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Abstract

Aims The balance between soil organic carbon (SOC) input and output processes determines SOC content.
However, it is not clear which of the two processes dominantly affect SOC content during the degradation of
alpine meadows in Zoigé Wetland. In this study, the changes in SOC contents of apine meadows and their causes
at different degradation stages (alpine meadow (AM), dightly degraded apine meadow (SD), and heavily degraded
alpine meadow (HD)) in the Zoigé Wetland were investigated using the method of spatial sequence instead of
temporal successional sequence.

Methods First, the changes in C input to soil and their causes along the degradation gradient were analyzed by
investigating main soil physicochemical properties, microbial biomass, plant biomass and community composition
of plant functional groups at different degradation stages. Secondly, the changes in the C output from soil were
estimated based on lab incubation experiments of soil C mineralization and the temperature sensitivity of soil
respiration (Qq0) and monthly average temperature of the Zoigé Wetland. Finally, the main causes and processes
leading to changes in SOC content al ong the degradation gradient were analyzed.

Important findings The results showed that soil water content (SAC), SOC content, total nitrogen (TN) content,
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microbia biomass C and N content decreased with the increase of degradation. Plant community composition
gradually changed from sedges and grasses dominated community to forbs dominated community. Plant biomass
and SOC mineralization rate decreased during the degradation of alpine meadows. The potential accumulation of
organic C reduced during the degradation (Compared with AM, the potentia input, output and accumulation of
organic C in SD and HD decreased by 16%, 18%, 15% and 59%, 63%, 41%, respectively). The decrease in SWC
changed soil physical and chemical properties, including bulk density, SOC content, TN content, total phosphorus
content, and C:N, which led to the shifts in the distribution pattern of plant functional groups and in soil
microorganisms, consequently reducing the inputs and outputs of SOC. The decrease in potential plant-derived C
input to soil caused by decreased SWC was the main reason for the decline in SOC content along the degradation

gradient of alpine meadows in Zoigé Wetland.
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3G LK (SOC) & 45 LA & Fh B A MR S AFAE
F RSB E Y, BaREY . YA
WIBRAR LA S o3 fife . A B4 . SOCIE I 2 e 1438
ghikg. REJIRNREKEE 152 H AR A S R G A e P
A7 }3(Zhu & Shao, 2018). HiT-SOCH! & 75 &
K, HERSWRE WA EBZENKR, T3 E
TN B e AR B AT 5] 562 K COLIK B 1 5. & Atk (Lal,
2004). [Aitk, SOCHE &84k J H RS 753 Hr %t Tt
REEHAESRG M, XIak BRI A (b F
TEAEAER EERZE L (Luan et al., 2014; Yu etal.,
2019). SOC& & M e Tk A M4 2 8] A WA S 22
PPt A N RN 3 T 1k 2 SOCHI A« i HH 11
B FE I fE(Cox et al., 2000). +IE S /KRS
S RAEREVR A A S AR A D) R
LSRRI AR, B BB R E R, R
X SOCHE &= A fU I, LhAah, FEYHETE & il 8 il
BIATE T RIR L5 VTR AR & i
FEUR 450 S5 M SRR S5 R W DR g TR e T
SOCHT L FE, M B AR 3th 5 i - 33 56k Bk U 3 3R fit
71(Gao et al., 2019). T IEE /K E R T2 R4
Wy S AR PRI PRI (Suh et al., 2009); 1t
TRy 3G T ) 5| L0 7K 73 Wi S R PR A =2 E B 4
PR (2 BN TR B T VR B8 T ) R (R 2 T3
R ) ZEBE A3, (E3ESOCHIN 1k, FEIKSOCH &
(XE %, 2017; MR, 2018).

TR 2 2 P IKSOC & & (Dong et al., 2012;
Dlamini et al., 2014; X K&5, 2018). [l = 25
MBI, SOCH &, A& &, F/KES
B RREES; EIReR A RS KE. 2%
RS R TR E UK (X E 405, 2018). HFERL
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MRS, M B S AR o ) AR AL 3 3
T IR RN R AN R], 33 T 5 A )
X 48 B I L Ak R R G A R (kT A
2019). Mtk 35 P SR A e I A B R B A — R
AHEAE X SOCHK 2 T ¥R E ;1 HE B AL
1 P FAE B 7 5 R RIS, 2 BGnBE AKE B
KGR, R EIRA SRR, FESOCH %k
(Dlamini et al., 2014).

