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L' B oA R OEY B g kgE' ZZA' 5 E AWK
VP L A MR R A 2 R RR I 2, A BT AL 3 S R IR B T S, BT MR 712100; 2R K VIR S PRI TR AR, ARG
264025
B E ARSI SEN AR R A8 . RS R H i, KOS KRN R A B R AT
N T, N PR B A S R AN [ RO Ak A SR SR T K 43 BhAS B B K NS AN TR, SR B 19794F LUk AR 4K
(UG79)+ 19994 LR (UG9) FHHF LA (CG) 34N X 64 L3851, %$7rﬂ/7kf§i}zﬂﬁ}ﬁ§@7kz CURFE 4R,
BT BB IR 2 3K R R R e, BRI SUR B PANE M T MARKNBAME R . SRRE: DM LR m LK E,
BEEA ARG, SOREE R, LURES N E. BA T EHIm0-5 m)iiﬁfﬁ :.7kiﬁﬁ$iﬁﬁi%bdyum9 > UG99 >
CG, HEAHMAZRARE; 0-2 m UGTAbFE 385 [ 57 & & /K & 537 L UG99FI CG AL 3 12126.6% F133.7%, fili /K &t 437l =1
87.19 mmA182.52 mm, HUG79%¥ 5UG99. CGERF R, (HUG9S5CG (8122 AT, bR Hith X 52 1 500k 4 pes i
FOKEARFIS, FbH2-5 mTEE/KEM#EKEE TR/, 2)ARAE T H#EKEKMERAR, 0-2 mTtESKEFESZ
SR AB PR DA IRV BR 2R A5, 25 mt )2 0 32 A2 - R AL R A RS, (BB SRR IR RN, IR LR
(SOM) & 438K o I s M SRR K . UGT79%EA 43835 T B K i 5 R 3R & i FISOM & i 2R E A G R R, UG99Y
CGALEE0-2 mE/KE SSOME B EMBEMAKRKR, 2-5 mEES/KES LIRS EEWNEFZMRKR, M 5SOMEEM
FHMEAR R 2 3) & B P ATt BLAF HAE K N IS HMA FNUGT9 > UGY9 > CG, 3SAEFN SEEZEMUA G K NIB HMA FRIE S
T 130.2%H144.5%; H ST E M, T 78 XERKNBINAFEN1.95-7.61 mm-a', 1 HERKER0.55%2.13%. i
2., P e IR S K BN KR, BEINRR KT 3K I RN, B K R A% X 3 T K 0 32 R4
%’ﬁlﬂ LK, BEAKNB R, AR SR P

B, kb, BTE, ORE, KR, &, HE, TR (2018). AFEACK T B BN R LK 2 AR KRR B ST, A
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Abstract

Aims In the Xilin Gol Steppe, human-induced grassland degradation and land desertification are becoming in-
creasingly severe. Critical evaluation of its impact on soil water and recharge rate is important for sustainable
management of soil health and water resources in the region.

Methods 1In order to determine the effect of different grazing history on dynamics of deep soil moisture contents
and precipitation infiltration in the Xilin Gol Steppe, three sites with different grazing history (ungrazed since
1979 or UG79, ungrazed since 1999 or UG99, and continuously grazed or CG) were selected with two sampling
spots for each site. The precipitation infiltration was estimated using the chloride mass balance method.

Important findings The results showed that: 1) Average soil water content of 0—5 m was 7.1%, 6.9%, and 6.3%
for UG79, UGY9, and CG, respectively, with no significant difference. In the soil layer of 0-2 m, the soil water
content of UG79 was 26.6% and 33.7% higher than that of UG99 and CG, respectively. The soil water content of
UG79 was significantly higher than that of UG79 and UG99 (p < 0.05) with no significant difference between
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UG99 and CG. The soil water storage capacity of UG79 was 87.19 mm higher than UG99 and 82.52 mm higher
than CG. In the deep layer of 2—5 m, no significant difference in the soil water content and the water storage
among different grazing history. 2) The factors influencing soil water differed among different grazing treatments.
The soil water content was mainly affected by the vegetation conditions and soil properties for the 0—2 m soil
layer, but by the composition of soil particles for the 2—5 m soil layer. The effect of soil organic matter (SOM)
content on soil water increased with time without grazing. Soil water content of the entire soil profile of UG79
was significantly correlated with soil texture and SOM content (p < 0.01). Soil water content of 0—2 m was sig-
nificantly correlated with SOM content (p < 0.01), soil water content of 2—5 m was significantly correlated with
the soil texture (p <0.01), but soil moisture content of UG99 and CG had no significant correlation with SOM content.
3) Annual recharge rate was 5.64, 3.54, and 2.45 mm-a ' for UG79, UG99 and CG, respectively. The recharge rate
increased by 44.5% and 130.2% for the site without grazing for 15 and 35 years, respectively. The recharge rate in
the study area ranged from 1.95 to 7.61 mm-a ', accounting for only 0.55%-2.13% of the precipitation. In sum-
mary, ungrazing treatment can increase soil water retention, total water storage capacity, and recharge.

