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Ecohydrological effects and sustainability of the Grain for Green Project on the Chinese
Loess Plateau
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Abstract: Background, aim, and scope The Grain for Green Project (GGP) has been initiated on the Loess Plateau
for over 20 years, which has caused enormous changes in the regional eco-environment. Negative impacts of
excessive vegetation restoration have emerged, such as soil water deficit and regional water resources shortage. The
environmental effects of GGP in the next few decades have not been fully assessed. Therefore, the sustainability
of large-scale vegetation restoration on the Loess Plateau is uncertain. This paper aims to articulate possible
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environmental trade-offs of GGP if it is continuously implemented in the next 50 to 100 years. The results of this
paper can provide knowledge reference for scientific decision-making and proper implementation of high-intensive
vegetation rehabilitation on the Loess Plateau. Materials and methods To tackle the questions as mentioned
above, this paper reviewed the ecological, hydrological, pedological, and climatic effects of large-scale vegetation
restoration on the Loess Plateau during the past 20 years. Then, we synthesized the results obtained from the paired
catchments (tree-planting catchment vs. grass-revegetating catchment) in the Nanxiaohegou watershed of Qingyang
City, Gansu Province. Environmental feedback as well as the positive and negative effects of long-term vegetation
restoration were comprehensively evaluated. Finally, sustainability and consequence of converting farmland to
forests in headwater catchments on the Loess Plateau were discussed. Results (1) Over the past 20 years, vegetation
coverage on the Loess Plateau doubled, soil water deficit intensified, surface runoff and river discharge decreased,
river sediment load reduced, and vegetation restoration showed positive feedback to regional rainfall increase.
(2) After long-term returning farmland to forest, vegetation coverage of the tree-planting catchments was
significantly higher than that of the catchments under grass revegetation. Two vegetation restoration measures
resulted in varied ecohydrological processes of the paired catchments. Compared with the natural grassland
catchment, the water yield capacity of the afforested catchment decreased by 90% after 70 years of plantation
restoration, and the mechanisms of runoff generation also changed. The tree-planting catchment produced limited
sediment output, and the water resource was highly consumed. At the scale of small watersheds, topographic factors
and afforestation contributed equally to land surface energy balance. Discussion Sustainability of the conversion
of farmland to forests on the Loess Plateau depends on the balance between maintaining reasonable runoff and
sediment output, i.e., how to maintain the sediment transport of the Yellow River sustainably. The level of sediment
transport of the Yellow River determines the intensity and duration of GGP. According to the preliminary results of
the paired catchments, 70 years of afforestation resulted in almost no runoff and sediment output in the headwater
catchment. From the point of view of system science, this situation has no problem to maintain the balance and
stability of small catchments, but it is challenging to keep the material balance of large systems, such as the balance
of water and sediment of the Yellow River. Existing research showed that the Yellow River Delta would face severe
shrinkage and transgression due to the dramatic decrease in sediment transport of the Yellow River. Therefore, soil
and water conservation on the Loess Plateau needs to be coordinated from small watershed management to whole
watershed management to maintain the sustainability of environmental protection on the Loess Plateau and the
overall health and high-quality development of the Yellow River Basin. Conclusions After 20 years of intensive
vegetation restoration, ecology, hydrology, soil erosion, and climate of the Loess Plateau underwent dramatic
changes, and the regional eco-environment change showed trade-off consequences. The most significant trade-
off is trading water for green and sediment reduction. Our 10-year research through paired catchments observation
indicated that the streamflow and sediment load will continuously decrease if maintaining the method of high-
density tree plantation for 50 to 100 years in the future. Given the achievements and challenges of the GGP on the
Loess Plateau, the problem should be viewed from the perspective of two stages. The first stage is 2000—2020,
and the goals are increasing vegetation coverage, controlling soil erosion, and reducing sediment. The second
stage is for the next few decades, and the goals are maintaining vegetation coverage, reducing vegetation density,
increasing river water, controlling erosion in critical areas, and improving economic and social development.
Recommendations and perspectives Currently, the goals of the first stage of GGP on the Loess Plateau have
been achieved, and the focus of work now is to carry out planning and research for the goals of the second stage,
promote the coordination of the human-environment relationship on the Loess Plateau, and serve the ecological
protection and high-quality development of the Yellow River Basin.