A R i AL T e R AR A %, R R
B KR = R v R it (Jiang et al., 2017). {H
&, M0 70EATT 4, BT AR A TBUBOE 3)
AN NHKER R, FHoR ik A 7™
PB4k, Wb AR D, EA AN, HE kA
T AR (Qiu et al., 2009; J3H B 3H452011;
Luan et al., 2014; Li et al., 2020). # /K 15 i i FE 5L
it AR BN, MRS SR R R
A AR (A 4%, 2011), SOCH & i 2 PR (X
B, 2018; X K4, 2018); 21 HEK T AE 1%
X ey FE A IR A 1) 3 5 R (B 4 4%, 2011). {HE,
A R i i e FE R A R A I A% SOC & &2 B AL
AT B A, ol A2 B A R B N RN gy O AR
DA S RAN 1ok FE X SOCEr 2 PRI (1 52 5 3 AR Ik
ANER . KM T = FE A A [RGBy SOCH)
N R, DU 6 7S B SOCREAR R HL i
IR = FE R AR TS R G A S K AR AR K
P A BT ABF 7L (Luan et al., 2014; Cong et al.,
2016; X B 4145, 2018), A H an i BEE
IRACARFERINER, A5 /K 5 e € B ) R i N\ k35 1%
I, B I Es, {H AR A XS SOCIH 2 5 3 S
H, 4S8 SOCH &K,
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11 RXER

W5 DX 3BT T 9 )1 |48 BT sk R JE 1k Va5 /R
e B AR B AR X N, HLER A E SN 33.92°-33.94°
N, 102.82°-102.83° E; #3400 mi £, F-F#<
HENLL C. FEFF/KE600-800 mm, [ Z=iE B
(5-9H), BE/KE HAEHRI90%, FFFEA T ((10H
BIREAH). WFF XA o R+, HE
PR DL s A o =, FERAFA AR E
%i(Carex muliensis). #&/E & i (Kobresia humilis)#ll
TR 37 (Potentilla bifurca)(Jin et al., 2020).
1.2 EWWITSHREE

BT X AR R & R EZORSRAFARE . ARTFA
FR R 2 X 35 A e AR AN AR R RP S . R 5
K JZIK I3 MR S A T 25 A (0 Sk sk KA IS
A R AR 7TEE), SR 2 8] 7 F0 AR i 18] 2 51 1)
Jiik, (R R 5 BRI AL X R o T 2 E AR AL
() 34 B B (7 28 B ) (AM) 55 AR Ak vy JE B A
(SD). H IR H M (HD) (K1), B Bk:
525 m x 25 mifj /N IX, BEAS /N XA S LG 3
ANBm x 5 mPFERAE A, LTSRS . @ A
AU RIS AL AR IR
YR R A R S A A WL TR
N R R, PR A BB AL B R4 SOC & &= 1)
AL L] o

T 20188 H AT HE i R A o HEAFE il R AR I,
FERFMRA T B BURA I A RHIE () 151 R A
FUSREYIFRE 7 (50 cm x 50 cm) i 2, sk EYRD
GRS MR BE, ZJEHRIPER RARPAIZRE
B RFFHT BT R, TR VRS e
. fEBI R R DT A A (B AR5 em) il

L AR R b TR AR AL B A

0-20 cmEFEFL /K b 3%, HEHIR AR, RIETE
HAN 65 CHRERIE &, RERGRAENE. +
SERE MR AER F T R, 725 m x 5 mIFjFE
P, IR A ZRAE RN BORE OB ) 1 b3 43 U 1 B
%, FWAN3.5 emif) H4EH 1555020 em IR & J5
IR AR A2 mmis, —EB59 HARKT
T IESOCE &, A% (TN) & &S5 R, 5H—i
Gr4 CHWIHR, FT A A Y e A3 fx
M

1.3 HmAESME

SR AR PR SR R A A v g
FKEMT, HEHF I, pHAPHS 3R 4
Tt SOCH & H E AR HF AN #VE LIS, TNFIAHE
(TP) 7l & J5 H SmartChem2004: [ 3 1k 2 43 #7 4X
(WestCo Scientific Instrument, Brookfielg, USA)ill
TE o WAEMAEY K S E(MBC). A& &= (MBN).
%7 2 (MBP) H &1 JE 289500 58 .

