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W T ER(Leymus chinensis) 52 o E Ak 75 i R R BARR M MR YIREE KT . 3 B TSR 5 SCE R AV TP L)
KW A o it A AR B OTE AR v] DL 2 SR R W, (S S AL S MG 28 o A7 70 LUAS TURIBHEE
BERLJFORN G, BRI TAHFEI A BERIKSE R, AR ENUEX MRS . SFRMRERANME R m . 45 R0 e
BEVE KT, AHUEMENLICE NS B 4w 7 BEE A E(2021-20234F), HA VLRI HUR B & KT RV, HZE,
FEAEMGEIE, AT E R T P 2R TEERBREKF, WA IR TCA LIRS 25385 T SR At -
AP DU CE SRR R I, B AU AR T O IR 7R A28 34F, JOATLACANAG AL A 3L 2 B e 3 2 15 4 3l b Sk
TR T 1.79M08.891% . 1EEEAMA/KT, NG YUIEALHEE ) 5834E, LB AMAAY) & 5 I HE X TR I I 77 85.3%4169.1%.
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Effects of organic and inorganic fertilizers on density and individual biomass of Leymus
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Abstract

Aims Leymus chinensis grassland is o ne of t he most repres entative vegetation ty pes in n orthern t emperate
grassland of China. O vergrazing c auses great decline in the pro portion of L. chinensis biomass to ¢ ommunity
biomass. Application of organic and inorganic fertilizers can significantly promote the recovery of L. chinensis
population, but the underlying mechanisms are still poorly understood.

Methods 1Ina degraded L. chinensis grassland in Hulun Buir, the effects of or ganic and inorganic fertilizers on
plant community, L. chinensis populations and individuals were explored with the same amount of nitrogen (10
g'm >-a ') and phosphorus (3 g'm>-a ') application.

Important findings At the pl ant c ommunity le vel, the ap plication of or ganic an d i norganic fertil izers both
consistently and si gnificantly increase d above-ground biomass in al 1 three y ears (2021-2023), with the higher
biomass under organic fertilizer application. While the application of organic fertilizer significantly reduced the
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species ric hness in the se cond and third y ear at ¢ ommunity le vel. A tthe population level, both or ganic and
inorganic fert ilizers sig nificantly in creased t he a boveground biomass of L. chinensis an d it s prop ortion in
community-level biomass, with higher values under organic fertilizer application. In the third year, the density of
L. chinensis with in organic a nd or ganic ferti lizer tre atments sig nificantly increased by 1.79 and 8. 89 t imes,
respectively. At the individual level, the biomass of L. chinensis with inorganic and organic fertilizer treatments
significantly incre ased by 85. 3% a nd 69. 1%, res pectively. V ariance partition ana lysis su ggested that the
population density and individual biomass respectively explained 81.8% and 6.2% of the variation in population
biomass of L. chinensis. Our results suggested that the application of organic or inorganic fertilizer can promote
the res toration of degraded L. chinensis grassland. The increase in population dens ity rat her tha n i ndividual

biomass of L. chinensis is the predominant mechanism for its population recovery.

Key words
regulation; individual biomass-dependent regulation

restoration of d egraded grasslands; c ommunity bi omass; spe cies ric hness; density-dependent
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FH (Leymus chinensis) %5 & 3 B i 55 X
HA MRVE AR VE AR R (R AR, 1985), &
THIFR 21225 km?, L F P 5 o 78 5 B L A BBl b X 11
FR AT, EE ARG DURL RS
ZUTIRE A P X o T3 B ORI A X ) 4
AEIR, H A7 E o w  HaR A, A
KPR B, Wit 2 AEE AR (ZE K R, 198 8; AR
&,2023 ). WHHEVIFNAHEE, FEMEERIL
PEBEAARIR /N FIRE BT H(Cleistogenes squarrosa)-
B EBZLBK (Potentilla acaulis)FEHUR(ZE7K 7%, 1988;
FEBE 4%, 20 20). SUL[FEINF, B4 RR )
BRI R H . AR, B ERAL ) S
JiA,0-10 0 em - JZ A HU AT & B R T
50% (He et al., 2008). K, *M7EF7 0 R IB L FEHE
JEUR A2 1) B B Tt G IR IR 4E, 2021) .

