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Abstract: The relationship between groundwater and vegetation is crucial to achieve a harmonious balance be-
tween human and the natural environment. Groundwater-dependent vegetation (GDV) is extensively distributed
in the arid and semi-arid regions of Northwest China. In certain areas, the decline in water table levels due to hu-
man activities has fallen below ecological water level thresholds, leading to the degradation of ecological func-
tions and, in some cases, widespread vegetation die-off. Therefore, the sustainable development of the region's
economy and society is under significant threat. A comprehensive review was conducted concerning GDV map-
ping, ecological resilience assessment, groundwater-vegetation co-evolution, and ecological water table.
Through this review, the main challenges and urgent issues that need to be addressed in current research have
been summarized, and future research directions were outlined. The review revealed limited research on GDV
mapping at the watershed scale in Northwest China, highlighting the need for further refinement on the stable
isotope method for ground validation of mapping results. Current studies on resilience focus on surface ecology
and ecological indicators overlook underground indicators, such as groundwater and root distribution, and lack a
comprehensive evaluation based on resistance, recovery, and adaptability. Qualitative assessments of ecological
resilience prevail in current research, falling short of meeting the requirements for effective ecological conserva-
tion and restoration. Challenges in researching the co-evolution of vegetation and groundwater arise from the
difficulty in accurately detecting changes in root systems. Further studies are warranted to develop root detec-
tion methods and three-dimensional models for simulating the co-evolution of roots and water sources. Concern-
ing ecological water tables, the focus remains on static water levels determined by current conditions, with insuf-
ficient consideration of spatial variations in precipitation and lateral groundwater flow as well as plant self-adap-
tation. Additional research is essential to establish dynamic ecological water levels under varying external condi-
tions. This review aims to summarize the progress and future prospects of research on eco-hydrological process-
es of GDV, addressing the weak research areas. By doing so, it aims to provide a robust scientific foundation for
further theoretical research and practical applications on eco-hydrology in NW China.
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vegetation-groundwater interactions
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A ], R R 1B AR 1~2 1 ROK, B
Se 7 X AR AR S HEK i T R A AL m (S R, 2022;
Sh 2R A4, 2023), TEREAL Tl b 1t B AR R
LTI FE 7 K (FRE, 2019; T 424, 2020), 5= I
2 R 5| RS 3 4 M DXt 7S 4T 8 i e v 8 20 mi( 4
AR, 2022; By 2R %, 2023) . BT HEALHB X LR K
R KK F1 B R B YD, I TC I S M R OK T &, i
FLHEA MR K, i i TSR AR S 5 1 KA R B
R BI85 55 3 118 7K R 300 8 2R DX K] 4 S, P b R /KR
XTI FRIR 6.9 J7 km’ (FFar i 45, 2021; 46240 %, 2022) o

PEALHLIX |92 & & R KA H A A 25 R 4, Ak
5 1R OKAEAE S VI U Il 28 A 56 3R, Al /R 22 107 v Ji
B9 37 SR T 38k ( Zhou et al., 2013; 4 BEUE%E, 2013; Yin
et al., 2018; # A Bk 45, 2022) . 07 74 3£ JBE (14 2§l 3 Ja
(76 55, 2013; BR/INEH 2, 2014; X B 5 45, 2016a;
Wang et al., 2022) . A I ik (1 8, 2018) L K3 HL
ATAT AR (7 AR, 2022) %5 . 5 XM T /KA o R A
PO b T K RIS RGBT K5k
A R K PR, FLAG AR A T R P A Y
ABME, AT DR AE Y Z R e A R
TR L TR AL AR BB IR L K BT A R
% ThRE (P [ K 5E, 2020) o FEPE AL X, BT R K A
X R , Hl s P S S A 0 A, T A R K A R
FEAMAAE TR, Al s v R AR 0 A A5 A B,
A ELAG B 1 B 55 N AR S TR (BT R [ 46, 2015)
Ll 4, 38 B R TR I 8504 A AR IS 1R KK A 36 Tt 3 20
AR OR R B R L U — TR A S B L R W R R
Simpson 8 £ 45 34 5 b FH i CRBHIAE, 20215 2548
ANAE, 2022), 7E B LR VDU | B 58 A9 WE A5 R T 3L 3
R KRR SR A O R L RE AR 2RI S5 e (CF
A, 2022; PR AT AR, 2023) .

