 50 28
TGH+DZM 40 29 1268 38 22 22
TGH+JH 40 32 1232 40 16 24
LYC 40 35 1250 70 7 18
CH 2%}%59[" 930&?—:&{{: 23 1278 63 3 60
NT 15—20 Wiz 43 1162 60 25 18
LD 0 29 1264 0 100 0

ZMH . % T3 B V% , Artemisia scoparia community; CMC; 1 15 % 8 V% | Stipabungeanacommunitiey; BYC . [1 2 5 BE V%, Bothriochloaischaemum
community ; TGH+CMC . AT E + K TS BER | Artemisia gmelinii + Stipabungeana community; TGH+DZM . BT + REFFREVR , Artemisia gmelinii +
Stipagrandis community ; TGH+JH ;. BRIT 8 + 28 & HEVE | Artemisia gmelinii+Artemisia giraldii community ; LYC ;IR 7F JIFETE , Sophoraviciifolia community ;
CH : fil B K , Robiniapsendoacacia forestry ; NT . ¥ 25K, Caraganaintermediaforestry ; LD . #11 , bare slope land

2015 4 5 AL F AT ppesh b E AT RE R 4R R AR RE N E B R A R 77 IR 3 AR
BB R R PR o B K SR AR B ) SR AR 0—10,10—20 em )2 A, Hir E
4925 A - KRR R 0 A PR 100 em’® B9 3R JTER A 5 0 5 564 MU Y 4 A B e < S A
s S HRIRAFEREAREMAE, AT E R HIEBURLZ 1 r A S T ARAR 12 emx 10 emx8 em [YER &
AT IR A R I 10T S 50 5 5 W 13 F AR G5 1 B AR T R AR 1 em 24T /N E 8 G M
RN e PR WUk 3 AR TR

JH MS2000 AU FE AN A2 - S OREZH A, 1 SFER0RE 53 28 Rk FH L BR ] 5 SR HI R J0 1200 4385 15 >R
H R PR AN - NI FREI E AA HUST 5 A1 FH SO AL I g 388K 3 R AR 22 0 5E W 5 L 1—1000 kPa.,

1.3 Bl
1.3.1  HHURIMRFIE LB S

IR BE BT (IR ) ) VR 335 K SR R, AT 2 18 19 6 ZR ROl - K o R el 48 I
T HHOKFIRE R Z M I OC R A R B+ 5K ia sh AR RRIE M h 26, AR 228 5 48 R TR 2236 A 20k
ik KRR £ % FHAY A Brooks-Corey #5751  Gardner #57  Campbell #27! van Genuchten #7145 - {H
JEYETF van Genuchten FEAITEIE 2 X TR 1+ 398 | 0 2 50 266 ot 398, 80 LA B AP I LA RICR P A
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BRI + 28 BV AT 38 S0, IR A RV R P2 ROV AT 38 S, R8s + KRBT SP eV ABR M, DRIBEAR % B RF s
A GTE 1. 7<pF<4.01 W3 B, S RERETE Rk PR BB 5 s HOR A S bR IR A UBE 7, 5 AT 18 + K e B %
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W%, Hoh (SR R R K BE T g LA 1.7<pF<4.01 W 7 BoAR 25 il V% Iy 25 V5 Il 4 38 X 7 1.7 <pF<
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LM,
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¢ CH — 44— ZMH —®— LYC —— TGH+CMC v LD

pF{E pF value
[\S)

0t
0 10 20 30 40 50 60 0 10 20 30 40 50 60
0—10 em$: 2 357k 3 10—20 e 2R3 AH KK
Soil water content in 0—10 cm soil layer/% Soil water content in 10—20 c¢m soil layer/%

Bl 1 AEESSEER T 5K 5 RHE & E
Fig.1 Soil water retention curve of different vegetation types
ZMH . 3B 5 TR , Artemisia scoparia community ; CMC ; KRk, Stipabungeanacommunitiey; BYC: H 2 55 B 7%, Bothriochloaischaemum
community ; TGH+CMC R + KPR ,Artemisia gmelinii+Stipabungeana community ; TGH+DZM . R E + REFSE R , Artemisia gmelinii+
Stipagrandis community; TGH + JH PRI + 2 VR , Artemisia gmelinii + Artemisia giraldii community; LYC IR o ) B 7% , Sophoraviciifolia
community ; CH ; AR AR , Robiniapsendoacacia forestry ;NT PR , Caraganaintermediaforestry ; LD b | bare slope land