TR AR I s BRI R R e
PR — R R R TR R AR AR
PRBEM, = e A IR KB E-10-20 C&fL; =
N 20 “CHEIRESE I 56 T BB RS0 45 i COLid
B S5H M T SRS B IR
I(Song et al., 2010), UiH1i1%J7 k& — R B 547
HATEERIWT I B IR EL AT T IR 0 75 . A
Uk, A FC A SR @A 3 20 CEE R TR TR
WS AR A R . R AR R AR Y
T70 gF R 5 BTN R TR, LK
W 2 H Al K B 60%, B T3 354620 CHot
FAFEFIEER IR, fE551. 2. 3. 5. 7. 9. 12, 15,
19, 23, 27, 31K 5 S WPk Jak 22 5 o Bk
FR b E (2%, 2019).

Tablel Classification basis of degradation stages of alpine meadows in Zoigé Wetland

bR AY PR TR FEAEAEFD &AL ERRITVAN MR

Grassland type Dominant species  Major associated species Condition of grass hill Pikacave Total coverage
(%)

T FE H ) KRB ROBRWR . B F43k7110-20 cm 7 92

Alpine meadow (AM) Carexmuliensis  Potentilla anserine, Kobresia humilisThe height of grass hill was 10-20 cm No

BEGRM R KRR HOE i BN T otk El 97

Slightly degraded C. muliensis Potentilla anserine, No grass hill Yes

apine meadow (SD) Blysmus sinocompressus

FEIR R TREH FERTE . KRB Tk, HIBESACERI, 6oy Bt 64

Heavily degraded Potentilla bifurca Potentilla anserine, No grass hill, there were patches of bare Yes

apine meadow (HD) Carex muliensis land, and partialy desertifield land
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14 HENLESHE

AN BT E AR R

PCl =t FHEYIBRE N E+HR R I E+HR R
Iy ISP O\ = (1)
Hodr, M EAEYIB S N E=AGBX YR & R /SA; R
F M N E=BGBxH Rk & & x20%/SA; 1R R 7 i
Vi N &= AGBXHH ¥k & & x10%/SA (Chapin 111
etal., 2012).

X, PCUAH HUBRIEE M AN (g-m2); AGBFETT
Hh EAYE(g); BGBRNIR RAVIE(g), SAAMETT I
(M),

I = N SLEe i 3 m RARD k&, ARIE A
B4 ST R A P R 3 T R M (Quo) LA B HE A 4
5 Ao ) 3 BRI, AR

CCM, = CCMg % Qqo % (Tn —T)/10 2
X, CCML 94 H 4 i 38k 2 A0 1L 8 (g-kg™);
CCMo = P 5236 1) 488 2 kB (g-kg™); Quo
D P W Sk P e P (3 I 5 45 (2016) (1 i 9T Y Quof L
3.3, HH 45 AR T 5 e e 5L 3R I 1 Quo fEL 1)
WFIE(4.7), AW TP Qo — M N4); ToN %
H P ¥ (1£ http://www.ti angi houbao.com _| 7 1]
T # R 5 2018 A AR R, THE AN H 4 1T
ISR, TovEs W SEIR R 7RI o

P 4 4F 3 B ARG R A B R B 4R
BHREE S E, TEARWR:

PCO = CCM x BD x VIS (3)
A, PCONA HURRTELE 4 & (g-m™); CCM Ayl
ZMT LB (gkg™); BDABHE(g-m ), VN i#Ek
(m?), V = 02 m®, BUAREELEHE N0.2 m, A
5 AR N S, A R B T AR AR L P
S=1nm?, Fos .

A WU EF 2R A MU (R & 58 7R
RN EEERR.

THYI T REREIR 5 B B Row, tHHE LT
L EE=(AE X 55 B AR = B AR A =)I3 (U E
412 2018).