R IKAIAE RS 7R R K fig i L 45 R X 4 R
TR ER 43 1 S SR o, JE TR E AR Y 5 b T K B R] AL
MR R bR o MR KL T B2 U gR 1k . AT
fit 52 5t (Eamus et al., 2015; X1 #5 45, 2018; F Bl 45,
2018; FARZEAE, 2021), JUH X Hb T K AR5 Y AR B 14 5%
M BE S € 1 o 20 tH2e A\ JU AR, BT P b N i
BOKGEIR AN G BRI R R, 5 20 R oK A7 R, 51
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() b 328 JBAR oG I R RRAE 19 22 4k, AT LAIX 43 b R K AR
A gk B9 4 AR 90 Bl (Eamus et al., 2015; Gou et al.,
2015) o EIETT Ik BA P R AL A BAR AR AL, H
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i R — B o BEE R R i PR e,
TR i B 3 8] 23 BE S FORG B i, i BOTEE
SR TR 3] DX Sl T 7K A S R A B A S T B (Castel-
lazzi et al., 2019; Rampheri et al., 2023b) . 7E FI] F 32 J&%
J7 1 7 MRS kT K A A B B R A T A 2
T DR T8 5, & H i T2 504 45 Landsat &
%1l . MODIS Fi1 Sentinel R, X & T E 46 vl L it
CLANRE 21 A0 B s, A B T 50 4 Wb 5 AT 1) 2R
KR o 7E 5 B B 5 20T, 5 ) 48 B 5 NDVI
(Normalized Difference Vegetation Index)#1 EVI(En-
hanced Vegetation Index) . H: ', NDVI & & % H B 48
A Bz —, & T LUAR G b s i A Ak 0 AR ROIR B
EVI XA 4 A4 508 547, vT DAl /D KRR R AR 2R
/S ESiNEA R

I 32 J5% 2 AR ) DX sl R BE 1% b 7K A g L A
B, B SR HU S MR K A S R R 2R, SRS
ALEATE AR R, I 408 R0 o O R BE S . %
35 0 VE A e b L G A A B RROK L AR ZE UK | b
JEAER M K2R, AR PEM e bn ik RUBHT N A T4
P T R MR K IR AF 52 ] & (Liu et al.,
2022; Pandey et al., 2023; Rampbheri et al., 2023a) . JLH,
W8 B Dy B4 R e g A R B A AR B, R o
ZETEO S bR, H F B AR B 48 B AR I — TR AR B 45 2L
(NDVD) Fl 55 ) AE 8% 48 20 (EVD) o 38 i 155 48 B 45
B bR E 2 | A 225, B8 T R A T R aE
FREE QR A7 — W SR FE, I 408 st PR AR o X 1 5 104 B0UR%
4 (Bajgain et al., 2015) .

VEH F8 bR 09 53 PR AL R 2 THE AN 1Y B B AL
w4y, HETE S50 R J7 A K-means 75 |
A WaB 4 28 e A d K ARLSA A 1172 45 (Pérez Hoyos et al.,
2016) o XF T PEAH8 AR ACE BB 22 , 7T 2R AR 12,
] R ] G 42 96 1k 52 IR 43 17 1545 (Duran-Llacer et
al., 2022; Fildes et al., 2023) . )7 #R 4 4 1T 5 45
153 AL, T B — 48 AR 10 BTk, R S PEAN
TEPR ARG ZR G PR 4 2R, — OB PP 25 1 00 Ik, 38
ik, P& BEFESES ANH.

T8 B ¥, R (Doody et al., 2017) . 7
3E (Miinch et al., 2007) . #7341 X (Liu et al.,, 2021) . EX
I B4V BEZF 5 i X (Martinez-Santos et al., 2021) Fl R
& W ) % F] Ligua F1 Petorca i1 i 48, ( Duran-Llacer et
al., 2022), & [¥ i A 4 JE TN (Howard, 2010) . ##) X]
M (Brown et al., 2011) . 7 5% 5% 17 M (Gou et al., 2015)

25 [ AN M X T T LT3 B v I R K AR R 7
R0, A8 T T H T KA R R 1 25 ) 40 A
RS2, [ PN DX R 9 2R BRI 5 i A /b, A VBT 3
B, B A AR D BULA M X R AH 5T (Xu et
al., 2022; Qiu et al., 2023a, 2023b) . B Ja] i 38k F0 P 591 45
SRR v RN AR X F2 A A A L X, 2
T AL 22.5%(Xu et al., 2022); 176 8 4 & R IX, 385
FEAHASIX 24 1 34.6%, BFFE IR K B MO X A 2002~
2014 4E R % T £ 13.6%(Qiu et al., 2023a, 2023b) .

