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The relationship between grassland ecosystem and soil water in arid and semi-

arid areas: A review

70U Hui, GAO Guangyao ", FU Bojie
State Key Laboratory of Urban and Regional Ecology Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: In arid and semi-arid areas, the interactions and relationships between grassland ecosystem and soil water are
important for revealing the role of grasslands in regulating water balance and for predicting future grasslands in line with
climate change and other important scientific issues. We reviewed the effects of grasslands on soil moisture, as well as the
responses and adaptation mechanisms of grasslands to soil moisture, from different interfaces and on different scales.
Further, we analyzed the modeling methods used to simulate the relationships between grasslands and soil moisture. The
effects of climate change on the relationships between grasslands and soil moisture were also summarized, since this is
currently a topic of high interest. The grasslands affect soil moisture by influencing both hydrological and ecological
processes. Various vegetation factors influenced soil moisture on different spatial scales and different interfaces. Soil moisture
directly affects individual plant morphology characteristics, especially the leaf, stomata, and roots, leading to changes in
plant physiological and ecological processes such as photosynthesis, transpiration, and soil water absorption. Furthermore,
soil moisture also changes the interspecific relationships between grass species, as well as the grassland community
composition and structure, which ultimately affects the functions of the grassland ecosystem. The complexity of plant water

transport in the soil-plant-atmosphere continuum ( SPAC) system increases the difficulty of modeling research. A full
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understanding of the mechanisms involved in the interaction between vegetation and soil water is key to solving the problem.
Revealing the responses of relationships between plants and soil water to climate change is conducive for the accurate
prediction of the impact of climate change on grassland ecosystems in arid and semiarid regions. Based on the analysis of the
present research, studies on the interactions between grasslands and soil water have mainly focused on the analysis of a one-
way effect, and there are deficiencies in the coupling effects and feedback between grasslands and soil water. Finally, the
following further studies are proposed:; 1) investigating the relationship between soil water and the dominant species and
plant functional types of the grasslands, especially the mechanisms of the interactions, the threshold response, and
adaptation mechanisms of different species, and the plant traits indicators that can reflect the plant responses to soil
moisture; 2) investigating the conversion and comparison of different temporal and spatial scales, and the study of
grassland-soil water relationships on community, landscape, ecosystem, regional, and global scales; 3) investigating plant
models on individual, community, and ecosystem scales, and their coupling with water transfer models among soil-
vegetation-atmosphere systems for good prediction of future changes and plant distributions of grassland, and better modeling
of soil moisture; and 4) investigating the effects of climate change on the relationships and feedback between grassland and

soil water, especially the plant physiological and ecology characteristics related to soil moisture.

Key Words: grassland ecosystem; soil moisture; interactions; model simulation; arid and semi-arid areas

FHARSRGR TR R TR EE A SRS HA XU AL AU AR ) AR BRI 8 R
w3 DA S R SRR E A SR RS TR R T R MIX AR AR R G R R N R A A 2
RGEAE I OCHE R R, Horh KR T R T R R AR A R G K O3 0 T BER YR, 2 55 208 R A I B ) 28
TR TE A KRG S R AL B O A E AR . 0K AR B K A8 2R RK
T A — AN EE B RS Oy, 5 RO A S R G R AR A ELR WA ) 5 2R, i O T AR S R G K S R A
AR WP R R R S K 9 5 AR SR B A FTPLBE, X T s AR S R G As e
HoK & et R A B B 2008 3, B B T B0 e e o R AR A R e i

A RG-S S HOK AN EAE R — 2 S R, AR AR T RS A, R
N R R R AR AR K A U S T T KPR L K S A R
W TRV B A T B AR A A B T A A, X B AR I O AR KRR A7 R REVE 1 31
AL A B RGIIRE ™ A B . A SCHIE RS E AP A WAL b 2858 1 T 52 T 5 XCRE
HBAEAN R S 1T K o3 B VR HTRLERL , LK e i AN [ RUE 6T = K o (4 e 167 45 38 S AL ], 2 T R A 2
ARG K IY KRBT AR O I, IF B X U A2 25 AR GE e B A5 FA S IR, iy 1 s
X TR o R A 35 R GE R R SR

1 EMAERREN T EKSHFMm

LA AL 7K o FH AT REAR R e 3K 73 7 5 SR IX AR O S 7K 7 B9 52 T — LR A 5T A 34
Mo XPT RIS RGE, WL (A A BB T, S Y BEBRZE Y | PR S AR A TR, e AN [
HFAERR GRS R KA ) e ARG RS T v FE R X R K S S, 4 SRR TR 1 K R
FrIIREN ., MWL T 5 K Z B A S BUARSE G A o BEBRODRA Jop 2 5 5 e i DL ) 5 0
KA, R BB, — 4 A RO BEUR 22 AR AR A BES LA KRR B 14 SRR TE AR AL L A2 AT 2 I
5 ek S I B AT P SO, 5 - MK A KPR 5 ) b B Y A A ) S B AR A
T NS LR R i DR M R A/ it X8 L DA TR J= T P MR AR | R KR R AT ISR AR
HOBEHOREFE A RGART YR A B BEHOR RS R GEAR I VL, W AT HRA 5 il B R e il 4K 5 2K
Pueyo %5 BFSE T PGHEA 2 T B RO AR 25 [ 534 ALRES RIX K F NS RE T AR AL S ), 45 SRR b B