K FiMicrosoft Excel 2013%} 5256 ¥ it 474+ 5
T, SPSS 23.073 #r Xt #dim 347 JE S Hka 5,
5 & 1R R - IR R i 4R 2 B0k 56 3 AT 2 R
AR ER S E. SKE. RESEY
FHE A R R AT LR /W1 (RDA); X4
R IR R EEIEAT E 853 3. FHOrigin 2018FH
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Canoco S8 AAE K .
2 HERMSH

21 RCERE b HIEIBILAFE

MAMEISD, HDBY B, TIEE/KERFIES
HA136% 74%. 29%; SOCH & HIFIIE 737N
210. 149F146 g-kg™; TN 2 & {348 43 51 Sy 15.
OfI2 gkg™ TPE BIFIME S M AL2. 1L8AN
1.4 g-kg™; C:NHIFIME 4 5415, 18F122. MBCH)
S 43 191256, 587H1440 mg-kg™; MBNI) -5
155 %9414, 2631222 mg-kg™; MBPIF 3518 43
5958, 69H142 mg-kg™ (Kl1). +IES/KE. SOC
. TNSEMCNBHRINAM 5 SD 2 7] 2 7 A
2% (p>0.05), AM . SD5HD X M 471E 5.3 % H(p <
0.05); TPEERIMNAMESDZE R ¥ (p < 0.05),
HD5AM. SD¥Z A3 (p > 0.05); MBCFIMBN
BIRIANAMESD, HDEREZ(p < 0.05), SD5
HDZ R AR (p > 0.05); MBPEI NAM 5HD#%
53 (p < 0.05), HD5AM. SDHZERAEE (P >
0.05).
2.2 BILEBE _LEYIThEEREPCA KR RDA ST
221 R{LEEE _EEYIThREEEPCA DR

PCAZM T4 B o WA RAFEZE(HIR
SELHE B e A b, R X AN TR S
e FE R IR AGAR B ) 2 AR OCOC R, R H B
W LHE P A e A O, R DR S
FERNRUFEE N 2 IEMHK KR AMITBAEHS
PRV RUR AR, SDM BFEHL S 2K, RA
RBIANPS FERL ki, HDM B 5 422K B, [k
B RAEFE I, IR RRUR AR S B2 AR
55, 10 A4 IS EAR R N (E12).
222 RUBE LEYIIEHSEBEBAMR
RDA S

RDA —4iHE 7 B on: KA R 5 SOCE & .
C:P. SAC. TN . MBC. MBC:MBN. MBC:MBP
BIEMHXXR, HTPHRE. FEEAMIKLR,; ¥
HEREMBPEIEMHKL KR, SCNEFAMHKKR;
MEBERERIEMCSKR, 5SOCHT &, ING&E
FISWCEFAF R R . %45 REHARAFRZSOCH
. CPHAERFMEK, WERFZCNAMBPET)
SRR K, 242K HE 57 SOC 4 B A 4% B 1 52 i 45 K
(KI3A).
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AR LA E Degradation gradients of alpine meadows

Bl ARSI R AR E b A M OB AR CP B AR HE R ) . AM, mEH M), HD, HZ IR s s ],
SD, RIEERIEIER M. AR/NEFERRIERWEE 17 5% B3 (p < 0.05).

Fig. 1 Soil physicochemica characteristics along degradation gradients (mean + SE). AM, apine meadow; HD, heavily degraded
alpine meadow; SD, dlightly degraded alpine meadow. Different lowercase letters indicate significant difference among the

degradation stages (p < 0.05).
1
¢ o AM
¢SD
KA} mHD
Grasses
°
— . t 3
§ n
e o. L " '
~ L]
o
S . ot m fuE
o Forbs
* o [ ]
PR .
Sedges
o
-1
-1 PCA 1 (86.4%) 1

E2 HHYDIERECRARL PRl 22K 5iRAER Tk
7373 HT(PCA). AM, 5], HD, HELRZIRML R FE% i, SD,
BITR SRR,

Fig. 2 Principal component analysis (PCA) of plant functional
groups (grasses, sedges, and forbs) and degradation gradient.

AM, apine meadow; HD, heavily degraded a pine meadow; SD,

dlightly degraded al pine meadow.