T AR PRLS R ER LA Z RS, (BTN 25
FEAE— B BN 2 M, 8 T 2 b T 8 e a0 A
IR . Kb TG IE T RS B A (H A B AR
AERT R, B R0 5 A R Tl 67 38 1 | ok #5al +
K bR KRR B A (P F K 5, 2020; Hou et
al., 2021; Zimmerman et al., 2023) , X T & & .fa E [ i
FHAR T DL s U A K AR U5 5 e, %4
ARz W B 3T 7K 5 R 5C R A 5T (Qiu et
al., 2023a, 2023b) . IR F 7E W I A BE K FTHb T K,
L e A R WA N A5 B 3a 7 K 23 I, 3l R AR 2251 K
S & [R]57 2 1Y 43 1% (Ehleringer et al., 1992), [F K 4
PIAR B K 435 ek | R K S 4 R 3 kAT
XF L, BT LUK E A K o R R o BRI 43 B i R
FERE SRR | RE A FIAL B A 2R 4 AT S B Ak B
HATEE T 6 35 605 BRI W T A 12 o

H A3 1 20U R 7 3R 5 O R B 1 7 vk
FEA HRE R otk = on M IR A B
% T2 i TG TR A A Y (TsoSource) . D1 -3 7R & A% 154
(SIAR. MixSIR, MixSIAR ) Fl W 7K ¥ J& 455 78 45 (1]
FAF, 2016b; 5K 4R, 2020) o T X sy vk & PR K
FI B A 22 PN A A 0 5 K TP AT 75%~85% ok F M
7K (Canham et al., 2021), B35 Z VIR )Z H1E/K 5
K V0 BT RR T IR 60% (ZE 5 L 2021), B
L3 Y 5 1l 2 Y v A% 0 25 T T AT 24 30% Ok [ Hh
oK E A, 2022) . B, [FA R g —Fi A
A1 i T 36 1% o
2.1.1 FFma Tt SH

EEPIM RIS RGNS A TR E
RAMIREST, S8 T AR RG0S A 2R W 1Y P IR A2
k. % & (Holling, 1973; Olsson et al., 2015) , 7£ T 5 X
A ok Mo TR FEHHERNE =T, EEREK
Az 58 A5 1y ARSI, 1 SR 38 T AR B A S B 1k
TR o Bl B TSR WTIR A, A S B0 1 D A
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WY, AHEHT T A0 F7 AN BE 4 T B i T B2 aa R 1y AR A
P, 7EA L IX, A 4 6 T S iaE R B Ak 0T, A=
£ % [R (Schwalm et al., 2017; Zhang et al., 2017); IMij #£
T3S X, — B TR AR T RN AR A )
AR, SRR 7 ) (Xu et al, 2019) o P, TEHRAY
FHARHT 7 F8 0 R A R A A 2R S B
VA5 R WY, 75T 030 A v o 2 AR
77 BRI TP A AR, AR AL A o R
By R IA ], A 2738 5 i BR T HR B Z A, IR )
2 S BRATE 4 AR 2590 1 1 B AR A (T H BT AR, 2023)
(K1) o WRE Ttk B M AT T8 Z 5 R AR
A5, [5] B A 5 W AR A X HFR T R HRPTRE S . T R
Jilp 3609 52 B ] 2 A B PR 2 DEAN I B R bR, KR
WK, HW e e, RZWBksR . Br T AERR
S0 B2 AN, A% B KCESMNRIN R B2
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WIEIRAS {M/_L”{J
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(R EHEFH, 2023)
Fig.1 Schematic diagram of resilience characteristics of

vegetation in response to drought stress

P T2 2 P RN T A PR B 25 R, AR T Y
Jop % SR W AN AR R, B HRPT 5B 1 Z [ AL
MR . REMP RN AES R B A H R
(A% P (Isbell et al., 2015), {H 1, A fg 38 06 FRBE AR
A A IR Bl S e, Y P AR AL R i T A7 (B, RS0
R A5, MELIK SR . WFFE R, BUEAK LE &) 1% Ak
X TR B, TxE T S ek A ook, R
M55 B9 K 2 77 (Bennett et al., 2015; Au et al., 2022)
PR, — Bk AT Bk, K 52 s