Key words soil moisture; recharge rate; steppe; Chloride Mass Balance
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TR R A A KR, RS RSN
Fa e PEAEAR KRS FAKEE T 3K (P47 . SR
FET B2 R XA ST R K- Tl 5 2 Hh R
A LA S N5 S 52 m (5K 48 655, 2006). X T+
BEYTREFAR RS, BAE R BN
BT, 4B FE R K AR (Zhao et
al., 2011). SRS L5 Hb Ab W RR B R (1 i dh, A2
T 5 R e EL AR I b X (R B
2002), HIhBE I IE A 5 K 4 3 X I K A Bk AE S
ARG T A EMILEENE L. R, TSERT
BHOL R POEE K, SEOKRELEIF RFIH,
KA R, 5 R IR . b EEAL
G — RYE R AL IR 0 (B RTEESE, 2012). Rtk
PAE B B 412 L) 0 Ji AN [ SR 2% A R o s
V) 7 AT R AR AT B KRN 25 PR 0L, %o R 3 DX 3 8 Yy T
PR B M A E N IEE .

B IR NI KN TR A2 X K 8 R A A B
(I, WU VA EAFEIATE e KIEES .
HIXLETFIAER T TR 5T RIX, FX
SE X IR KRR D, T AR, RIESKER
ik, 7K SCHb T 2 $0A8 Ak /s 3 DL S (1) 98 45
2010) . TSGR T 832 B A3 S [X 7K 5 3
FIF ST RE T &4 (Huang et al., 2017). EHTCI
Fam Ve, WERRIESR, R E PR R ER R, ERL
SUR B P75 (CMB) A HERA Al 1% X B K N B 4h
YRS LK A I8 R I R B A R — s ik
(R 2% 0 2010), HEKBE 7 —E RN .
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Huang % (2017)F] H CMBAl H 15 58 /R 2 7 75 Ji B
IKNIB AN B H0.09-0.43 mmea ', XBEHE4E(2010)
B S MRV 90.9-1.4 mmea !, BT VEEE
KAF|(Russo et al., 2003). F:EAFF(Sibanda et al.,
2009)55H X YA N

HAT, KT ARBCEEAT N LK RER 5T
LD T IR E (Zhao et al, 2011; HEL, 2015),
BETFRELTREMX, RE TSRy EEY I HEE
KR . 0B BRER 2 (2015) 70 45 R AR 2 RE
(Medicago sativa) % F 2 = LIEH TR, X
YA Y b JZE K R 2 I SR S R IR 2 4%
Ky e 2ZEWEQOLT) I 7T 4E R I A 1 o F)
77 a8 4 BB KR 2 3K 7 7= AR B 23 5
M. T PR =, T8 bR i R SRR SO FE
WFFCARG B /D (B 5, 2014), 1% XK P45 ]
BAIAFAE R R A3 b, TXO06] DX AR A R 1 Pk B 3
FEAE TARKEE M . a0 B R A5 (2016) A N B ARIATIR
BN K RS AL T 2 - 7 IR AR (1980-2014
), BEAGR R FEMANEUR, & SANAETI90%
FoA o MEENNVESSE(2012) iLili2%(2009) I 7 1
FIEKFFARZ X T K ) 32 AR, S R
K EEAR G T K45 . Barthold:(2010) [ 72 11
RIS T R R K 1 B IRZEH R K
KR, T AR IR AR Hh 3R /K 3 B 2 ROk
Aheh o XL TE R T R S AT R AN L R A
Ko BT, AHIFFUABUIE Ik X 85 A 288 B R AN R
WAt R RIS KB MCIRERI E, & &0
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AN FTBCR AT T 3K 7 3 B AL, FIAICMB
KNS &, FFiE— DR X Kb
ZEHRIR, AHUZIX K BT R I S
BRI IR BB AR5 o