http ; //www.ecologica.cn



11 A AF TR TRRHAS RGNS S HOK D CRITT R 3

e R AE KB RE ) A i SR AR AR ] 2 A OCOC R

AR A AR G AR SRR Ak R i AR ot - K o B SRR e, HE R AR TR R Z AR AN
Il 2 £ HOK R R SE S o6 R, TR 5 800 2 M i — A E R R X557 P N Sy
e JL e S MY e J ) IS SR B SRR R R A IR LA S AR K e B A 7 A0 IR AT BT R AT, TT LAAE
Sho ey e R TR LR B AR AR SRR BOR R) , R AR BRI K A R SR AN [, 2R 4l e 4 bk
X BB SE R W, R A AT ) D) 2 ARG AR X 78 FE 1 3K o3 R RAE Wi HOAR SCPEEOKR ; B I 9] 80K
3 WUl AR FH IR 43 TR BE SV R, AR 0T PR o Pk B VR S TR . UHCR B B R i A
FER T 2 AR OB AL T 385 T /K o3 A5 A 035 1T A A ) Al el R 5 T 7 o BE TBCUI 0
TECHD A SRR RE )T BRI & TR RAL

IR IR A | I RAE OO K St R 5 ) 5 7K Sk 7 XA R i () B AR S e 2 R R 1Y)
T EAMUR B TR R AB R BTE ANGSE 2 SRR R SGE R LA S K SO B, s e T AR )
AIZR G R FAR L R AS-AE  - T I B AR A AR A A FE . AN IR] S e 13K 43 i) BB R R AN

FEAE -, B e )2 AT S N ES AR AR S i 6 el 2R K i MG 2 2 B BT S UG S — ke s e %
P ATC , DTS2 M 3 TR X - S3EK A AR 4 o A DQ R ]l 5 = 46 B AR A MR A AR 5% 2 4 v o T R 43 A
YIRS e R A5 AR YA YA . Domingo S5 HFSY T =R XA LML B 0 A T K BA R AE L 5
TEARAH LY, B b B el R 155 T RRU B et v, 20005 T R R el 2 K 3R AT 3 T B SR Fh T 2 b o 57 25 ]
YRR, RIFFEAE Y WRE I I A R0 FRR] B AR R K AN T 7R e B A
KA MCREE B BIFE 28 PR AZE RS RK RE ) S T AR doR i gE K ZER I ARSI TR bR 1 K AR
b AR E A R NER . Wang A5 HE— 2B AT TR oRLRE B SR A E B ORS BRHE S R
IKBETTHI G .

T - AR TR 09 R 53 7K S i ah A 2R WS - S35 B Y | T s DA i A 58 14 7 = ) 8 g
A Volpe %5 A AR RULE T MY R G0 + K 4 F43 B AR W U, AR 2R 7K 1 743 T A
(Hydraulic Redistribution ) % 4= 25 2 Gt 7K 12 Y- 1% 52 M 12 197 52 21 & 0, — 00T o0 AR 28 WK i i el /2 25 J# 30
N K SR THE AT S A K A MEAEFE Y . Burgess 25" FHMR R R WL L I 5T T 2580 AN AR Xof £ 397K
SO RE N, AR RIS 3R FLBR A TR SRR LR E R e — A R R [RIA R
HAR ZR AL 2R A W 4 B S U B K AL 23 A R IR OK P . Mao Y IR R R K
PERSZI R THE BT R, 3B R M S R AR L IS 3 e K i e R AR, JF A B IR R G2k
[ e

e - AR K T AR A RE I RS M 28 R K i, WESE RIS Al R T RE S e 2 RRE B
A BN TG IS R] | A3 K R 7 A SR 28 WK TR FE 1 52 e | AR pAGy 5 Jol— 4 A ROASAE ) R R AS i ) 2% THD
RS S AR 25 51 2RI VEIVE N — R A B AR 21 2 W R 28 i e 540 A0 <AL
PERTE TS, WFFE T T2 T 5 DX ZE R X TR 90K A e 25 A T 2Bl DA R 380K 3l g 2 FEIFEK
DAB A S R G AR A R Z R ML A S X, FEREH R iR 5 £ KA C R IMAF ST I, sk A 450
FERMWITEAR 2 L AL, 5 A 0 o T2 AN B 15% Wi BE R JURR 1L, 1 35 55 BE 95% (1) B fa) o J5 Z5 # i  0—
20em +JZ HHEE KR AR REE . Baldocehi 450 Kure %57 HFFE T 2 52 Hi X 65 1y 1V A b 26 Ui
AR Ak, 235 SR 3 W AR A0 2 1 Bt 0 1K 430/ D k2L e bt T PAG o vm TRE R b R R ORI H 28 e 5 &
J2 KR W AEOC T 5 IR 2 TS KRR R 3 A |2 RT3 Bk A 2%

SRR AR B K B REM | K 7 B W 9 245 A8k, — Bl 730 A8 THARIY] RS I AR 3] AR X
T ARSI, () I 32 57 4t 2 (R B2 L, b 37K 3 7K K- AN BT 1] b X2 B ) ) 2 ) 2 S | 7 2

http ; //www.ecologica.cn



4 A E = 36 &

T3 1w L, 2R JZ IR IR B AR AT — R MR, TR ST e 7K AR MR I A58 BB K R M ) 52 e e T 5 R E
AL AR RO B R RS RGERUE AR R EWFFER RN T AR TR] AR ROEE O =) 3 251> AR B
A AR AR AR R [N ads R SR AT AR ) 11 22 5 LU R o FOBE A B4 1B AS [R) 0 o ) 5 4 S EL MM I
TV LRSS S 2 18] 73 A i Jey A AL 5 T A 285 AR G0 RUBE WU B - K o X 2y R A L DI RE RS R
21 MR