A T 1) F B A0, b T 7K AR A T8 A e o LA
A ) AR A, I A NG 1 K 4338 I SR W R
BT T o T A Y AR Bl B AT B A AR S
B SR R A = T (D AT AR (9 AR B FEAKOR IR, Bl

KA I ia R B AR L, HoK ke IR T 7E K 5T
IR Z ) A e, e AT L AR 2R K T B A3 T ) - 4
KGO i, R K GEIR R RCR, (R REIE R
(Wang et al., 2023) . HL Ui % FH 7K R TR R 308 IR )2
FHOK R TR)ZE HHOK, (U5 2 S OK TR 2
Fh o [RVEF, W2 A S A O R A K BTk 3R A K AR
(~58%) 2 3 KTV KA (~54%) Fifi - 4F (~55%)
(R FBE4E, 2022) . @HL R ARG B AT LA i A 7
AARAE BRI A FRE T R T R . 2452 BOK 5 i
JEIE, B KRR SRR, AL G, Se A 1R TR
15, DAL S > 78 B 5 A A 7K o 5 Bl (i AR 252, 2022)
)38 2o AR ZR 1 AR R X T SR, PR SRy i KA o 25
M E ARG AR R E R AR, TR iR I
CRIXAHBE S KPR AL 5O BRI KA
IR EE " T A DGR IR .
212 FRMBEEKRSHE T

FH LG B K R M R K T 5, H R KO B AR E
ARV, SRR B T s T M KR R R 4 0 A A R
(Glanville et al., 2023) . JLHEETRIFH T, Hi T K
BN RS RGEYIREN) 8 A —/K IR, AR
FAENYARBOK 7 e R R IE, KRB IRE S5
TOKHERE VIR OG . LAFERF ST W, 3R Kol T el
BHARTIRRET , il A i N KO RS 2~4 m
SR 5 DX B 3 A A DX ), R BR AR IR AL 295 4~T7 m
(i PHPHAE, 2020) o H#b /K A7 3 PR K & /s, #5
AR TR A A o R KA R 1 K, #3220k
WO 8 2 1 7K, AR B A 42 B Y 1R KA R
b /NI, ZE R RR AN, R K R ER Ay B R A BRI+
ek, 3R AR EUk, SR d A A K

R KA B 2802 T R, T LABE AR X - 4
R R N AR . MR KR R R e B
B e H AR R A K TR, Y A KO R K T M R KA T B
BRI, MY REFF SR U T K, 4E R E SR . —
HMR R A KRN T3 R kAL T s Rk, A G
2 AR WUCHE R K, # 52 7K 43 Bk 38 (Sperry et al., 2002;
Miller etal., 2010) , BWFIRE/R, M3 T KA LA 20 mm/d
TREE, B A LIE R AR YN RRE RN
40 mm/d I, A KGR 5 24K A7 T B 58 3 40 mm/d
M, 5 O 90 A4 5E (Naumburg et al., 2005; Wang et al.,
2022; Liu et al., 2023) . i ] 6 N5 st R 0,
BHRID VD M A B AR R A ) S B E K AL 0.5 m T %
£ 2.0 m MK (S HEFESE, 2019)
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FT T4 ) AR 2R BE 6 A e 1)L B 25 P ) R T
IKAEAZAR, (AT AT L6 1T K AR Y A ) P A 7R A7 R
KT 10m BT AAF (8 2) o R, R R 2 0] b 5)
A K A7 AR A Y AR S R XA S K P [ A2 Ak

4% 0> (Fanetal., 2017), A TR R R T HURIZ T,
HIBEE %, R ARMMERE K, 298 . BidE . i
R AR L0 92 S5 o AR 2 X LA fik 1) 4 THT 17 5 %% (1)
Jir sz Je A W

g, [ LS *
‘g};; |
wig; \\d, y Neds ‘ |42 i‘ A
-:;*!‘ ')\\”» ) i /‘:).\"k’ }’:)«*_'J{’
iy iz T

B2 EWRERESARE M T KAIERX R REE (Rohde et al., 2017)

Fig.2 Schematic diagram of the relationship between plant root system and different depths of groundwater