1 MRFFEE

11 fARXEER

WEFL X AL T P S A XGRS0 8 B 2 )
W3z (R TR 2 B N 52 oy S A A 2R 8 S BE 7
(43.63° N, 116.71° E, #1211 270 m), FEHbAFEHL
R, ORGSR 1, BTN U4 3 (et e
MIBIRE, 1997) 1% X J& il 5 R 2= X
A%, THERZ N, EHRGEZ5-4.0 ms ', FETES
110.7 C, 1HFHRIREAL, ~-20 C, THFHS
Wim, 21 C.fEKEZ358 mm (AL ZEEDE)
(Lietal., 2016), K¥PERHEEF(6-8H), FHES
B3040 mm, FEEPEIARFTFE2H . BE
72 E N1 750 mmo Hﬂﬂ:&%ﬂ<§§fﬁﬁfﬂ§ihifjifii§
RAERBRZ, MR 5 52K 77 st ia (22
P55, 2018). ZRPUREHUAE # DL 2E H (Leymus chlnen—
SiS). B ¥EE i (Carex korshinskyi) N, FAME S A

12 HMmHRESNE
T20144F5 H RELTBUS 25BN X ) L35
e BARA: 19794F LISRAEM(UGT9). 19994 LUK
EEM(UG99) RIS UU(CG, 43k 2 -hm 2)(#1). 34
FEH B — 2 1 SR M AR R, HEE%&L(%%U
Rk, & i KR, BERS 45 & IR AN
T S A 2% A ) R 3K SRS o SR N TN FL A 32
KA T HERE S, RS/ IX BENLR AP A, BPE
SN2, KAEREZYINS m, 04 mBE10 emditE—
A LFE, 4-5 mBF20 e — AN b FTEUL A —
TR, SRR BRI E S KE(05 C R
T8 hZ e i &), Rl H o 2 H 0 R R A7,
T s, AL S EMCTREENE . 5350
Hﬂm’;ﬁd%)?(ofso em)BIEAE A, FMEEDNE +
R E IR H R (SR ) SR IR VA e, T
A WU & 2 R K CrO 8Lk E « H3ECT i
MBS il o REBUAT 5 g, MnZRIEK25
mL, #&¥H1 h, BOFERIEER, BALETE0.25
pm )G F LI R e i 22 BB LT
13 HBITESLE
3K A CL P59 E (Co) I o &

HAKE

A K% (Qipa grandis). F2r (Achnatherum sibiri- 5
cum). HRZEVKF (Agropyron michnoi)&s, JECHORE 1 ) IHSHICT RN x 28 TR/ MR
FEAFERE, R, HEEE, KR Cld- S JiE e
stogenes squarrosa)®s, EAARELILE L, (1)
1 KFHARNG R,
Table1l Basic characteristics of the sampling plots
RFAIE 19794F LR AR 19994 BLR A FREERAL
Characteristic Ungrazed since 1979 Ungrazed since 1999 Continuously grazed
THF Area (hm’) 24 35 40
R Altitude (m) 1259 1274 1273
Hh FR AR bR Geographic coordinates 43.55°N, 116.65° E 43.55°N, 116.67° E 43.55°N, 116.66° E
THEAEHEE 55.31 49.65 38.70
Soil organic matter content (g-kg ', 0~10 cm)
Wi B Slope (°) 2.7-3.0 2.6-3.0 2.7-2.9
7% Bulk density (g-cm ™)
4-8 cm 1.14 1.15 1.30

18-22 cm 1.39 1.26 1.43

30-34 cm 1.44 1.33 1.43

40-44 cm 1.43 1.31 1.46
i1 A4 Aboveground biomass (grm™?)  26.33 22.29 0.81
WM B T Vegetation coverage (%) 41 48 4

flt#Ff Dominant species

ESNE ¢ % L NBRE NN
Leymus chinensis, Carex korshin-
skyi, Achnatherum sibiricum, Sipa
grandiset al.

WRER, FRE. K. W2
UKL

Carex korshinskyi, Leymus chinen-

sis Sipa grandis, Agropyron mich-
noi et al.

ERL, HEER, RRTE, X
e

Leymus chinensis, Carex korshin-
skyi, Sipa grandis, Cleistogenes
squarrosa et al.
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BT = LS E e O IR M, AR SCR AR
N E AR EEAG E RS LA E, BRARK
(Guo & Gifford, 2010)%1 T

100
BD = 2%OM R 100 — %OM 2)
0.244 1.64
A BD N A E; %OMANAE - ZEVUR E 5

TE.