Key words: vegetation restoration; ecological effect; hydrological effect; soil erosional effect; climatic effect;
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WAEEVRA AL, REKRTIL, BEHEE
Wy, JRHERA L, SRR VA E R M, R
T [ A VR B AL T3 ALy X A AR S
B KHILIR, B4 m ) — EUR E R A AR A
TRELAE S X, N CBBE AR ERAES TS
RE] =X 2EREEAESREET S
SERKTERLY, &LmER0 S (BRE
SR ZE A AR, 2020-06-03 ) o 1 AT
AR O W R oT 2 —, ¥ S RIRSZ AR
WEEm, WAL, HURWIER N E, =z
A G B - H A 7 SR TR ik i o 1
T, (AR S SR ARSI R ST . A AR E A
Ky XSGR AN NS S BRI (22
TEAEE, 19905 KB, 1998; FPIEHL, 2017;
PHIEAE, 2020) o AR AN RALRTE RO DLk,
SRy PR BT A T, R v R e R A
DI TAE, ST —RIVES K LR R
T (ERLERERFZE, 2010-12-30) . JoHE
1999 4 Ji7 8h S it Y 18 Bk M 7 TRE, U T Y
A AR, W R R Y TR A
KR RS, A e b RiEm > (X E
45 2017; Fuetal, 2017; 8HEZE%, 2020) .

MR, X R A R R R R A B Pk B B
FEA AR L KIS, RATARESN TR T R
WO, BUS T2l FEARIAI (Sun et al,
2006; Fu et al, 2011; Wang et al, 2011a; Li
et al, 2012; Fengetal, 2013; Zhao et al, 2013;
Gao et al, 2018a; Zhang et al, 2021 ) . #Rifj, #
i Tk AR R R A R A B AR % A
P (Wang et al, 2011b; HF B 42 5%, 2015; HF B
4 20165 Jiaetal, 2017a) , JUHIE/K AR
ANFHFLEME R+ 3 012 (Feng et al, 2016) .
IR BRI ML B TR S 2 A 20 R4, AR B
WE M, R, (HAES RSN 5
e EL (Fuetal, 2017) , X 5 2A N
R AR E AR (48], 2019) o K
fERA, BIIARR 50—100 a, B 1 5 5B HE
MR B TR A PR N 5 AT et el H
Bz mTREPE R F o AR, YT, R R
RS 3 A —A 19 s PRS0, i I v i B2 1Y)
PR SEIR T PR BB 2k 0 5% A8, (B 1 i Al
B AL B R4, IFAT . iEJL
AR, BUMERITAIZEAR A TH e m IR
a7 WA R HAR (KA, 2021-09-08) , {H

o AR R CIReR”
Wik,

BEXF BRI, A8 SCXFAEH A PR FH R /N )
KWBBHHEM (50 ) Rk s (FEEE ) /M
SRR HEAT 10 a RO TS R HEA T 45 70T
PRI B AR R AR B A 15 5 B /N 26
S5 RO RIE SO0, A BERE B g JRUR BF b Ak
i AR R 2 STt AR I — 2B O, fe kBt
15 JEURE B S BOR IR 22 M 5835 o X A%/ M
Sl o7 WL AT, AL T AR RN M M SR AH B,
1954 AFIHIR SR A M ANL ., AT 70 a,
WFFEAE RAE B - R B ik AR ad e TR Ry 5
Jiti 50— 100 a ATHE L YRRV R AL HUN 2%