23 RUHE EHIERERT LES5TIEEFRDA
S

+ 3 B L RS A EE AL M R A RDA 4
FrafREoR: T R B b 5SOCH &, SWC.
TNE&. CP. N:P. MBC:MBNIEA%, 578
C:INfFHR. 1Z4E REKPOINC, SOCEHEMTNE &
SN R T R, TR EEE ERICN
(3 I AR T 38 8 16 (E13B)
24 RUWHE ETEBNBBEREZESTUIFE

EIRWHRFE b, LA VIS ERMAE. il
BN R EYERGES, RS ERHE,. HEE
SDHY Bt 5 AMPB BL 2 [ 22 AN 35 (p > 0.05), 1 &
FRAREHDIY BC S AM . SDF BUAH L &5 2 A K (p <
0.05)(Kl4). S5AMBBLAH L, SDFIHDR B A AL
TEF N iy AR R 7l PRI T 16%. 18%.
15%7#159%. 63%. 41%.
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BER pH
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™
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B3 HEDIRERE(A) M L3R R AR LR (B) 5 HIER T IR I HT(RDA). Civ Cisv Cy/ MR H 1. 15, 3R 13 R
By L. BD, AE; MBC, WUEM MRS &, MBN, AV AEMRER S E, MBP, MUAEY A EiEE &, SOC, ANl
; SVC, HIESUKE; TN, &SR, TP, &S,

Fig. 3 Redundancy analysis (RDA) of plant functional groups (A), cumulative soil carbon mineralization (B) and soil
physicochemical properties. C;, Cy5 and Cs; represent the cumulative mineralization amount of soil carbon during 1day, 15 days, and
31 days of incubation, respectively. BD, bulk density; MBC, microbial biomass carbon content; MBN, microbial biomass nitrogen
content; MBP, microbial biomass phosphorus content; SOC, soil organic carbon content; SVC, soil water content; TN, total nitrogen
content; TP, total phosphorus content.

g 4004 2 30”4 5 80r¢
m§ 350r % 8 ? g% 701
< 5a 300} b B2 20 7 a %%gm- 2
€% E 250} N\ EBE 20} N KEZ 500 2
S & o & 8
Hg2 = H5 2 -]i:lg_o L
g g 200 150 | g5 40 b
£EE st ¢  mmZe b EEE 3 :
235 0ol 4 & SE 100 S o0
5-20100 E.gg 5.2%20
4@% 58_ | .I.EBE 53_ 1 ng)lg_ 1
. AM SD HD = AM SD HD A AM SD HD

HAIR LB E Degradation gradients of alpine meadows

B4 GRALEEE IR NURE AR, Ml R ERNRHECHELR IR ). AM, S%E5 M), SD, AR m
Ffi), HD, HZIRBML e . AFRVNG FREORZ ISR IR AL |2 573 2 2% (p < 0.05).

Fig. 4 Characteristics of potential input, output, and accumulation of soil organic carbon along degradation gradients (mean + SE).
AM, alpine meadow; HD, heavily degraded apine meadow; SD, dightly degraded alpine meadow. Different lowercase letters

indicate significant difference among the degradation stages (p < 0.05).