Wit 1 5 XA P A AR sl A AR Y K e, DL K
FE W1 5 7K 43 25 A 0 TR) 28 AR 0F 5T B9 %R A (Naumburg et
al., 2005; Fan et al., 2017 ), A= 2% 7K SCAE I s e R W &
J& 52 3% (Orellana et al., 2012; Yang et al., 2016) , -1
)R A AR 2R R 7K TR 2 ST A R S AR R Y L L, B S
P20 I T AR Y B UL AL S 1Y 3 SR R LR (Maan et
al., 2023), H:# L VOM-ROOT Jy 1t 2 11 & & (Schy-
manski et al., 2008) . I A 2% & LU AR A0 FL R,
TH AT 2 SRR R B A N R K AR Ak, X H R K AR R
THPIAR R WK BRI GE T 1 i, SE3 T AR &R 2R
T K AR (Wang et al., 2018) .
213 FRHTFRAELSKERA

TEVG AL T X, T 7K KA LR 43 H4 23 52 i A ) A=
K, R AR RO EER WK R . X F X
R K RUAE W3 W 1 e AR A R K, dn i R K Y
R BE 0.9% EF I B A0 1Y) AR 4 o 28 LU FE IR K Hh P
UAF (L0555, 2022) o [RIB, Hl ) v 38 sd 41 2 454 35
NF A5 3 N A2 B R R R SR AR AR I X
oyl (ZE RS, 2023), BT AR 75 3T K ERHE 5%
B T A2 3G (TP PR 4%, 2012) . 7EPHJL R IX, i K
IR AT A K e o E B RS2 R 2, i 5 b T K
TR 5 R 22 ) 7 O 3R — L2 AR K S AR e Tl JBE
H 1988 4 LIk & 2R 1A CHh T /K S H A GO R 1Y
W, W 53% MRIFFE I KoK AL SR A AR HOC R
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AR LR K A 75 2K, SCRE e - R Ak sk 1 b S

AL M R KA B AR DX 8], S22 W T 5 DX R K AR R
TR At 5 1) O B b (K BH BH %5, 2020; 72 575 %,
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20 22 80 AEAR LAk, #f i id FAH Y A K AE S
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B2 Ty A R P A A S gtk AR UK SRR,
TR GE T 53 A 1 AN )L 3R s Bk A (BRI RS, 20153
ik BHBHAE, 2020; R 55, 2021), £ Fh 5 ik S
BORH AR IR 10 Horp, Geit s FA S S &
R 7 2 2 A i K A 2K A e R B ) s, X RO
1238 LA A E SR 4, i gk i ST AE B 4 A (ND-
VI B & EVI) 5 575 5 () R K BER A G326 &,
FE R B 3 K AR S KA (5624 04, 2019; 5K 50 45,
2022),

X1 4T K A A KA BE, 5T AE T KRS
AT LA 2 3 %5 DG b XA A K 7 3R AT T 255
VA o i dn, 3k B BH 45 (2020) F) F G0 438 9 7
2 NI TR XA L HEAR TR i £ 13 FpAL
FHEY (L 3), B2 1 BT A PR A 25 1R K7 38
BRI (2021) B A5 6 T VAL IX 21 A 7r
AR UEAR  BAREE 15 AN WA B0 R K AR S KA
{H; EA¥ 4 Q2D M T T2 X N KR
BERTEMN AR IR R, @ B T A B A S DI RE IE & .
WS | AR 5 AR N R A R KR o X T R K
A SRR 5 e DR 22, 1 N TA Ok B T A ) N A AR
SR CINAR R IR EE ), LA B AME S 228 (An -+ 3 it it |
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Fig. 3 Suitable and critical water levels
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EL A AF 5 00 T 1500 1 KA SR 2R A g 1 2 (]
Gy, 8 E 2N A ] A3 A W B A AL . 5 RN TG K
B N 28355 5 B2 AU A B T 5 S, b KOO A A
B 19 23 ] 43 A7 A 52 0 B S P Bl A AR AR AR AE . A
S VG b b DX LAY A R K B TROR, BT AR AR K
MBS AEH, 2016~2021 43 BRI A H SR A9 X F
A9 7E 15 R 18.9% K & 19.6%( TR, 2023) .
VG b b DI A it R K AR B A B O R B
B AR SR e - WY T e o N S RS SRS 1Y D
B 7 25 2 Rk B (g T R A, 2020) o BRI, 7E N
S8R AL R TS K A U A 1 il L, 8 0 78 43