TEAR R b BF5E 32 2 AP e R K XA K Z8 0 DG 55 28 B R A2, 138K 73 XA )
MRR R FRER T A AR BRIt R ARFIZE) FA= P B, LA K 2 XA
PRI A FIRBCR M L, 3K G 3R 785 R AR P TR T R4 ARG LR, REEEDY Fay
I IR T AN I K A3 X A A, A AR B R A e SR A RF S AR A A R A
S KO B N HOR T I, BRI SR AE R A A EUICR Y T LU R A B A
FERE SRR LA B L 38K 40 A6 0 A S i AR 2R WA 3K 43, SR 5 K G ad it i AL T RS
ZME KT IE B AR - R AR GOK L e, AR R WK A T 2815 R K AR R, AL i/
P, SRRy rb AR AN SR A AR A AT L g 5 A RO L A3 Iz 7 [ P aed J3E 2 S el (R 3 9 B3R5, 7 T 5
1, LHOK S AR EOR I PeE R Y i R R DG A RN i AR B B SR A
R AR R T A R R AR 5 TSR I 5K it St AR LI TR i R A ik
JEREPIAR RO 73 KK oy MAE IR [ S O G B P 2 B K SRR AR AR A KRR e, 1 K
L 22 bl Z FEAR , B R R M 2 B 3 S AR AR A TR B R I 28 R G i R B B 35 K 2
FAEAE AR R A K > FE TR ) BT, 52 R HOK S RS 5 e A AR R AR ) R
A 55 IO 14 e S KA T AR S SG AR K a3 5 BRSO 2R 1) SRR R AR R MRS, M HE
K EKIGAFAERMEAE ST 78 AR B A AR TR R  BE  3 3% 7K o5k 249 J2 53 o JH 240 AR 3 14317 1) O B
P

TR R A A (A R T IR 2L PR A, 28 B 1 O A REOE &F FH  R i R MAK o B i 7
MK GRS R A SRR F R 2R A WY T 0TS DL R A 5
AT SR A6 R B A R, T A B TP AE DL R B ) B AL 65 A 7 RE D, AT AT AE
BOR A 7 R R R, Xu S5 TRIESE T PN S vl B AR AR I 5 1  REAS AR O A M R X 4K o b
I 17, 445 SRR WG A A B HON 13K S A7 6 1 B O 6, P R[], Wi B R T K BB 260 4 i
FICE A T R VR RTRIK O3 08 A5 A BRSO A 38K 23 i e o KL, N7 65 4 TS 0 - 0
IR ARNETAE T 1935 K MIRIECR (WUE) AR SO S VR T AR 7= (9 T4 5 28 BV E DT IR AR I 7K 73 =2
o, B T RO A R AR S ARK R Z M S A, LA SR IE AN 2 S BE ST . A RPN, dn
AFFEYIEE R (C3,C4 . CAM) KT FIHBCE A,

22 BEERE
TEREVE N | W9 R B EREIS S50 KR R0 BRI AR E M, e TREA S RE N

S5t IR SHUAA EEE L, 7B TR TR, 1K 5 R o AR Jm & PR AR R DG 2 e
FPLHRAET T AR IO A B OISR BRI 2R T A R AR MR B BN 7, BEAE LK
SRR, SRR SR R A A A R I TR R RIS R T B L R Sk T R X R AR B A
AR R R S K S TEANSC Rl S AR R P o R R A S K B T i 4
I A DI RERE 52 LK I BIRENR , RN ARASRR R EAE 3 5 K i BB g i, WA AR s, R
Gr TR RIXHIB AR S A AN TR ST 3K 3 A AR 25 5 W . Moeslund 512 4387 1 i 38 8 15 H500E R
U 258 > F AR B IR 2 REPE RN | 245 R R TP XA ) 22 AR P A2 Wi 35 R e A2 B P A R
AR R AR 25 1804 SRy L B 20 A B8 S B 1 4% Wb 22 18] B9 52 B A ZE eI S M D RE DR 50 v T AR B2 A 3tz
X A5 IR T A I g R R R B AR AR B A e R (R AR /N RURE SR R R K )

http ; //www.ecologica.cn



11 A AF TR TRRHAS RGNS S HOK D CRITT R 5

FRAIE , 25 SRR AR BEHOY B B85 ARE B B, B AN [R] B 7 G 2R, A A T - 498K 3 mn 1 7i S ol 2 FC
K& Jry I A 8 A8 () P LA

K 3 B B A 5 W R R R K A3 R A A 0 AR AN (] 0% A 28603 1 P G 1] 7K 43 2 = 5
FilE K 4354 . Young 26 08T T ARFEYI B K 7254 ( Centaurea solstitialis ) F1 2 Ff ZA4F A REA KPR 2R 50 A
3K > Z [ ) 56 2, EIR AR (AERE K i 594mm) B K R4 MR R o0 A 5 — AR A R AR, AR R A0 A 72 7
JZ MAE T 524 (AERE7K i 242mm) W5 TR R 2404 AL, 352Kk 2 38 0 R A 28 R e i 52 i) 2 2 A K7
WEARKY, H EEET 11K 45>, Ferrante SIS TRIE Y T BT RS AR L S A JE ( Patagonia) B #2152 5 R
FEYIK S FIFH AN, SRAF L /INEAR PR R BEREURTL, e A4 . AT T2k T R R AE R RS IETE
RAREAR ARG T %38 B, —BIA A e i ve 4 56 R & AR B RA, Kidron 7 #F5T T 92
[l 43 BL BLYD IR ( Chihuahuan Desert) BERLZE 5 5 K4 Z B OCR 45 R R HE R S5 6 DL RHER T 1y + 3¢
TR X5 Y A T AT Z B AR SE F AR IS EE R RN BRI OC R R, RIES K S
AN TRV ] %) 5 R D 0 B 5 b 28 /0 ) i DR AT R 2 2= R K A R S Y,
23 ABRGNE