CMB Hi ErikssonfllKhunakasem (1969)$2H, 1%
T7 i ERTE MR ARICT a5 a0 A E
AL S ER S S o S NTTRA - A GRS RV AT =1
e, ZINERERETUUMER: HRAHPCT
B X PR KEEE, AT DU FRBAC I 8] - 341
B . 2) CIETEM A B ORFFASE, NS 5FTHL
BRI o 3) 187K 43 1a 7 AT LABAE i 28 X 1)
NEE 4R EXERIR T, AR TURE S L
BECI ME—RIE, BT~ E R B, PR 52
ENBMEF (R mm-a )] LLUER N5,

R=Jx C; 3)
A I RRAEITEQ =P x C, + D, PAYHE
EPEIEKE, mmea; C, NFEKEIARIZE T
CI = E, mg L' DACT T, CoAHik
ICT Ji &Kk FE, mg L'

TIEMEKERIE—E LEREENLIESKE,
PIKZERE(mm)ER R . THEARWF:

S=10x6xDgxH 4
A SN MK Emm);, 0 N HIEFRES KK
(%); DpyHIERHE(g-em™); HALEEE (cm).

2 LR

21 FRIBHEMS T LIEKER S R EKEFIE
W FT7R, AN E) AL BE - 398 5 B /K R T 4y
i 22— E AR 3 AL BESS R B RIS K
e, BEERERIIEIN, 0-30 emiLEflEL, 5%
JZ(0-10 cm)#H HE, UG79. UG99. CGALFE20-30 cm
EIKE A D T 56.7% 64.8%K156.1%. 30 cmbL
T L2 S K E R OR R BRK (6% 5 47), bl
BHRORLE BRI K. T AR s, AN
AbPETE] IR E AR ER 2 — BN ESR.
UG79. UG99. CG 35T it & /K & AR Fl 4y
AN3.9%-19.4%. 1.7.0%—18.6%F11.61%—13.9%.
ERBON R Z(0-10 em) TR EIKE MM T, Bk
FKHN: UGT9 (19.4%) > UG99 (17.9%) > CG
(13.9%). HER2 &I, #A 5P &K E N
UGT79 (7.1%) > UG99 (6.9%) > CG (6.3%), (H=%

388 7K & Soil water content (%)
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ki Sand mmm PR Silt mmm B5KL Clay —o- SWC

Bl AFEEARFAET 138K 08 2 (SWO)CPEMEREIR 2) 5 ik T B A4 AE . UGT9, 19794F LISREE; UG99, 19994 L

KHlE CG, R

Fig. 1 Vertical distributions of soil water content (SVC) (mean + SD) and particles under different grazing history. UG79, ungrazed

since 1979; UG99, ungrazed since 1999; CG, continuously grazing.
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Table2 Characteristics of water storage and water content distribution in the soil profiles(mean + SD)

VA% Depth (m) f#%/KE: Water storage (mm)

T K E Average water content (%)

UGT79 UG99 UG79 UG99 CG

0-1 119.40 + 11.43° 110.52 + 8.49* 93.74 + 19.67* 8.52+0.76" 8.07+0.58" 6.40 + 1.20°
1-2 139.75 £2.32° 61.44£3.97° 82.89 &+ 1.44° 8.91+0.18" 4.59+0.24° 5.17+0.10°
2-3 103.39 £ 27.89° 138.66 + 23.60° 87.03 +31.86" 6.40 +1.72° 8.53+1.45° 539+226°
34 85.76 = 26.60° 86.16 + 2.60° 110.19+ 17.07° 528+ 1.64" 5.28+0.16" 6.77 +1.05"
4-5 4457 +8.12° 143.75+3.85° 149.90 + 59.55% 5.47+0.63" 8.82:+0.24° 9.19 +3.65"

AFNG FEER R R R AL FRIA] 25 53 5. 25 (p < 0.05). UG79, 19794F LISK & UG99, 19994F LLK FlE; CG, Fr8ik.
Different lowercase letters indicate significant differences (p < 0.05). UG79, ungrazed since 1979; UG99, ungrazed since 1999; CG, continuously grazing.

20 "

5
g 15+

8 x

)

2 10| T T a
s T
a Sr—
= i
= .

0 L ! L
UG79 UG99 CG
2%+ Grazing history

B2 ARBCRSM T RS KEER . ARNS TR
FORAF AL ) 22 57 8.2 (p < 0.05). UGT9, 19794F ISR FIE;
UG99, 19994 LIk HlE; CG, 8.

Fig. 2 The difference of soil gravimetric water content under
different grazing history. Different lowercase letters indicate
significant differences (p < 0.05). UG79, ungrazed since 1979;
UG99, ungrazed since 1999; CG, continuously grazing.