1

B A 1 SRR BRI MG TR B KRR S i
PR T — RANVAERROY, Hrh Ao B 2
M EGEN R ERS., CAMRGREN. &
+ 15 SR B 5 2000 AR R 27.4% K 2019
) 57.5% (Song et al, 2022) , H i LIBEIL &%
T RS Sk W, ORI 20 a k4 EAE B
Mg o B Y X (Lii et al, 2015) , Z{am)
JUHESE T 400 km o FEHEE T B AR IRSE i, AR
DARGME AR EE ) W& B9, Lii et al (2012) ff
FER I 2000—2008 4F 1 - 155 AT B P S 4 S [
FE T 3530 07 thi, Hid 67% ok A REBE E AR, 33%
ok A +3EFE K, Feng etal (2013) #HF—HMH5RA
. 2000—2008 48 A 55 I A A RGN [ ke
HILF] 9610 J7 t, JfH A5 220 Rk BE 1 5 n
A .

TE F /N ] ) 3R B R AR e, e A
LIS R BOL T B ST UF 58 R B B BE L AR
70 a WY AR MO IR, TIOR3 R 55%
(0.2%—100% ) , HHARXIEL (JARLLLT )
H64%, VEHEIKIR (VAT LVL L) R 47%. ik
SR AR R 052, Hidia A XK 0.67,
T X I8 K 0.36 (Luo et al, 2021) . 7EIBHFLHK
AN, R A B A K R AR R A
BRI, BRI IAR TS FAE B 1 S48 1
2%, HAA X R 78%, A XA 63%.
FEAR BE IR RN B, FEAHE Y T I B 5
76%, H A A KRR 84%, W B X 3N 63%
(Dang et al, 2022; Jinetal, 2022) ., B#HA K
FRIIAS B/ N i AT 7 T S T DR A 25 SR R I . R AR
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ISR PR AR Bl B R AR A b N
T 2E AR, T I X B A A o 7 o A ]
T 2% DX S5 /N I AT B 7 o T AR/ N T A
(AR BEAR A B o 125 BRI D S5 5 A B
B, IR BRI AN T ek 0 Ak P o e s T
KRB TN

S /PRI 0 — 1 mIRE FIEAE. A
LA EHLAR it i K TRl R I 22 7ok A, M
B AR E (BEFEE ) A M F RS -5
A LR A 2R, R B R A P G
(5. 67.84 t-hm’; FEbk: 52.94t-hm™>) (Jin
etal, 2014) . HubtAf, KIHRBHLM NGB
AW RO (FH: 19429 t-hm 5 R
#k: 23328 t-hm”) (Jinetal, 2014) . 4K i,
i 5 SRR R R A 7 28 LA A 4B 2 R IR BRIA
F/NGIR AT BE & A T £ () JC ML AR 1) 1 A
W, PR O BN R SR A K A S AR R
BV Y R TR BRE MM R, fliAS T 2
- AR R £R AN - R IOY B CO, W T K, I
WS PR AR RS, RN K b
Z AR ) R i E A A A

Wi /NI RGOS R I . KR A
MRFA BN HIE R R TR XS, (B
AR/ IN DL S8 A B T A 2 R B o T R /N I
(Jinetal, 2016) o WLAh, FRM/ING I % Py 1)
EREGEIFERME LM (6°N) W EE T
NSRRI IR BHA MO A o R 5
MR RIS, WA HIUREE M Y 20 R i 2
%, SN 3RS W S TR AR 3
s R AT RES (1) BFLA NG 32 2GR
PR R RIRR o R A W AR, A
B AAVE D N Tk Rt TR E R4, I
R EASE A e (2) BBREM/NLI
AR AR A AR 37 R R T Y B AR  E A OR T - S
BAMIEAE (Jinetal, 2016) . 16 FiRIERN -,
2 H FIERS S A N/O FE R E (O°N I
00 ) KB ANTiEMHHERMER EERET +
BARMAL CHER) |, e AR E +
e A A AT REK A ARG A T A 2R 577 (Jin
etal, 2016) .