FEABRGRE b, 3K A28 kAR B 4 A 45 28 G5 00 25 40 A RE b T S i 21 25 R S IR 45 e, R
P [T AR R R G RRE R AE B R G R TR e br E LA/ ALY ZHEVE I E T T (NPP) AR RFEHR
RZZ e (NEE) | 3Py 25 Hod ew) Az 7= 11 (NPP) J2& 5 A 25 R G0 RE & A I s A9 6 Al 6k T v 3T
flhi s E B RGN A EE S L, T HIKIA R B A P 17K I R ) Z A A A 7 ) 6 &
FEAE R E R Ok UL, T R T R B IR R, RHGR L, RN TR MBS,
A7 T B AR I A 7 I A, AR 2 e /D, ol AR Ak, YAl B R b A 7 ) S R SR 18
BiA, R FFE R T —Fh ek - K R A T 2R AR A S AR RS K B AR R AR
SE 1, B AR IR A5 . Manusch 551 (] LPJ-GUESS B8 LU 1 5 1 51X 98 ANl #4F
I R IS Y 25 5, B3 ML 0 23 (8] S 1 5 32 MR I 752 e A 385K 8 — e G &R, X il
AEE T 80K 5 T YRh ALk, i 3 A Wit A 4 04 28 Ak, DTS 75 A BILAS 174 W52 AC R i 5 £ & A= AR Ak
BRI ) 5 2R EUE 2R B UM RR A K A A HFE(WUE) | BN AR S RGERE B WUE,,, , 2R
AFRf A B R G 0K - KA R RN EEHEAR, Flanagan 257 R IR A R4 AL R L MR A 6k AT
IR AR 5 ROEE R AR S R G R /K o R AR, 45 SRR WA i i RUBETH33E HE R K o3 R T RCR AR 2
FRY = 2—3 4%, AT BESR TCA 75 TEAR I I ™ AE AR 2 F1 1 38 28 8 7 A K A4 ok

3 EMASRZSTEAGXERERFR

A RN - 8K o AR AR R 2 2 MR e M, — B RG AR 58 b i E ORI S . K225 G
S | A5 DL RORE RN K A S 4 i 7 ALK 53 X A 2 2 i) A DG B AR 1, X6 A HEOK 3 B A AEAS [R] i s U
- AR PDURN T e A S R A K SO AR ST O E LY MK AR Sh A MR 1k 3R A R A T R
BEALPE T o B R 7 VAR A R 3K A3 AR A AR R ff e PR 78, S A 4R A S B AL (K i A A A ) A AL B
PERERY (K AR f A AL ) o a8 ALB A8 LUK i 7 7 B2 FL SPAC R 48 B i, UL A L AL WAVES
LEACHM HYDRUS .RZWQM SWAP 55, FHLPEA A A RFEK AL AE -+ 3 - - R AR ZeME R G AL 1%
%, 38 it B K AL = A AS [ 9 - K S0 A8 SRR I W i S e AN ] e i A S R G A A AN T RE T

FEP K 39 Fo 0 IR AR - R FESAR (SPAC) BIE B T ZLAFIE N, HH T A B 1 7K 43 W WAc iz iy DA
T 75 I 5 HLAR G A 1 A B, QA 3 32 T 52 0 F BB AR, TR RN BRI AL I R 40
AR AR R A 2 REME AR FPE  SPAC FRAE K oA ik — IR A R B 5 M A A s ik e R R
SEE TR T A SRR RIBFZT , AR 1 /K SR R-SMWS | S FL SRR Jarvis . BWB-Leuning-Yin %5, 134 4]
DT WA AR SR R AT AL T T VD HRE S 5L A SPAC /K A S 2 B AR B0 T 4

http ; //www.ecologica.cn



6 S % 36 &

B AL e 2 B - AR IR TR S A SRS R R ZEBIM E XK #E SPAC RGKE
SRR AR S KA A K FE R AR A K SC R DL AR R WK 2R AR AR St R, T
BN 1 R K ST AN BT A B AR A AR B A S B TR S . ALY Xia P
3R SWAP iR SWCCV iR JF47 T 8 4 5 JF B R B 36 & SPAC R Gu/K il Jy £ 36K 5
MR E IV S 2% 38 S8R M 385 8 25 () B R 19k J oy = K o3 B B0 ok T 0 i &R &,
Sanchez 4511 SR K - Bk 45 A S B0 T 52 KRR R 30K b7 TR A, il 25 il i 1 A 8
[ %, SPAC K & H BRI R 1] SVAT 581 & Ji& | % WL A Coup-Model SHAW RHESSYs 45!