KT IR IS I B R B2, A IR
ZHED T 2 B RARBIEEE, HBREFARDT
B B R AE S RGUEM Z R ThRERI S . —
Iy, KRG I AT PO RE B B AR R T, (2
S AV ZFEE R K (Wang etal ., 2017; Chenet al .,
2018). fHE, 7EA S SRS B SR EL, B4
TR S AR IR FEREVE BN IN A R N A
2 (Baiet al,2010), ERBHFERERE, ES4
FRM AR LAY E B ERT, YR 2R
B R, BRSSO T RERN, A
VIR A, ZHEAMZBRE ., WEREZ 4
AR A R B K (Bai et al., 20 10).
125 2 MEAT R AL E FEREVE, JESRAE AR I
BE TR AR RGN, (H R 2R B

FHIRK, FEIRE T HAERE T A LS AL
(Bai et al., 2010). X Wt B A (<445 77 s i mT LA
R EERKE, BAS S RAEM Z MR ER
ROBE Z55, 20 23). 2RTM, 125 KT IR0 Uit
IR A PR A FUIEAH 24 R, AE R A4 K
S, LA R SR U I 238, 185 IEANIE T o
RIS INAT DA m RARME Y A& 5
Je HAETEIE R ELA), TR B 38 sk e 5 G 410 i) A 8
4K (Xu et al., 2012; Yu et al., 2015), FEHETZ
EAMZERE, BATMECE IR EEAA EFT)
LR RS T e FERRER, FRpp 1 S A
SESRAR. AT AEK B ER A, X2 A Y
FESHEH DTN . TS TR B T BE 1k
Poo AR, RRARFEEB4ER S EHNEE
N(EEAE, 1993). GIAFFERI, EHEFRSEZ
MG, EREERED, MEED, EREEZ
BP0, EihAEZ; Mk, £ BEARR. KAKME
ALY, FREEERS K, M, EREH
BRI, (HAhEED> (AR, 2007). KRR
BRAFG BT, N T HAEAS [ BR824 R Fh B 1) 28
SR, FRSWMAT A, DIREEAEFT, 4
IR RUFHS, N 7T HFF S8 KFRE, FH2m
BRAKMEREHEBRANEZ MR, DIREHRE
& JJ(EA- A TN, 200 1; Benson & Hart nett,
2006). [, HEFERA FEUY LT Z, f2m
TEEFI AR S, 4058 F FOM R I (i
PREREE, 2023), fEd FE A FBU™ HIB M H) F AL
JR, SEEBELE EFF{K89.8% (IR 4%, 2023). K,
B A 2 R Ui FH 501 ] DA 35 4 R BRI
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AV, DN R 0K (R R IR AR, 2005). H
&, KGN MATEE . EA R B
R B PR R B R R A R R AL . FR U
IR 3E = SRR, T R IR T R A R 3 o,
WAl R MR AV E RIS, BU —E L ERIE
FHRCR o HIZ, 500 I 70 T8I0 B Wi 82 A2 DA% 2 1
FON TS ARSI A, MEEARE .

TEB R AIX, J o 2 2 2 R AR U 1) A HLAE,
THEBMRAER. EAMR ARSI, W
TAHRS B SN , RTInAR T), 5
5 IR, IREEY A I B EEME A
(Ryals et al., 2014; #EFEMFFHE, 20 15). [HU,
AHLEERAE A HUAE- TV AR 455 nT fe
HRFE S BB, (B2, LT AIUEX
Ji B v A PR A I B2 e, B ALY D (Gravuer et al,
2019), AR R A AEE S BN, AR
ATENUACALHE XS REAEETE AR BRI RE R A
P EEE DL R AE AR AR A M R AR, iE ok
WARTE o XX L ] IR R, P LAONIR A L5 SR B
FlEDK AR BRI R SR AL ER S A B

WA D1 7R B e B S5 R B AF R R AR B 2 —
(Z1H55, 1980 ), M TR ARG g2, HAmR
oy, BB 7). ik, A 5T LAREAR DT
JRIBAE R FONE RN &, @A B EE
HFE A HEM TN, AEREEDE. Y2
FEPE DL CE R R 2 BE R AD B AR i SRR A
VIR SARAR, TRACTCHUAEAIA AL X 1B A 2 5 i
AT T4 DA B 0o} 2 B R B KT R 2 B AR T () 5
e S FEMLH, DARA AR A 3 B 5k &2 5 m RS2 F)
FH 3 AR R SRR . AHIE T8 %, TEHLAERIA
HUIBI AR E R M E A (2 dEEH, BT e
SRS, E T YRR, SR
BEAE AT RETE MR . [FIR, T 2B AT
RN, FRTIINJG 2 B FE I I R AR ) (1 5T
Wk T B KT AN A A 1 0 B DRk
1 #RiF7EE
11 FARXEER