- 8 pH S 45 /N I Sk 2R ) i BR AL 2 1 2 1
K2 SE WA/ e R K
SRR AR T MR I SRR AR T VA A DX -4 pH (0—
80 cm VAP ) , BEARVEIE A 0.02—0.15 4~y (Jin
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etal, 2022) ; FEVAYE X, R & ARXT 43 pH
T E R, AEARBHA M/, A X 41
pH FEAR S 418 4 ZURA LK & & 2 0 B Ik
MRKR MO, WML+ pH A 8355
M, FEARBFAMOINGSR, 14 X IR 43 pH B &K
TR X, TR AR RN E A . /NI
WA WLR ARG, 1A DX I A 43 A AR AR
MR, R RE, HIERER-HSE
S, NI IR BRA /N A A X 8 4 3 pH
T VA3 DXk s TR BRI /N S v 7 A A
{14 7 4 ok g 30 T R BT S 1 B B R o, ol
A X pH = TR X, IR E5 R R
TR B AN T AR 3 AR T X /N ek 1 4 pH
(1R R ] S AH5E R A Py s BR Ak 2 3 BRI T AT
2

KGR A ] AL 8 - o RO WK T G
FRZORE, CAMREGREY. &+t
JERGIKE FEOR)Z B TR b B S, 4%
KGR 7 B (BRWIZEAE, 2015; Shao et al,
2018) . Jia et al (2017b) P15 17 # & 169 4~
FE SR EFRRT G 0—5 m REE H 3K 41484k,
RI—5 m R K K T 203.7 mm,
AEREAR 16.2 mm, IE4), Shao et al (2019 ) #fF5%
BB, B 4w RO S TR SIESS (1) 15 a [A]
(2001—2015) , Z&HA (ET) 4493900 4.39 mm.
FIAS il AR AR PR IE 0% oA b, AR BRA PR IR A
TREAE 15 a (8380 ) ZEHUE A AMRE T 270 {2 m’
K, AFEEHK 18 42 m’, Feng et al (2016)
o R EYNATRESMET, o4 &R
IR AR5 I R A= 7 J1 (NPP) #R R 395 —
405 g-m>-a’' (LABITT) , i 2008 4F 85 4 5 Y
SEBR NPP B 4423 400 g-m *-a ', FHIH L5 )R
B PR 52 C 28 K BRI ] R g R AR B . 2%
PRGN, K A B R AR A LA AR T
PRk E R %, Zhengetal (2021) 55 %M.
F1 1961 —1999 4EAH EL, 2000 —2015 4F B + 75 J&
16 AN MR AR IR R BB T 26% —76%,
Forfr S AR R AT MR 50%, FRAIR
BRI B TR P BRI /K AR 7 B R T R

R BV A B 438 i 38K o 5 RESL, — A2
S 2 KRB T A B e 2 AR AR . 7R X
BT, T BRI —A TR 0] 2 7R A 1
BERIEEWRE, ZRKOBNARBABIERZL



&

B R B N AR R PR e 4 £ 2K SO AT R

o XX ASRRE S, 3 R /e VA R U A
IR L/ NFIRR FEUI , $87R T /N e
191 8 SR TN A A AR S AT B TR A B 25 1K
BB AR N 2R, R 2 K AR R A REAN 4
TIEM IR, WEREAE AR B X A 55
b IR 4 7 T ) AR b, LR B 2 R
HiAE 9 mm AREABRERZ I (10em) 5 1
X T (e AR R 7w I AR AR, BER R IA E] 14 mm
A REA AN AN RIZ L (Jin et al, 2018) . fH
BeEE B OB AR AR T AR (TSR . R
AT ) R A AR A Y = A
W&, FERSEANT, HHEKSRNA EERA
R TR A KL BT R B = ) D BUL Y B RY (Jin
etal, 2018) .