FERLY) A AR AL RS ) A AR SR )y T, A 5 K 70 0 R — R AR IS, e & - 28 1 it
TR A A K A e R R B FE TR R AR IS RS, Choler %5 R TR A T ARG 355
B A AR K SO SRR 2 T R I R B AR L AT TR, Manzoni 261 i (AL AL 5
PR T 3K s S S R . Pueyo 251 I F ML W 25 [A)A% = inh 2 S5 i 5 3K 40 =22 1]
B R LT REHIAR B O 25 R4 8L e

#E7 K Ay B AR A K BRI A AR T PR AR AR S R A K A B AR AL A
FIFEF . Sachs FH BRI e S PR st A 4 A KR Y SVAT BARURE & & SR AE S AL AR R A5 3t T
LA K B B e P D T 8 7. ) B ML = S0 K 3 B A 00 U B A = e R A Ry e I P A8 i S 9 6 B 1
Y- R AGE S KA AR R A A A S I PR RL 7 DA Bl AR 2R T 7K AR R A M A e A1
P FTHES 0 K o SR RS MR AR 45 JER A AR s B P XK A Z BR A R T R
DX, F5e KA AR 9 R R 5 /N 7K T30 0 A A - 7K SR B R A s ) o i )

4 SBEEAMEMESRES TEKSXRZHZNT

TEARA AR BF 4T 4 BRI , CO, eI T, KR 2 T 03 308, 1%
SR 4R ST SR B — 505 R K 50 B B 72

SR 2SR TS, — e S W TS0 R B T 56 T 0, T S5 5 ¢, L)
JMSHRETTI (R BRI LMK AM AT R AF MK R SR R ) S LY P22 | WK S B IR
AR SIS RIS 2 FRGEP e RN, (B K S B AR I | S Bk A e s
KBS AT P8 K 5 R 5 ) LM VR U3, A IR A B JE K R A AOK 0 ezt ] 7
LRI 2S8R A5 SR T T 5 9 P 9 SRR 0K 55 0, R RS, B g
TR TR T MR AR, JE5N, CELSALP % , WV IR EE TR A B
AREPMARPER T Brilli 45 B T 0 F USRI A8 R 5 RUE B4 — LA S e RS+ 0K 533)
AL, 5 R TE0 5 K ARV 5 I B ISR B, — UL BRUK e R T O N R,
(S5 4 2 T FLF 0 — B A S B, ) F AT I R T R 5 R SRk
SRR A SRR, AERHO A FRGE MK A MR (LS R AR IR B 141 MRS 5
KA 0L TS LS 0 25 RS T SO FIBL 2 — AR A R ) X5 B A >4
HER AR R IR0 L L T B 21 I 0 55 e 5 UK A RUTI 72, Albent %79 BF 5T
T RIS HOG AR, C N b, SR 36 FVE 9 B LMK S5 26 R0, T A
SHRDLA RS TIEAN RFEIE AL AR L

COHMETFR I SR AL TENRIN 5 1 MK A S 10 93— A Ty T, 38 e BUAE e R e A
e PP, AL SIS, SHOK AR KBRS K SRR I, ROV C/N P4 2 KT
TIRIGECE . WA PR VT (03 4 6 TR A 2 BV, DG 272 C3.C4 B CAM) JR
R ORI CO, VT 26 LS 025 K 55 90 1 T LA AR K2 587 Lecain
P T COMIETIRIR €3 C4 BAHIDE AR IR, 25 RAR DY 5 T 0K PR3 CO, e

http ; //www.ecologica.cn



11 A AF TR TRRHAS RGNS S HOK D CRITT R 7

Fh-ve g 157 A ) 1 B2 S 206 A VE R R A FE AR IR, Nelson 2517 R FIFF WA/ EMF58 T CO, W2
FMF AT BRI AR ( shortgrass) MAHOKZEB R, SR T COMUE“%T%K&%’%T% il
ARG T HA e T 7K T8 LR Z K647, A R FIRIR R Y K

5 OBERE

X R R AR SRS, KR — AR ARG, e U LR O K S
ARSI 55 K SO R X RS B B Sh &SR R 23l ok , E AU B TR 1R A B 28R BT AMAE 25
T b A K ST R B SR SCPE T, e e e 1 AR A 7K 20 R RAR B R - - L A A A S A 2
fo UK SR A B R G Z AR AR EAE DGR 2 Rl RS b B e AT, AR SO [R] T
AFPESHT T ARG DHOK M BRI TARRG T —E R, (Bh TASREARSE
Zet , A FIN G AR JLASJ5 T BRI .

(1) AFEPEEFhFIRL Y Dy RE RS 5 K 535 R AIBIFIT

PATE B9 R 22 DA TR] S0P A 35 o BN sl P ol £ B2 25 0 R OK e ST TRAR 2R, B 5 1821
T IEAF AL, A5 ol ) AN [ 1 S, LA KA PR R ] £ 5 4 5 R, O TR - - 3K 0 FH ELAR AL %
Wb ZH B AL 25 (B 5 R A Bh 25 AR M RO BIE AR X B0 iy A AR o B B A Rh 2R . R, A
WEAEZ YRR G I B AR FHRETS T, T A RS R ) D RE RL S 13K 70 0 R BT ST, 57 4 T AR
Yoy RETEIR 5 - IFK 43 2 a] 306 2R,k HH RS2 AT 0T 1 SR 43 1o Py P PR A A 1 0 7 B I AL

(2) AN [ ek 1) s 18] ]ORE_E IR AR T L

W EATR], WIFTEX R MERAFAEAR R 2557 . A2 1] L, AR RORE O i Jay s 2% A A B A 19 B A4
e, [ P 3 T LR SR A T4 AR ] 14 2 S5 PO EAC 5 AR FRUBE 0 o v ) AR [ W o 805 4 S EL R T R o 2L R 45
Hey B 225 6] o3 Ak SR B AR A 5 T AR 25 2R 8 RUBE U M F T 454y i A LA R BB RS2, R SR VR T Tt Aotk
MRS AN R P AR ARODRAS: , b i 5 AP R] SC 27 RV W A2 B, ' 28 24 25 AR G R 12t i 3h AV BRODR B ) 22 1
MARIKA BT PRI K- A0 A 25 R GEKF- O T S A [ 5 ROBE 2 [ A6 2R, A S AR ] i ]
S [A] RUBE b ORI LU #L