Z R ZE AN o AN ER I THI 7K B B K AE(19.4%)
HIEUGTIOM R, H/IMA(1.6%) H L ECGAb
34 mtZE. WANHE L Z RS KEEAF L
B HAEAE—E Z 7 (F2). 0-1 mTEETFHEKE
UG79% 1 N8.52%, UG99IK 2 N8.07%, TMCGALFE
1 H6.4%, (HiZ -+ 2 & A B A 5 K & 2 A B
(#£2). 50-1 mtJZHtL, 1-2 m+ 25 /KEUGT4E
RIS THE, TTUGIRMICGHI 28 F . 02 mt )2
UG79 4b 22 + 358 5 7K 2 43 71| L UG99 A1 CG Ab 2 155
26.6%M133.7%, HUG794# 5UG99. CGAbHE + 15
HKEZREZE(p < 0.05), UG 5CGHEFE 2 F A
B3 23 mtES/KEUGR R, H5HAMmBA
AR 2E (P < 0.05); 3 mPA R &AL HEE] S K&
ERAEEEK2).

HEE/KEMLL, ARGEAR L EMEKE

WAEAE— B Z R (F2). 02 mT B /K EUGTIHR =,
HEUGY. CG#ZEREZE (P < 0.05), 7l
UG99MICGH187.19 mmA182.52 mm. 50-1 m+ZHH
b, 12 m+JZUG794 ¥ + 3 fif /K EWs A T, 1
UG99 M CGALBE M FF 46 B, JELAUG99 5 N A 2,
FLO—1 m N % 1 44.4%. 2 mEL N+ EUGT9% 1 F1 &5
L AR L2 T I (1T, i K B R SR A, T
UG99HCG b B - 16 ik 7K B8 i o7 b A8 Ak 52 AN [R] i
)EE‘J&zJJ
22 RELIEIEESKENFMER

jﬂﬁﬁﬁ%&ﬁ%%i Bk R R, s+
S K B ARHFAE, K0-5 mEE R RE
(02 mANRJZ(2-5 m)P = AR T, AFL)Z
() T33P T CRIURLZEL R AL S ) AR, 838K &
WA

0-2 mtZ & /KEANUGTMFE i 5, CGHedo
HZR3 A HUGT94#0-2 mt 2 HIES /K e 5N
T E AN R R R R AR AR (p <
0.01), TMUG994LBE 135 /K & 5P & & 2 W

R®3 HHEEKES HIRAAPUT TSI R E
Table 3 Correlation coefficients of soil water content with soil organic
matter and texture

Qb FEA%  LIEf Wk /R A g
Sampling Number of  ¥Ji Sand Silt Clay
plots samples SOM

UGT79 (0-2 m) 20 0.537"  -0.597"  0.633" 0441”7
UG99 (0-2 m) 20 0.890"  -0.295  0.195 0.390*
CG (02 m) 20 0.795" -0436" 0467 0362
UG79 (2-5 m) 25 0.720" -0.565" 0.380°  0.578"
UG99 (2-5 m) 25 0233  -0.678" 06117  0.668"
CG (2-5m) 25 -0.199 0569 0547  0.567"

UG79 1979£Eu7klﬂ‘ UG99, 19994 LK I; CG, FREEUH .

,p< 0.05, , p <0.01. SOM, soil organic matter. UG79, ungrazed since
1979; UGY9, ungrazed since 1999; CG, continuously grazing.
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BEM(p<0.01), SHHEEREHR(p<0.05),
CGAHE 5H ML & kR EAH X (p < 0.01), 59
F AT RS B 2 A K (p < 0.05). RIE0-2m, HHL
JoR 5 B R SO £ A S 2 R e R TS OK &,
AR IR K, %2 B gk & B (), -
BRI SO K B B K . 2-5 m b2,
FRUGT9MEERAL, Hop2 M ab s 5%+ 2 T AL
TR ETMIER R, 1B5 I HUR 4 R 35 A0 5
(p < 0.01), XYLHIXTFUGIIFCGALFE2 mbA T+
2, IS KR AR R RS, TTUGT794k
HRRR T A2 LSRR AL, 3857 B A ML
ipAl
23 TEEHECI PHIFESHEKNERE
EI3R, RKZETIECT S EIIHTRIR, S8
TR CL PR E R BN UGT9 (255.55 mg-L™)
> CG (223.81 mg' L") > UG99 (207.66 mg-L").
UG79. UG99FICG T 3E/KCI K & AR b il 43 3 N
83.61-526.54. 56.40-445.91#166.13-412.62 mg-L ',
BE %+ 2R E RN, UG99. CGAMHECT K & S T
T AR T T, TIUGT79AL BN B My 5 T 5
SE, JEIEHTE R, ARUES mikE N RARFFHE. 0-1 m
+ ECGA I 3Kl TR % 75(199.24 mg-L™),
S HFREUGT9. UG99HIL1.8. 1.91%, X[t T CGHE
2R A RS . UGT9AL I 1-2 m+ 2 35K
CI 3R EELLO0-1 mt JZBE B8 BT+, TTUG99F+