AR, R 2R R D A R —
FEMLEE AR & AT R, W X BT
SEBI W BT AR (B
A, 2019) o 477, ¥ m R 7 KRS B K
BT, /NG =K B8 1 A= K ML a0 fef A8

b, KEIRE AR K S R4, B EED)
[ 285 )RR 2 ) A Xk — )L, 4k 2 DLRg /N

IR B MR BN R A AR R 4, T T H
SR A B Wk AR /NG 3™ 7K B 1 F 7 K
BLEI 22 5 . RS A5 SRR 2017 —2018 4FiR
WL/ NI TR 7 0 R BN 0,042, JERBHAK
ANFRIE R AR B 10 % (0.004) , MRS
TE TN T A s AR A i ) T /N s 8 7 K e
73 (Jinetal, 2020) . AfABFFRED] . HEBEKE
Ja B AT 20 Z24E (1956 —1980 4F ) , B HFb R/
WA EFEE T 32% (Huang et al, 2003) ;
M43t 70 a N T MK E , BA-RBFEM/NG
WAL T 90%.
MFERALRIR A, N TR &R A T
NI K SCE R . B A IR A RN SR, B
1o 528 T AR A M /N S U R B B — s o 1A
£, MAERPHAM/NAIS A Z T TR R
Ak, FEIRBFAF /NI, U RS AT
- B K RS B S B AR AR LM I C R
ROV A7 300 9 Kk I 18% B B
210 mm (V770 A0 R TR T + R AT 3K 4 i
&), /MRBAERARBER T, (EER PR
NI A R —BA (Jinetal, 2020) . 7E
IRBEA SN, YA A A IR A B
g (W) MG, IAERBHA MO N,

T A DX BT A B ) ) A R, RS
[ (2017—2018 4F ) , BFHALF /N B T M
U = I R, TR RO I 23.7%
27.3%, KA F=RARN 6 —8 £, KWK
EIFEWIE R T IR . a0kl mRAK
S 23.7% WX —F A, T TR R Y R AR
TER M FRARI, (A UL 8 I A 28 DXk A
TOKSCH#EE, T BT B B s IR
Bl 27.3% Wk —30F, FEEM RN, /i
199 - 59 A K RN SR B IR R R B TR R R
Prf, A IR T8 A5 DX IR I A 7 A K SO
PR R HIEA X, (Jinetal, 2020)
3

(R VD ] A0 0 A o D A A R T A
PIARAS R, 3 70 a ok, B L& R AR &
AT H KA, JUHE 1999 4R BE A MGA T
PRSI LAk, B+ 5 R 4 R 1 I 855 ( Wang
et al, 2016a; Wang et al, 2016b; Fu et al, 2017;
Gao et al, 2017; Zhang et al, 2019) . Fu et al
(2011) 4 72000—2008 4F B + /& 5t + 1 12
P BE AR L, & IR 80— 15° B [ - 18 {2 ik o
JE M 5000 t-km > a ' FE R 3600 t-km -a ', 15°—
25° Yk 17+ HE 12 h 5 B A 6900 t-km C-al [ R
4700 t-km 2-a", 25°—35° B L2l
8500 t-km -a ' P& ZE 5500 t-km *-a ', SR, EEEKT
8° (33 1T + AR D R AT SR 3 F 3600 t-km -a
HE 5 T 1000 t-km -a Y 4 3 ZE R I K K, Zhao
etal (2013 ) Xf b b7 T 8% 4 &5 Ji 1955 —1969 4
F1 2000 —2009 4F- 9 A~ AN [A] Bef st A 1 A okt i B2 1Y)
Ak, EHRFEM. 1955 —1969 4F, # b R -
$e 42 S B 5 TS 8000 t-km *a Y HE 42 ik X K
7.86 J3 km®, TMi7E 2000—2009 4F, & 55 5
PSR R T 11000 t-km -2 AYIXIEIEZE T, 2R
JEET 8000 t-km *-a ' AYE{RIHIX LN 923 km?;
T, 9 R 52.5 5 km® Y X 4R i EE AR
F 1000 t-km*-a", 25+ mF AR 80%.
RAE LRI R4 RAFAAE — 2 25, Bl Zhao
et al (2013) THEAF 2098 4 ) Ji 32 Dl 1)
WL IR T Fu et al (2011) BYIHEGEE, HAZ
A= P GBS 37 7 S 7N W 9 (N
FAM T = A R