(3) MR PRI A 25 28 8 KB RE AR A MR L b SR - UK A R R B

AT K o3 Bh AR KRR S AT T B AR S R G S R ORI EAE AL B A o
AIVERT R AL A R SVAT BERURR5 e Ji A 2 i DU PR TR BT T ol B9 B RT3 o R [R] B I 228 RUBE
RN 37K 53 32 B B0 IS AS [ 17 s> BRI A 285 2R 8 RUBE B M AB ) A A AR g I 9 M L 5 A -
PR AR LRI ARG, ASE B AR RAE B B AN A S AL O TIN5 4 A 8400 1 ek 2 284K

(4) AR T A S RG-S R HOK BRI SE AR

SRS R B T T 5 X B AR A BRI AE TG AXER, T A A P e 22 i 2K B T M) A
i PO ASRE  RE JR f DhiX — (DR Y S, AR A 5 R IR /KR 3K 7 B, T 582 e S5 A A AR 5
AR, AnTAvE YU o ik IR IR | LA SR 55 AR AT RS TR A R T 1) DA 4 A
KA Z IR R X, SR o AR A s SRR F A5G & | IR RO SE 1 2 4R vh /e U A A x
JK 53 BABL R BT THT B R L T S5 T AU AS AR AL S 3K 23 ARG G R BT ST 800 Wi Z A AR ]
KA I Z 58

22 3L HR ( References)

] TOEE, EROX, THRRE. FiHAS RGK-BAR G 5 B TS, HERELFEE , 2004, 19(5) : 831-839.
(2] Z/MAE. T5HbIX Rk SO R 538 R L. R . BbERRLE, 2011, 41(12) ¢ 1721-1730.
]

]

[3] XIEM, $ME. KIERMA I LIRS ARGUK BRI O TE Bt . KPH=dEE , 1999, 10(3) : 251-259.
[4] Hifide, 2N, FHITRT, TIN5, BRI AR A R K IR B LT TS . FARBEIR =41, 2012, 27(10) ; 1708-1719.

http ; //www.ecologica.cn



8 G 36 &

[5] J7&ig, BUETE, W07, BEF. W4 s R XOE b DT 2 BOK MR A= 254l, 2008, 28(3) ; 1045-1051.

[ 6] M, kV, 5¥, T, &% BOE A2 A0 T 3OKAMEIFRE BT, v+, 2003, 25(6) : 653-659.

[ 7] A BRSO ST 1R SEBMAS. iR, 2014, 69(8) : 1052-1059.

[ 8] Ashjornsen H, Goldsmith G R, Alvarado-Barrientos M S, Rebel K, Van Osch F P, Rietkerk M, Chen J Q, Gotsch S, Tobén C, Geissert D R,
Gomez-Tagle A, Vache K, Dawson T E. Ecohydrological advances and applications in plant-water relations research: a review. Journal of Plant
Ecology, 2011, 4(1/2) ; 3-22.

[ 9] ifgde, 2D, BEAE. WS AR FUNER XY LS K S B0 BORAF T2 mT. AEZ52440, 2014, 34(9) : 2256-2265.

[10] Pueyo Y, Moret-Fernandez D, Saiz H, Bueno C G, Alados C L. Relationships between plant spatial patterns, water infiltration capacity, and plant
community composition in semi-arid Mediterranean ecosystems along stress gradients. Ecosystems, 2013, 16(3) ; 452-466.

[11] Alados C L, ElAich A, Papanastasis V P, Ozbekd H, Navarro T, Freitas H, Vrahnakis M, Larrosi D, Cabezudo B. Change in plant spatial
patterns and diversity along the successional gradient of Mediterranean grazing ecosystems. Ecological Modelling, 2004, 180(4) ; 523-535.

[12] X035, SRR EUHE AN R 2R BB I BE VA 28 W 5 CO, ISR FGE [ D] PRRIIE . N5 K2, 2004.

[13] 244y, Ml TR, TP, b ol DORTF AR A it 5 L ORI FRFE AT, b EOK R AR, 2014, 12(1) : 33-37.

[14] Domingo F, Sanchez G, Moro M J, Brenner A J, Puigdefabregas J. Measurement and modelling of rainfall interception by three semi-arid canopies.
Agricultural and Forest Meteorology, 1998, 91(3/4) ; 275-292.

[15] AIF5E, BT, ARPURE, ER. YR oo o S8R ) MO 2 MR B A R R, A= 854l, 2011, 31(19) : 5771-5779.

[16] Wohlfahrt G, Bianchi K, Cernusca A. Leaf and stem maximum water storage capacily of herbaceous plants in a mountain meadow. Journal of
Hydrology, 2006, 319(1/4) : 383-390.

[17] Wang H X, Shi H, Li Y Y, Wang Y H. The effects of leaf roughness, surface free energy and work of adhesion on leaf water drop adhesion. PLoS
One, 2014, 9(9) : e107062.

[18] Zfdt. b F AR R A KSR MoK ZEMFD]. dbat. dbaipkl K5, 2011.

[19] Volpe V, Marani M, Albertson J D, Katul G. Root controls on water redistribution and carbon uptake in the soil - plant system under current and
future climate. Advances in Water Resources, 2013, 60. 110-120.

[20] Javaux M, Schroder T, Vanderborght J, Vereecken H. Use of a three-dimensional detailed modeling approach for predicting root water uptake.
Vadose Zone Journal, 2008, 7(3) : 1079-1088.