3.1

& & 5% BR 7k fiz (#7 3i FH PR 25, 2020)

for typical groundwater-dependent vegetation

FHA 7 30 (1 32 SRS, BIF 9 i 7K A o5t 28 Al 4 4 33
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I BRI AR o A e A1) A e T 56 E 32
TR 1A 28 o O TR A B AR, (H L BB B b T 5
b T KOG AR B 2% T 1 TR, TR A R R e K
BF23 3 BERAR, RIR 45 th s R 22 S0k e,
FIR 3 Fh DL 407 [ 467 28 VR 5 55 280 6P R ARE ) FH 7K K i
HEAT 43 AT, STAR T35t 3 2 +HEK 1) BTk R 50%, i
MixSIR #1155 25 5 0 99%, W5 & AH 22 5 15 49%(Bar-
beta et al., 2019) . I FH [F] 3 Z AR A X o [ oo Jb g $r e
Hi DX AR PG A R 1 A3 HE A K A3 ke U A3 AT
FEBH, AR AR AR 103 4 R 2% 5 B g (R 4 B 4, 20205
ZRET MG A, 2023) o I HLIRI 28 B L F 55 127 i 3
7 3B 55 T4 B T B, G 72 5 MK o3 Wit 8 o ) 1)
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) 6T b T 7K AR R P A T LBk e S
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32 AEETEIMH
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FHIK SRR T AAERE K . 38K MR /KA Z [l i 47 7%
e AP BC (Canham et al., 20215 2554, 2021) , A K
F 5T b K AR 80 A AR S )M, B g, S A%
KRB AR AL, P 5L K IR JE 1 i+ R e R
ARAGAFAE ; LUK, S AT A B RS 5 T FE  iy  RE, U
FE A0 T 5 B HEPT RN R &2 66 7, HR A Sk, 45 3
AEBEPEZS A0 R, BT AES TR L i
KT S B 438, SR AT RE K R R K 20T AR
A R A A S, SR L A B M
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F B TR L HAE 4,

X T PE R AR 9 52 e DR 3R M LA, [ R Ah A
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SALAT R AR ST ES 7K B IR A5 RO A BE AT T RESY,
{HAE PR 25 5 01 1) 52 e 9 2 2 (O 45, 2023)
R 2R 9 M R L B 45 02 5 X W 35 1o 7K 3 ik 30 1) T
FWE, IR RN AWK S T2 i B EE,
AR K RO T R E T R
%% B (Giehl et al., 2018; Gupta et al., 2020), 5 Wi & i
B 5P TR 55 (Wang et al., 2021, 2022), {H H7E T 5
N7 X R W TP A R 20 AR B 2 . B IR EIAR R RS
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HIAFSE o
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HFE bR, B ETRER o K5 I T I sk 2 T A%
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X IE R R A . CA RS R, AR T K A
AR T AR TR 564 T R R, g
AT 20 4F 1 R K IF R, 32 BN A AR JE S R SC i Tif
A5 DX T 7K TR A A DA T KOS Y A Ay [ K
A5 L (Pritchett et al., 2012) .

i DL o B 2 B, B0 A AT 22 1 b
FARIRIN Z0E 7 T H8 b5, BB TR R )
FE N ) =7 H LA P . RIS, B AT 5T LA E
PEVFAN A 3, 8 SR TSR 02 Y HiT A e SR, 3L
5 T AN A, 5 SOG4 A 20 M AR A RN AL A 1Y)
INR AN 7 (Matos et al., 2020; Liang et al., 2021) . XF T
H R KRR Y A 28 R G, A MARBT ) SRR T L b
5T PR A A A, s AT AR A R R R
A
33 HE#HESKSMETL

AT, A ER R XK IR AETE 7 G 58 (Wang et al.,
2018), Jaj FB b X b R /K FF R AN 3L, B R KA R
T T B (Jasechko et al., 2024; Kuang et al., 2024), {H+
5 DX T AR AR AR AR K S AL AS WA, BR
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TC M PE AL T —FpaT 68 . L AE 20 4D 80 4E AR, 4
b IR wE N F £ AR & W T (Doolittle et al.,
1991), (HIR SIS AN S . 2t it JLHER LR, ik
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7 1 B T K R B9 4 (Fan et al., 2022) . H i 19 0F
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KM, MRA YRR . TOIR e 1EE Yk Wiy
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flow(Harbaugh et al.,2000) #1745 A, 5 A5 40000 I #¢
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SR AR B b K AR AR . ROk TEAR Y
R Z 0 A HE K Bh 25 i 17 () S A L, 36 R AR K b
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BT RE B AR A S . P AL M X 2 2 R RS
I fa1 25 K520, Bk B S 3 1 Jmy b 1 (fedio) 45
2022) . i, S EEE N 3 ARG 2T
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