B TR E Soil chloride ion concentration (mg-L™")
0 200 400 600 800
a T T T T T 1

-o-UG79
—v—-UG99

100 | = CG

+HERE Soil depth (cm)
g
T

N

(=3

S
T

500

E3 AR AT 3R CL 8 5 A RHE . UGT9,
19794 LASK FElHF; UG99, 19994F LISk Filds; CG, HFFEEHUR.
Fig. 3 Vertical distribution characteristics of chloride in dif-
ferent soil profiles under different grazing history. UG79, un-
grazed since 1979; UG99, ungrazed since 1999; CG, continu-
ously grazing.
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EAEFHE (& T 157.8%), CGIRZ (Ft@m T
31.8%). 2 mLA T L2 UGT9 LK CUIK A /Mg
3, (HEARE AR NIEE Fm, HIE3-5 mt 2
HIL TIEE X, X —08E X B H IR UG9IRI CGAb
A FTHER, TTUG99MICGALFE2 mbL T + 2 ¥ ik
R RN E TR« A FE 3K CT fa g )2
ATREAES mEA R .

ETREPETRX, HRASHRE, AW 1E
N ALK SCH TG, B 387K 73 e ok — %k
4508 . FIFCMBR H TS E K NBFNG &, CII)
g N AT DU I R K & KR RICTIRE . C Tt
b B vk HOIRAS . AL IX PR AK R CL IR FEAE 1.6
mg L' A (EEES, 2014), X —H(l 5HALTH
HOIX B /K R IR BEARIEE, G H R A =E il ik.5-2.8
mg- L' (Ma et al., 2012); /1.7 mg'L"' (Xu et al.,
2009); M%1.8 mg- L™ (AFIAEH K, 2008). %X
ERFKEN358 mm, R — 4 A iE B K+
HECI B K2 N1.6 mg' L' x 358 mm-a' = 572.8
mg-(m*>-a) . UG794b F 33 i v it £:354ECT &
FHEZ1435 a x 572.8 mg-(m*+a) ' = 20048 mg'm 2,
I BFE 20 048 mgem i, BT UGT794bH 4
HRmCkE, iHHEAHIZLERLIN160 cm,
160160 em )= ] LUK S it 233 54F [A) 254 b 72
X R CL 2 8 DA KB K NB RIS . UG99.
CGRIFEHIEF0-160 e TS FE K NIBAIMNG - il ik
THAEAS HUGT9 A BRAF [E 7K N B HM G 26 B 15y N 5.64
mm-a ', UG99IRZ, H3.54 mm-a', CGbI &/,
fUA2.45 mm-a ' i E4E SRR B ARMOAT LUK niZ X
B AR - 438K 23 R 78, ZEA3SAE A SAF ] DA%
IKANBANG 2253 774 151130.2%F144.5%

FEFRYTRX, CUB T MKl Ttk
NI (HH T U R R R R, it
IR R TR KNS B E S bR EA
o EEWFFCABEHEEE, 2010)26 ] R Z K I %< -
SERGEEBTRE, Uk LA AT
HERAL 5L, ASHF L0 2 VR T O +35% 1 N & DT %
(1) _EFR, —20%1E AU T BR (Huang et al., 2017),
30 & B U B AR L8 B N 458.24-773.28
mg-(m*-a) ', BRI X B K NI AE RN T L R AR Ay
1.96-7.61 mm-a' (F£4). FHFMAE G YA FK
= 170.68%—1.58%.
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Table4 Soil water eigenvalues of vadose zone

ALEE CIPPENREE M AETIRME AMSER AR
Sam-  Average CI' Recharge H/ERE/KE Upper Lower
pling concentra- rate Annual average bound bound
plots tions (mm-a™) supply/Annual  (mm- a') (mma™)

(mg'L™, precipitation
0-160 cm) (%)
UG79 101.63 5.64 1.58 7.61 4.51
UG99 161.68 3.54 0.99 4.78 2.83
CG 233.88 2.45 0.68 3.31 1.96

UG79, 19794 LI Fl 3 UG99, 19994 LASKE &f; CG, RS8R
UG79, ungrazed since 1979; UG99, ungrazed since 1999; CG, continuously
grazing.