[21] Burgess S S O, Bleby T M. Redistribution of soil water by lateral roots mediated by stem tissues. Journal of Experimental Botany, 2006, 57(12) :
3283-3291.

[22] W&, Bk, o, 2sh, skak, B, BP0 L 5 -+ 3 AL B Y s FOR SRR IERT 5. K L ORHF254 4R, 2014, 28(2) :
292-296.

[23] Mao J F, Nierop K G J, Damsté J S S, Dekker S C. Roots induce stronger soil water repellency than leaf waxes. Geoderma, 2014, 232-234.
328-340.

[24] Chau H W, Biswas A, Vujanovic V, Si B C. Relationship between the severity, persistence of soil water repellency and the critical soil water
content in water repellent soils. Geoderma, 2014, 221-222. 113-120.

[25] Baldocchi D D, Xu L K, Kiang N. How plant functional-type, weather, seasonal drought, and soil physical properties alter water and energy fluxes
of an oak - grass savanna and an annual grassland. Agricultural and Forest Meteorology, 2004 123(1/2) . 13-39.

[26] GRiA, AEWE, &H4, &S ASE AU R e ZE SR A 9T . R RL A, 2008, 36(20) : 8403-8405, 8435-8435.

[27] Kure S A, Small E E. Dynamics of evapolranspiration in semiarid grassland and shrubland ecosystems during the summer monsoon season, central
New Mexico. Water Resources Research, 2004, 40(9) . W09305.

(28] ORHE, SKIEmN, S6FF, A, A AR LS K R R AR i SR R A2, S0P AR 2013, 30(9) : 1338-1343.

[29] Fay P A, Schultz M J. Germination, survival, and growth of grass and forb seedlings: effects of soil moisture variability. Acta Oecologica, 2009, 35
(5): 679-684.

[30]  Tmetle, B, %y, BKHE, B . F RS AL E S AL RRE SO & R M0 AN ) L3R 2 iy 7. A= 2524, 2014, 34(21)
6067-6075.

[31] ZERi, &R, B, 82, BT ilE (Anemisia ordosica) ZE TSI BB HI K 7. A=A A4E, 2014, 33(1): 112-118.

[32] ksl fidfd, £EZ. MRk SRR MA SRR URE. YRS, 2007, 31(1) : 150-165.

[33] XX, HEW, Z5KB, £ B, &HE0. V5850 v =548 55 T R R 8 09 K 40 2 B A SRR, A A 2R, 2004, 24(7) .
1465-1471.

[34] February E C, Higgins S I. The distribution of tree and grass roots in savannas in relation to soil nitrogen and water. South African Journal of

Botany, 2010, 76(3) : 517-523.

http ; //www.ecologica.cn



113 ARE AT RAE T REWAS ARG LHOK S KRV R 9

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55
[56
[57
[58
[59

[60]

[61]
[62]

[63]

[64]

[65]

HifF, ZEROF, RIAT, whiE, FEIRLL. BORUHARIK R R H 0 S 1K R, TR FR 535, 2008, 22
(2): 157-163.

Fozdg, BRI, B RO RO B B A B AR T B0 AR AE 5 LSRR A DG AR AT, 2006, 26(11) ; 3740-3748.
ZEERRH, W], FRE, REIT. KIXBHRID U 28 A RE SRS E R . P IETMEE, 2012, 32(3) : 744-749.

I, RIER, TRV, FEER, HRE, 2, T MR NURE A BFUR R KBRS R RO a AR AR, 2009, 29
(10) : 5271-5279.

Xu Z Z, Zhou G S. Responses of photosynthetic capacity to soil moisture gradient in perennial rhizome grass and perennial bunchgrass. BMC Plant
Biology, 2011, 11. 21.

SRR, BITE, OGN, B R BT RO A A B S B0 3K G B R e R R A P T A . AR A AR, 2014, 34(10) .
2519-2528.

kR, EAk, B4, AR, M, BB, LEREY. | R mERE TR XCRAR IR A 5 2K R, Bl AR, 2014, 23
(6): 313-319.

Moeslund J E, Arge L, Bgcher P K, Dalgaard T, Ejmes R, Odgaard M V, Svenning J C. Topographically controlled soil moisture drives plant
diversity patterns within grasslands. Biodiversity and Conservation, 2013, 22(10) : 2151-2166.

RAREE, FARIC, AT, ARHT, R, e TR Ak R R R R A3 A R SR K A R . AR RS AR, 2011, 31(22)
6688-6695.

Young S L, Kyser G B, Barney J N, Claassen V P, DiTomaso J M. Spatio-temporal relationship between water depletion and root distribution
patterns of Centaurea Solstitialis and two native perennials. Restoration Ecology, 2010, 18(S2) ; 323-333.

Ferrante D, Oliva G E, Fernandez R J. Soil water dynamics, root systems, and plant responses in a semiarid grassland of Southern Patagonia.
Journal of Arid Environments, 2014, 104; 52-58.

YL, UM, BAE. TREETRXREHEMENTIE IR, B2, 2014, 23(2) : 313-322.

Kidron G J, Gutschick V P. Soil moisture correlates with shrub - grass association in the Chihuahuan Desert. Catena, 2013, 107 71-79.

Pk K, B, AOME, WK, SKENEE, JRARND, IRIFhE, R, B FHURTR A S RGNS DIREMIE IS WA NS YA
524, 2014, 38(2) ; 93-102.

FHI, F LR, 2000, 2, VERET. BOHEYE ) ERSE R LRE. EAEIR, 2014, 34(15) : 4125-4132.