3 g
31 HIEFEI|UEHEMT K

KA FEE R BTN, /R 5 00 5 FE B i WAM
FIHDHIEILERE |, SWMC, SOCE BTN & i1
PR (K1), H.SOCH BTN & 5 SWCE 3 IEAH
K(E3A), X 5T AR i 4s RN E 4.5, 2018;
Cong et al., 2016)— . L FhJEKER T X Fhgs
/K i b B A 32 B PR A HEK B (U B
g, 2011), H 51K KA AR FE L
HEHAL M 5 Y 2042 (Guo et al., 2013; Yu et al., 2019),
FERIN TP ER SR, R E YR Y
PR3 VE 9855 (Dlamini et al., 2014); Mk, +i%
TR R BH & A8 e e I FRAIS, G AN IE & TR
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AIRAFAKPIREE, MR R AL, BEY
YRR (X2, 2005), 530+ WLk S E i
NEHMR R Heoh, Ko A8 g b iy
B IR, &R SOCHE B MTNE & B 3% 1K
(Dlamini et al., 2014). S5AMBYBAH L, SDFIHDRY
BTPE SHIGIN, 7K 26 AH I i 38 18 Bk A0 A
TR AR TR R AR R E B
(Miller et al., 2001; %444, 2006). O\ A B K BA:
35K o B AR A 2 AR R ) SR AR R 2k A, R
PSR ENY S B, MR S R
(R B AR RO A2 B AR K (Miller et al., 2001), {H
LR R S B Ak, B R AAE A B
M7 BRI AE R(Miller et al.,, 2001; %=
JH: 455, 2006).
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32 LEBMAFMEEIETH
SOCHI 4N = E R FAEPI I ZE | AR A1
MR 50U, TR I A A i 2HL BRT A= 4 % SOCH
N EE LI (Cong et al., 2016). Ff#EBILFEEE
BIINIR, PHRERHR S5 B Uk 55, S BAR 35 B i A2
K, BIHDK B KB N A D Re#E(K2). 1IX 5
J3E B 3 45 (201.1) ) 2 S (2019) R 7 45 S — 2K,
H5 R 55 (2014 25 —A— 5 A—8U 5 H
JE M BRI K SR TR [R], R T AR K
WA —FE(CRIE K&, 2014). {H b4 b & R
TEB B 5 2 BT IR BOAE B, 1 S PR SRR R A R}
AT, FRREMA LG, H EAYERE
TRE(E B, 2011; 208K, 2014; X)HEEE,
2019). SWCERAFR}, W EFRIFSOCE & 1AH
SR (E3A)E Y HEEKRIAE & RAEFITS
TRHAEK, MAREREEEERERLR, THESK
EERMIAE A K (2= M5, 2019). TEIBIGERE L
Fe LR A BE Ok O, (B AEY B A I LIAMETS
BOR BT BRI 43 (41555, 2005), BRIt A R AL
FEEENGR, MY AV & (BHEHh_EAEYE AR R
AP E)BEEAR, R T AR N R .
SOCH) i i 2 B T L3RI A, SOC
FREFAE FE IR R g, m R
BRI R Quof 52 B B2 . SOCH R &,
BB RESAZ K ZENEM(Luan e al., 2014;
Nie et al., 2019; Suh et al., 2019). Suh%:(2009) & i
- ST T AR AE B I R T A2 B R K A BRI
W, IR RS S IR E R T . AT
MRt g R bR ILFRFE TR, SOCH fig
159(E4); SWCE & 5zm +3m R L 2 (&I3B),
X5 A2 AT 45 R (Suh et al., 2009; T 14,

2013) 8o IEE KBTI IR VIRV I35 3,

U JEC A n) 40 B T e A TR JE R, DT S8 Al ] i
RREAAN, NSOCH f#(Cong et al., 2016); +
B EK ERARE BARE R TSR A e, (H2 20
bt B ) ) & (MBC I AM B B 1) 1 256
mg-kg & MK BIHDR B 119440 mg-kg ™) BAAR I 1%
A= W R IR0 M, 3 R SOC /) i U 55 (5 e 32 4%
2016; Yu et al., 2019). fEIBLERFE I, C:N#E N, %

R E KRR, KI3B), RUIREE R MR,

T W AE 5 fif SOCIR A7 7E (14 U PR il ofe e ™ 5 (2
ARG, 2014). DL, FEIRALARSE I SWCHI AR AN

GBI FRPPR I (0 0 Fa] 5 | Ak 2 A ) k2> RO A= i
PEIIBEA, MM 5 2 SOCH ik 55 -
33 TEBNMHRTHUHNEERRA

AMY BUAE YT B, SOC/H ik, (HAEHL
mEEmAER R, BMARRXTHEE, FHH
WA R (K4), R iZ Y By SOCE & fx i
SDFTHD M Bt 4= 3% 9855, SOCH i/, {H 2
AHUT N B>, 580 WIS R 2 2 PR
(Kl4), EHKSOCHEAE/N, IWAMEIHDI B, S\WC
PR P BUE YR B A e SR (B2, BI3)(XIRAE,
2005; JEUAIEE, 2011). FUAEDAEYIERE S ER
(B, FEUR N T E K B 2 &8 (5
AMAHH L, SDFIHDBY B ARSI 755 N 570 5l B
T 561192 g-m?, AR 2 B AR T 48H1170
g-m), BN B AT B K T B B A
BRI i I BENRIE A 2 (B 4) . 1B R
AM > SD >> HD, Z&5 R EH: HSRBUKEFER
A b, R R A R P R R R OR KRR,
RGBT - SOCH B K. Kk, #5/K i Mo
TR AR A, AP TR S N = IR D R A
W53 e IR 9855 3 [R] 52 i SOC & & A8 1k, {HAE
BB T TE S N B IR 98/ A2 SOC T & PR I 3= 3l
o