3 g
31 AMHETRETFEK S HIR N

= THI 7K 55 2 0 43 A R AT A2 A (R 2%
ML SR EEAIRRES) . AR 2. KFRAR S
JRGH) T QIR ~ 3 AT 30 RT3 )y 3 o (1
B, AL A . IR E A I SR R)
DA N R ity 30 45 TR 3R B R g i 11 & SR (=2 e %%,
2017)o BREGX 3N AL S A R T 26 AR AR — 3 (b
BRAHAR), DR AS (RO 5% 1 T 12 Al R O BA 22
3 R RO MRS X R HEK A 1 R R R

ANFTIBOGRAT N, ARG, L33 K 4R
DA . SEEMAC AL, APOEIE X & R a5
3, MHEVETRE Hh AE YR i B 2 PR GRXTI
W%, 2017). A 7E(Zhao et al., 2011)K W, HEY)E
EA R IR AVRIESOR, BRI A 25 R G
T 5 P A, R O] A A A8 e it 2 A
BRI, SEEMACEEA L, R B AR AR
Wi E T RO E AR 15 IR E
NRENEN, IS - 48K o & BRI A, AL
WG 55 B T AR AN ), A 28 6 A FH A P
75t . 5UGTIM LL, UGOIFH AR 1) -3 R Z 7Kk
O, AR HR M R 2 A T IR A I N (R 1),
TR RN G . AR AL B B R 1A
Bl %Atk T A R AR, (AHEBURIA IR R
B 386K T AR 26 B, AT T B 2 WA AR A T DL s
I3 A K BAEKE, TURERAWE.
K ETR BT BRERIRILAL, UG 2 il i 52 -+
BN, HIEEPRAR. HIEAVUR S ES RN
J53, B RE LK o> O B R AT RHIE . A S AS
R, USSR ZE LIRAE, AN S
&2, BRSNS, (R BKS E IR, X

ST R 745 R (Zhao et al., 2011)— . HHUF &
BN EARS I ELEWREENEER T
(Franzluebbers, 2002), 7% 5 f1 B8 LI &R+
HREE I E BT TH, R A M AR e M A FLBR R
(1) 42 /=1 Ae 18 0 1= 438 /K 73 N2 P BB (Zhang et al.,
2007). ZEPORT LIS N LB HLR & &, Seiat i
ML, RIEPFIR AR FLBDIR B DL AN A
IKERIE R K E(Zhao et al., 2011), KLTER
VSUR PN T ipaRiER S X ki G s IS
HALANUR 'R, FEDK, FLERERK. &
BN 2008) 1 715, TR EMK, YRS
AL, MFENSRBE, FICGRhEEHIENE
PERE T FE, FEKNBAMERRAK, TS KERIK.
[ o ASHIE Al S 4 R B, 35 AN SAEEEM 73 5
JE B K NSNS 2P 11130.2%M1144.5%, 3 — D HE
SEASHORT DU E 3K o NI AN . RT3
I ERA B E K NS R, if3UGT79 L2
HIE0-2 m)E K EREKEE R E S T UG
CG. UGY9- T E/KE = T CGRE, (HIfFRLH| R
EXES, XA S B EE S T, EEE
RIKEZ A o AT IR R I BEE SEACE R 38,
T U TR ZE - HEK 3 (1 52 SRR K,
IXA]RE A T B AR IR P3G, 5B 2 A LR
Wbk Z IR 2 L, RIS B, s
T KR B TR 25 SR B IR 2H okt £
B KEHH BELW(ERS), Wik b gk &
BEHIEEKERI, LIEEKESERAIRE
BREEMKEKR, SWRSEETMIER, X5
T E SR % (2008) 5 4% 3C A FHAR B 22 25(2000) R A 72
ZERARL. BEANRRZE IR, HAeHESKER
FETEARN AR K, 3 32 B2 a0 b - 335
R AVb KR E (B, KALREZ, BE LD,
FRAKMEREZ . UGT9MFESR 2 T3 m B kL i
(B te oK m Rz —, By g
B EE, HRPKE MR CEE RS, 2017).
B AR DS RGUEYIR R EE AN TR E L, R
JZ LKAy LN, RS 3K Ay 7 R
P G, IX 5 22 A (201 7) B 7T 45 R — 3K
27 L TR, CHGE R 5 i e R IR R 3 R
BEMEZI0-2 mtZ /K R0, 125 mt 2 322
Z R A, B ARG R N, &
A HUTR S BT e 2 B RS ROR K
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32 XS % E RTINS AMAFIERI RN
ARMAT LLUE R R st RE, dEim s+
FKARIL . TFFCIX SRR SRS £, R
JFR NS DY 20 88 (O TER BT, 1997), 35t
DAV RN (B, AR S AL B AL
AL ISR TS . HAZ X M /K SR 1
30 m (HBEHE, 2007), Toigxd R AN e . H4h,