B A i A (R i B R S R A
BRI E WD, 20 tEE 70 AR, B YD
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R 1640 t-a', 2000 —2015 4F B ] 8 C K Sk
ARV RSP N 2.56 12 t, R AR A
W SRR B R, 2008 4EF1 2009 4F 5 Al b5
UK 1.34 12 t F11.98 12 t, 2015 4E[EAR 2 112 ¢,
P REARHY K- ( Wang et al, 2007; Jin et al,
2012; B2 %R A, 2017; W F 224, 2020)
Wang et al (2007 ) KBl 1950—2005 4Ef%) 56 a
[, YA A V0 o ) B AR (AR B 2 ) 30% I
TR D, 30% U5 B B R A K
M, 40% VA F K - R e hg i Wang et al
(2016b) FIFHH + = ORI EAT 2 60 a REIK
TR AV VD WD E i, AU T VA R A3 B 1 5 i
R T HERW T SHAER], 451 ERV]: B
58% M v F /b S B I AR T B L R,
UWIETZVPRE 1 (30% ) FIFEK (12%) BTk,
HUZE | B A5 TR A 20 {H4D 70 R0 E 90 4F
B S VD W R R, & 54%. 2000
LK, R IR MR B TRR (S0, R
JE SR T AR R BTk, 5 57%. Wang
et al (2016b) ANy, BE RS TR DHE
TR B TR, R S IR R — A T KR e
Bl B 2 R G A SRR A s T T v i
PLEA EEMVER

N SRR B v R AR R T
ARBTT, 20 T 80 A E UKL H LU/ NI HT
7K £ R LEAIR B IO, /N IR EE AR HE
S i e S R R A R VD R T
2 RELEMIEN, FHES (2021) DL 2017 4ERE
PERIAR AR <7 - 267 FERERM NE], T8 T
it N RV A N SR CA B R 2 W i o R R s B A R
5, GERFEMW: 720" BWH, B EREUK
R A U KT B VD RN 83%, AR T
/N 551%, WEIAELAY BIR VPR ES s 92.4%;
WP R, 55.1% M TTHOR A S, 37.3%
K H VAR, 555 (2020 ) XFiE 10 a
KEWAET 4 A~ MAL SR 7K A O AES it vk o>
EH AT T RG M A, 45 REM . (Er
WK AR RS AR 2012 4R 47 - 277 KB
HOB D B0 35 M 65.4%; A T T WUAE 2013 4F 1Y
“7-127 47257 Fl 7277 iELE=I5FEW
K BRI VD 8 2R S R 56.5% . 40.7%
F136.5%; PUMIA TS EFTE 2016 4F “8 - 177 K
FRI, MR D AR 15 84.2%; 7
WELTE 2017 4B “7 - 267 KEFH, K414
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FEMEIR VDR 55 A 79%

B B /N T 9 3 AR B 8 AR ORN AR RN R
B, BRI (1999) XF A Hr T P 4% /N 3
1954—1980 F R AR 25 57, KIRHHLFR/)N
DI 7 R B R . BRI I BT 2 A
HE10.8 YK, FLHL/NRECR 14.2 0, AR AN
> 22%; FERELEIG T (1958 —1966 4F )
X B R B 28% . il 4 HT 1954—1976 4
WA 5/ INTR I 7 VD R A 3 B N Y e v
PR 3551 t-km -2, FRAMC/INGRIIR =R,
879 t-km>-a', FiFEGHMN 44T, FWATH
B 18 bR Eh A A /N R K R R TR i, eSS
F 0B U v R, 35 a (2016 —2020 4F )
(77 V0 RO 2 B b /N R 80 7R VD BN