BT REE K A RRE I 2R OB 2R e 2 Tk , I Van Genuchten PRI SR S A FE W2 A 0—10 10—
20 em )2 HHOKARHENZL I xS E T B B2 R0 (B 2) o AR LA FOR IR
4, RPHFAE 0.99 DL b, 4855 /K 3 A+ 498K 0% 7 i AH G OC R AR B 7K (P<0.01) , A 550 i 26 A, Ul
Y SR A 3 i b X 1) 3K A3 RRAE R ZR 4005

Bl R S AT, V=G B 4 D BEIE 0—10 em )2 10—20 em HZEHMEF(E2) BT
— B2, TR E KR  FURAR R n 22 FPEBOK  RWITEARNE 7 BOAS [RIAR 97 2578 30K 73 FRAE
M ZRARPRA — 2 BRI 5 FR A S K ¢ o B3R R 2 A AL 3R O 1 14 75 7K 26 ( RIVAR M Fifi I g 78 4 T AR
RIS KRR ) | g, 1922 5 R IAE A R W ) BEAS [RIAE A5 IS Y - K A R ik i 2 AN ) 5 Tk < o 1 - 18
FEUGRHEAK T W T, a AF R AR R I Y 22 5k 3R A TRl Al A 2 A - B L A28 20 A FEAE R A2 ok 7 v i B0
TR,

2.2 A[AIE B AY A- SE

O3 SRS [ R A 7 -3 B T o T T 0 (3R 2 36 3) , TR RIS RRL (<0.002 mm) % f oI 2 7E
0—10 em 120 RTE 10—20 em +2H 0 E & T HAMMFE (P<0.05)  EJE H AWM Z 7] 22 Mo 1o 25 5 b
BL(>2 mm) M5, fIRR AR G 3 v T AR B SE B07E 0—10,10—20 em #f 5 35 I8 T H AL 7% (P<O.
05) , HAWRF & IA) 22 AN 3 . WA IR S TEVR T 5, B AR RS I S, iR & i 52 30 22 iy i am v e 5 &
SN T IR B4 AR RO VR B 224 A R R I BRI VR, SRR K RE e B i S K
TEARFAHPERIE | Fr MR KRR IR TR T A E R LAS R T HAR R .

XFFA LN , 76 0—10 cm F1 10—20 cm + 2040512 6.76—13.21 g/kg F14.96—11.72 ¢/kg , KFT
AR RS AL S AR TR R T HARARE R (P<0.05) . 7E 0—10 em + )2 458 K= FHE 2
FEE KSR BT R A BB i WK T AR YR (P<0.05)  HABRF IS A AL & &
T EESR . 7E 10—20em + )2, KU RS FI#R b 5K A B V% |, ik SO BLIBE & = R TR Tk
FEE 288 VR AN 3 THABR . . AR E  HFE R LIS 21 0—10em 20 27E 10—20 em +
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FEME A Vegetation types

B2 AREEHZEE 11E Van Genuchten EI S 2]
Fig.2 The parameters of Van Genuchten model of different vegetation types
n: HHEK I RRAE B ZR T AR R B, soil water retention curve shape factor;a: F3EHFSALMIBIEL, the reciprocal of air-eniry value. /S [F) 553 | 7R
0—10,10—20 em -3 AR R ] 22 57 2.4 (P<0.05)

JEHB R T AR RIBAR A7 SRR R A A R A AR AL T AR, 75 0—10 em LR BRFT
2SRV BRI S RO T SRR, IR R I AR v A AR T AR . E 10—20 em 1),
TR R A 22 A

x2 FREEWEE 0—10 cm T2 HIEMER

Table 2 Soil properties in 0—10 cm soil layer among different Vegetation types
P— +HEVEFR Soil properties
Vegetation types ik Bk bk AL 7T Bulk