Z X TEAHNEPECT B (A F it AL BE 2 45 7 CT

R R ), PRI RSB AR o 1% X L3 &
FERJE. ST M ESRIRIG, WRS
i 2% A L A, B ORI I8 o B K A N 3 03
MCT AR . T2 KRR, 14
KA EICT IR — Mo BB — AN, G TR
(BRoRF5E, 2001) 0 AW FLHUGIIFICGHEER EE — AN
WP ) HH B AT A 2 R 142 DX 3 S ) 22 S i 9
JRE S K BN, B S BB Y BUE R TR,
HAeHZNERI S, Hik, B XRKTREA L
NI FER, REfEHICMBRIGE R K NIBHMA B, N
F CMB it 545 H 3555 Rl 1 SEEAEM 43 Tl K B K N5
ANE PR T 130.2%A144.5% . WEFCIX TN R
N2.45-5.64 mm-a !, FEETUIRRSEAH 2 K &I N
1.96-7.61 mm-a ', =T P B RGBT 35 Ak b
(FEF/KEN90 mm, $MAZA0.95-1.33 mm-a') (Ma
& Edmunds, 2006) F1 i ¥ B 70 5 (FF K & N
120 mmea’, ¥4 % 50.9-2.5 mm-a )(Ma et al.,
2009) . 3X 3= B H 3% DL AAE PR GUAS [ 2E T 5 2
IKIINB U S ZERARIL 22 T . BF R X R Z +
R DAY RN, (HAZHE AR R DL I T
SO, IR HUR SRR S, XA AT PAYg D T
IO BIZE AR AR VDX, HIEFLRR R, +
KA Nisik, (HIRI 2R 30 R b . B 4l
Ik, WX BE AR NS RARIRAK, X — IR AEH
fi B2 R IX FIFEAELE, B anTE 3R 76 35
H1<0.1 mm-a ' (Allisson et al., 1990), 3% [ P55 & &
(I E 5 J1F90 (Scanlon et al., 2007), Jé H /R PEw
HRIRBEAMAL 92 mm-a ' (Favreau et al., 2009).
B9 DX B KO 338K 43 R AR ARG LA, it
BT AR, BEAKIFARZ X R K £
WNAIR. — 7 TH, BTEGH T PR AN o KR
[70.68%—1.58%, T HF 7t X 1~ /KRS, 1X&
BH BT ECE THI b X B K NS A L K R /D
F—J71H, HCMBJRHE A, £ 3K ICT EK
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FE 5 N K P CLU i B P el — 2, )35 BE B oK
BN R K ME— Bl 2 BN ORI, 4t
7K B CLJot 23k B2 B S8y T4 7K CL o SR R I
1R K BANG BRI ) N IBHNA AL, A E Hof b
SKUii(Huang et al., 2017). A X F7KCL IR E N
54 mg L (EAERE, 2014), #IH - LIEAKKCT &
WP LG = T R KCU R SR, Xt —PE
BA P K 12 X 1 T K R EEAMA

4 “Eip

I T R S0 B JEAS [ Bk A F0-5 m
IR, RO T K B AT, I
E T BT RN BHNE &, YIPIRI T %
DX R ACRYE . FELSI T

() ZEPCRT LS 8 bk 210 )y 3 70 0 Ji - 338K 43
S8, TUERERNWE. 0-5 mt 2P FESK
HRINUGTI (7.1%) > UG99 (6.9%) > CG (6.3%),
HESARE, 0-2 mTZUGT9 - EKESHILL
UG99 FICG H126.6% 33.7%, 154k /K &7 5
87.19 mm. 82.52 mm, UG795UG99. CGAL# %5
B3, UG9OHCGE SRR, FfmHithX 57 115
WORLZH B2 B K A AL, & A BR 2 (2-5 m) -t
B K BEAE KR 22 BN

() AN [A] L J= VA [ AU 5% A L 35 5 7K & 5 i)
A 0-2 mt 2 /K& 3 52 R AR
LA BB A BRI A B S, T2-5 m
2 M 32 87 - S Uk 4 R . UG 7934+ 358
TRTRLA R HIEE N & &35 /K ER R E A
K; UG ECGH HIAN & EA2 mb 2
SKEBNEFEME, 2-5 mEIEPRA RS & KE
WSR3 O, AR (AR, RBE TR =,
- SRR 2 R T S (EL S AR AR BR A o,
T A MU R S BRI R SR RO

()R] LASE N AKX L 3887K 2 R G  BIE L
X AE K NB A 2 HUGTI (5.64 mmea') > UG99
(3.54 mm-a ') > CG (2.45 mm-a '), 3541 54E4%
I3 E FEK NI AN 2o dd i 1130.2%+44.5%; BIF7T
XA ARSNGB 1.95-7.61 mmea ', (HAEFEK
H10.55%2.13%, FE/KIF AR X HL T 7K ) 32 2 4b
255
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