AR I ASHIE T s I G AR B
AN A A BRI T B N R A H O FE X SOCE &=
fRsEm, f 55 R EL g LA e 2 . Bl o, 7E4
SRR, AT T R ED H &,
DR A R R T 0 (R ) 2 RV Y A — 3 &k
A Ay il B N B g R, (B R IX R 4 B AT
TERFAN A FARMEMS B2, R @ RN R bsic A ]
SE BT 5 R I AN B A IR TR Y =
H AT, FA1CAE T )5 JE B F e 17— L84 %
WFFT: A FVE DN IR HE RO T 38H VR
Yot IR HE (L et al., 2018); #F— HFRic
7] R 2 B AL, R YD R VR B N, X SR ()
NI i3 v 5 B ) A LR 1) A, B =R TR
KRN (258, 2019; Li et al., 2021) . 1E32K ()35 35}
) ERL, A0\ R0 0 05 - il 1 3%, K Z097%#k A 7
T FH BRI AR T 14%, K2186%0#k B 1E
T g VR YR AR KT RN 7 R
PR RR IR 5 N3850 7= A B AR R (L et al., 2021) . 18
VIR TE R 28 3 WA ()i NAR 33 38 LB 1) 40
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fif (ZE%, 2019; Li et al., 2018, 2021), ¥ /b + 3w
ZRL. MAh, RSN R N0.6RT 1.2 mg-gT
B, V& 53 il o AN TR T 26%F119% (FH B,
2020). 74, AHE T Al SRk 2 R T20 "CHE R
B IR AT NI R, X R IRy SN IR I
Al AE m il R IR . AT AN, ASEIEE T R
R (WA R ) BAAR K, Rl REF
s R, O PR ARA A QRS SR .
W6 LR ) =, SRR 2R 3 0 (Song et al.,
2010). 7 i SR AR AR A S, e R ) i KB
7£-10-20 ‘CA#1k(Song et al., 2010), EI{FEIRATH A
TRER TR, L IGVE R AEARAOL 75 i J R A A 1 S B
B, PRk, 2 e IRATR A T B A 20 ClER
1% 77 0 B 22 BRI TR AL N 7 - SRR A e 2,
HEFZR LM TR GE, RAET X
(19 7 S 35 SR N QuofBL A% 57 4= 4 4% H 4y 1) - 18 ik 3R
M. BARITIERIRE, (HZ 5]
TRRFIRL F RIS 1) 772 —, I L — e A
HHTRANIRIE F (FER 555, 2016). 1%77 VR AE iR
ZIRT RGuR %, SR 2 F 05w A2 7] A 1 (1]
B KB R /), (A2 B0 25 AN IR ALY BE ) AR 4k
. FIRFFARE, A FRAUKIEE Y Y&
AU A5 SR A SRR A N B A0 g i o B, T
Re il N E A B . Bk, A R AT
FirR, B RE R0 7ok E B RS RGN
T N AN R, AT — D4 7n 3 R 2 = FE AL
R FE H SOCHE = PR IMHLER

4 ZEig

it 5 e ) SR AL R B2 (B, LAk &, SOC
TEMERE R MOBENDERL RAF
N EIRE ) AR BN E IR A . e
RS EORSE R & B, My
B GR AN Vs P AR S BB 7E it i
BEEAER; sy N BEE ARG 10 2 W O T Bk MK PO &,
BN I RRIE R A Y . H, RIEEKE
[ BEAIG 5 RS A DB 7E i N B (R D S R
b € B AR AL I FE b SOC A B PRAR ) 3 S 2.
Bt RastE RAZHE TR A KRR XRBIFIN
IS BHERREAZAGAERELERE

RAE IR &AM, BT A 28 20 b R4
M EFEHB.
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