Clay/% Silt/ % Sand/ % Organic matter/ ( g/kg) density/ (g/em®)
LD 9.66+0.01bc 23.61+0.01de 66.73+0.00ac 6.76+0.64c 1.14+0.01abc
BYC 11.67+0.50a 32.55+2.09a 55.77+e2.04e 10.40+2.01b 1.21+0.09a
ZMH 9.75+0.33bc 26.17£3.10cde 64.08+3.43acd 6.95+0.63¢ 1.14+0.05ab
LYC 9.46+0.18¢ 29.80+0.92ab 60.74x1.10cd 10.91+2.13ab 1.09+0.12bc
TGH+JH 9.99+0.67hc 27.66+2.57bed 62.35+3.23abed 13.21+3.59a 1.12+0.05b
CMC 10.17+0.60bc 28.34+2.10bc 61.49+2.70bd 7.57+0.22¢ 1.14+0.05ab
TGH+CMC 9.36x1.15¢ 24.68+3.02de 65.96+4.17ab 7.49+0.16¢ 1.11£0.09bc
TGH+DZM 9.80+1.39hc 26.99+2.50bcde 63.21+3.88abed 9.01+4.53hc 1.16+0.07ab
CH 10.21+1.94be 24.20+2.23e 65.59+4.18a 6.90+7.04c 1.04£0.10c
NT 10.91+1.67ab 29.20+3.19b 59.89+4.86d 11.05+2.41ab 1.11+0.08bc

AR R FRn AR RV 0] 22 57 83 (P<0.05)
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R3 TREEWEE 10—20 cm TETEEMRKR

Table 3 Soil properties in 10—20 cm soil layer among different Vegetation types

VT Soil properties

s
Vegetation types Wik Bk Wk B B
Clay/% Silt/% Sand/% Organic matter/ (g/kg)  Bulk density/(g/cm®)
LD 9.47+0.02bc 26.64+0.01cd 63.89£0.01ab 4.96+0.13bc 1.15£0.02ab
BYC 12.67+2.34a 35.27+4.11a 52.06+6.42¢ 6.40+0.79hc 1.22+0.10a
ZMH 9.78+0.07he 26.10+4.49¢d 63.14+6.00a 5.94+0.80bc 1.11£0.08b
LYC 10.29+0.84he 32.65+1.71ab 57.05+2.56he 6.66+1.66hc 1.13+0.04h
TGH+JH 10.161.20be 28.14+3.04cd 61.70+4.24ab 11.72+1.61a 1.11£0.05h
cMC 10.96+0.99h 28.55+1.44bed 60.49+2.43ab 5.18+1.14c 1.13+0.07h
TGH+CMC 8.92+0.25¢ 24.91+2.34d 66.17+2.60a 5.80+1.03bc 1.15+0.05ab
TGH+DZM 9.11£1.30c 25.57+3.86d 65.31+5.16a 6.69+4.01hc 1.15+0.06ab
CH 9,79+1.09bc 25.35+1.50d 64.86+2.58a 6.87+3.59hc 1.13£0.06b
NT 10.19+1.04he 29.25+2.79hc 60.55+3.83ab 8.41+1.21b 1.13+0.08h

AR FRE IR R R v 1] 26 53 .35 (P<0.05)

2.3 A[FEAHBLRE T HIK o A ok

SB[ i e 28 700+ HE/K o AT SR R (D 3) ,0—10 em 2 A ROUK &K SR 22.65%—
26.80% , \VK S BT BOR T, BEAR Fe B 22 4F A8 8 RS HEVR K TUE ARV 1T = T — AP 2 B ATV 5 DA w2 7Y
KT, FF R IR A7 MR 2, IR TS + K T BRI eI, R R 8 e 35 K AR A V% (P <.
05) , HAWRER ) W E M 22 R AU . BUSUK 5 A RBUK & R R HIEE R 22.08%—25.94% , RROKS
HYE M 0.35%—0.91% , AR SRR BRAT 8 + K DS RREE A W 22 5 O BE s I B 2R, 10—20
em TR ARG KEIEFH 23.97%—28.13% , FHFEFRFE A RS K G W35 R TR 38 BE IR Ko HRf
o AT s + 56 BT RN 8 + KA P REVE AR 7K i (P<0.05) 368 R 240 A RSB (IL TUE R
FETE T T — AR SRS | RIMMRRIRAT 55 + KT PR A RS /K i e (IR, US| 5 A R0 K A7 A
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