3066 t-km>-a', AR AR /NG PRV B BN
35t-km’-a’', BIEREEN 87.6 15, L4 R

23 70 a MRFEEAR MR B, IBBRIE AR/ N IR
TEIK GEIR B BE I AE R TR, QLA SR A T
Wi

4

N T AE R 3 AR A A=A R RE i 50 e 4Rk 4
BTG 445, (Bonan et al, 2008 ) . Li et al
(2016 ) PPAT T A3k BRI AAOGT il b 2 23 105 B2 11
S, R IAEARES A 25 N TR AR i MRS 2] 2 L
YERT, (HAES 2RI EAEM; Pengetal (2014)
R ILFR I KA N TREARFEAR T K 3 m 77K
GG (7% ol b 3R S22 R B, e AT DX 3l A A 3] R LA
A . Zhang and Liang (2018 ) P¥Ak 1 3% [ £ Hi A H
VBT Bl A2 A T i 2 2 TR OS2 ), A I b B
80 PR R REAPR 17 11 R 6 P i b 2 2 TR B

B R A T R 1 N T A 32 BRI B
WA, FECET ¥R, HhREETRE, X XA
e P A A T R A5 . Xiao (2014)
IR B A 5 TR BRI MG TR AROMK R B K i
o, ECH R S IR AR R A, X X R
A TRV ;T BT MR SH A 2 i,
it 8 o D P R IR R R, N X AR 2
TRERAEH KL, 845 R A ok TR
XoF DX A 194 5% Wi LR~ 2 BICHE ™ A= 1 £ R0
B b 3 S TR B8 AR ) TR 8O 2 ) R PA . TR
PRAF (2021) St se R, PRI R 8+ &
Ji Ry b Rae 7K 2 A 3 I ELAT FRARARUN o 2000 —2015
A, AR MOKE DL 7.84 mm - a? R
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i, RS R R KRS K 50T B i TR
IK G TTRR 20 M 37%, T AN K IS ER 7 28 1k
X B K B BN BT 2 7 63%. 58 A B K
BAGSAH L, HBAER E E 5T B  S R A AR
PIREK & 12.4%,

3 3o X T /N A K B R B AR A RN 3
TR (1 m @) M (1 m EE) BT
EE ORI AT 5% 22 BH - B AR 2ot bR o8 25 o 72 s 3R ) g
AN, R R R AT 240 (Jin et al,
2019 ) o Hb TR XoT b g AR 8 5 i o 25 1) 2 Ak
Atk SR E R TR, EAES,
T AR 6 #5232 K PHARSFTHANIR] - TR 2 R i
TR TP ESHE R, AR, MEEEERE
VEFH IG5, A BT bR B F T8 1 52 e 2 T 3
ML Z,  BCA 52 e Jt Ja b 8 A TR ) 3 R R
(Jinetal, 2019) . SiRPHAF/NREAHL, B
HEAM/ NI B (A R AR YRR A E T, A
i) Fat A R 0 L R R . 7 b TR A,
e, MUNRISUA TS, MR 2R R 1 Ao
Hh B R VAT (R S L, I R
e JER DX g b e e P T L R

5

MNFLAR AR, # m FAR RS A ]
FREE VB T K V-, RO RR & BRAY A2 3 IR
R X K — N R, RIS v
HERELEA 2K A SRR 2 G 3, BT D 1Y
IR 5E T 8 - SRR B BRI R TR S i 1
JEFFRLE AT IA] . AT, 764 A I B A B s
DHYEBLT . 2001—2018 4F i ] Ji 5 il 4F 57 1 #i
Wik k24410t CHHEFRE, 2020) o X P>
BT REAH, R B = A
v, WREEMNRYD R, #EZ (2016) . T
JEHEAE (2020) .« BB (2022) Tifh, Kok
50— 100 a AT R AR R i e B DR e T
210 12—247 ¢ w’ . Bl B AR TE 340 t
o BERAE (2020) BEFE 1997—2019 4E/E R 8
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