SKFE, IR, EMGRT. T YRR SRS SRR . TR IXAFSE, 2011, 28(2) : 235-241.

Manusch C, Bugmann H, Wolf A. Sensitivity of simulated productivity to soil characteristics and plant water uptake along drought gradients in the
Swiss Alps. Ecological Modelling, 2014, 282 25-34.

Flanagan L B, Farquhar G D. Variation in the carbon and oxygen isotope composition of plant biomass and its relationship to water-use efficiency at
the leaf-and ecosystem-scales in a northern Great Plains grassland. Plant, Cell & Environment, 2014, 37(2) : 425-438.

XS, RSO T UK S A RIS R A - 80 BRI eR BT ST . K Bhef g, 2006, 17(6) : 894-904.

Rodriguez-Tturbe I, Porporato A. Ecohydrology of Water-Controlled Ecosystems: Soil Moisture and Plant Dynamics. Cambridge: Cambridge
University Press, 2004.

Wi, B—i. SHOKD SR IIRT T, MRS HERE , 2015, 34 (3) : 389-400.

P AR AAROK S VA 00 A B SV ALRI ST [ D] b shERERE RS, 2013.

A, XSOE, REOL, HENR. TR XA ROE I K S E LB SIS . T EVPEL, 2000, 20(2) @ 201-206.

AL, BRI, AT RURL. B 4w IR B B T SPAC RGUK TR R HLM2AH, 2011, 42(5) . 73-78.

Xia Y Q, Shao M A. Soil water carrying capacity for vegetation; A hydrologic and biogeochemical process model solution. Ecological Modelling,
2008, 214(2/4) . 112-124.

Sanchez N, Martinez-Fernandez J, Gonzdlez-Piqueras J, Gonzalez-Dugo M P, Baroncini-Turrichia G, Torres E, Calera A, Pérez-Gutiérrez C.
Water balance at plot scale for soil moisture estimation using vegetation parameters. Agricultural and Forest Meteorology, 2012, 166-167; 1-9.
Flerchinger G N, Cooley K R. A ten-year water balance of a mountainous semi-arid watershed. Journal of Hydrology, 2000, 237(1/2) ; 86-99.
Choler P, Sea W, Briggs P, Raupach M, Leuning R. A simple ecohydrological model captures essentials of seasonal leaf dynamics in semi-arid
tropical grasslands. Biogeosciences, 2010, 7(3) : 907-920.

Manzoni S, Vico G, Palmroth S, Porporato A, Katul G. Optimization of stomatal conductance for maximum carbon gain under dynamic soil
moisture. Advances in Water Resources, 2013, 62 90-105.

Pueyo Y, Kefi S, Alados C L, Rietkerk M. Dispersal strategies and spatial organization of vegetation in arid ecosystems. Oikos, 2008, 117(10)
1522-1532.

MRS, M, MRV, UK SGE S PO EAE OISR BURIFR. AKFI2A4, 2010, 41(10) : 1142-1149.

http ; //www.ecologica.cn



10 G 36 &
[66] Rodriguez-Iturbe I. Ecohydrology: A hydrologic perspective of climate-soil-vegetation dynamies. Water Resources Research, 2000, 36(1) : 3-9.
[67] Van Der Tol C, Meesters A G C A, Dolman A J, Waterloo M J. Optimum vegetation characteristics, assimilation, and transpiration during a dry
season: 1. Model description. Water Resources Research, 2008, 44(3) . W03421.

[68] Schymanski S J, Sivapalan M, Roderick M L, Beringer J, Hutley L B. An optimality-based model of the coupled soil moisture and root dynamics.
Hydrology and Earth System Sciences, 2008, 12(3): 913-932.

[69] Caylor K K, Scanlon T M, Rodriguez-Iturbe I. Ecohydrological optimization of pattern and processes in water-limited ecosystems: a trade-off-based
hypothesis. Water Resources Research, 2009, 45(8) . W08407.

[70] kM, A%, XIAERS, WPCR. WRImFREAK FIAR S T 5 B0 AR S RGEROREI. A AR 243R, 2014, 38(9) : 1008-1018.

[71] Tietjen B, Jeltsch F. Semi-arid grazing systems and climate change: a survey of present modelling potential and future needs. Journal of Applied
Ecology, 2007, 44(2) . 425-434.

[72] Brilli F, Hortnagl L, Hammerle A, Haslwanter A, Hansel A, Loreto F, Wohlfahrt G. Leaf and ecosystem response to soil water availability in
mountain grasslands. Agricultural and Forest Meteorology, 2011, 151(12) : 1731-1740.

[73] Albert K R, Kongstad J, Schmidt I K, Ro-Poulsen H, Mikkelsen T N, Michelsen A, Van Der Linden L, Beier C. Temperate heath plant response
to dry conditions depends on growth strategy and less on physiology. Acta Oecologica, 2012, 45 79-87.

[74] B, SRR KA CO, WL TR XA P 55 46 A4 I RS 0 O W5 R JRE . LR B4R, 2006, 21(1) : 68-71.

[75] Lecain D R, Morgan J A, Mosier A R, Nelson J A. Soil and plant water relations determine photosynthetic responses of C; and C, grasses in a semi-
arid ecosystem under elevated CO,. Annals of Botany, 2003, 92(1) . 41-52.

[76] Nelson J A, Morgan J A, LeCain D R, Mosier A R, Milchunas D G, Parton B A. Elevated CO, increases soil moisture and enhances plant water

relations in a long-term field study in semi-arid shortgrass steppe of Colorado. Plant and Soil, 2004, 259(1) : 169-179.

http ; //www.ecologica.cn