WIS X AL T 5k H VR XIS TR TR /R X
RIS R d . 202148, [E B2 B0t 5T T e 1%

BHARIE R F R 5 B [ ORIR IR
BH AW R 4(49.30° N, 120.00° E, #3680 m).
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ZIX IR TR AT R KRR R R AR, FEE
KD, ZZRER, EREHEY, BKES; &K
FRRR, FBEE, A9, il HR K. 4
PR RN-1.5 C, A H ()RR A-30.8
C, mHAATH)FHREN25.8 C. FRHEKEN
350-370 mm, 4 H BRI [A]*-35742 800 h, Jofk A
BI30K . R XM #HAFIH, SRRy B+, B
JR B N e iR, R AR AR DAE RO AR . A
BRI DX AL BT B A A 7 AT RO 2, & FME
TR o AR HE 21 (1997) F SRR 10 43 b, 2R
AT EGRAIRES, B X AR
1.2 R

AAREE T2021-20234F 34T - N TR LA WL AN
TEHLAE S IR Ak, 2 FE L [ B 75 R0 2 FERRE IR 2 e,
B TARCR AR TGN A LIRS i34~ b
. A HUAE A EE R 1R — 0 A SBURE A AL,
PLORAE %5/ X BT A8 FH A HLAE B 55 9% 0 & & —
. ToHLAE AL B A IR 2 (CO(NH,),) Al 18 B — i
((NH4),HPOy), =& ¥ A0l HIER. 1A
1 2E B T WL I T 78 45 R (Bai et al., 2010),
BIIMKFEE 10 g -m>a (%ENEEEA T
(BN AL, AR T2 KT BRI B4R AN B 78 74
B, Tk S SR RTR 27) o it A HLAEFI G
LB 8 9 A Ak B A SRR Tl e FH A ) A LR Ak
HAARE A VLUER & A& 5 &EMEUKT, WEf
FUIE A& o JoHUAEAL 3 A Se AR 55 A ATLIE Hh 8l 1) 25 &,
B € TCHLAE Ab 22 75 A 7 I B AR &, B =083
gm a . TR RURN B P B R R R A R — 4
it & . F—/NX AR S 5 T R44 H5-20
H i, it /e Mk AE TR AT DA SR BN A
HIXE6REL, HI18NNX . F/NX N0 m x
10 m, KH 5E2FEHLHES
1.3 MEIEFRFTE

HETE L EAY AP & BRI (1 m
x 1 m)yPE, T2021-2023F 8 H1-5HBHAT. 1d3%
FETT NI EL . SRR R RS, FRE DT N AEY)
FEIE o St Ok, i 5250 % 1105 CARH
0.5h, 65 CHtT48 him, HIKEFER0.01 gt R TFFRE,
BRI YR, F—FE T N TE YR
o B R RN AR RET A AR
Ja, TER/NX 3 ecm WA EE5H0-10 cm 134
df B S2 6 5, 2 momii 25 BRAR AT H At 24 5 S 43
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PSR RR 43 o — B4 i b FH SR E LIRS &,
T FR A T JE e - 3EpH . SR A Lh ik e 4
HAZRNO-N)AE A ZNH, -N) & &. KA HEAME
52 +-3pH.
14 HENIE

K HH LR R 7 22 0 i e A HLIE A C HLE A 22
XPHEVE L AR R E R SRR AR E
R RV R ] 2R R R R A
YRR . AbBEEZ (] ff 2% 5 Duncan £ & LUK
EHHT B EER IR (a = 0.05).  LAEEANEETT A B4 Fil
FORBRIEBE WP B . FREAMEEY RS
AR5

o MEAEYE

TR AR A RN ARE TR 43 b S R o
(B IR 2 B AN R A ) () 3G ot 2 R - AR
YR IN TTER (Lai et al., 2022). FEFHEEHL A4
VeI R RN B R R F AR S
XA (CK)ANHE R 2 B A= 45 1 T 448 1 248 .
aIves A ACIE VAR B 7 i S Ll e 2 AN SR R NG S
YRS TS AR, LIEpHIAH M. LA
L E AR AT A E B ER 4.3.05K AT .

2 LR

21 FZHREAMBHAERMSEZ EEYESY
MEZEENZMN

R LA, THUERTE HUIEG N 2 4
BT RER L AR 20214F, TEHLIEAE HLAETR
A PP R b b A R Bl R S N T 54.7% A
69.2%, PINFEUNINIALER 2 [A) 22 AN B3 . 2022
T, TEHLAEAITA ATLAE A8 i Ak B ) 3 7 1 A ) e L
Sof B 43 BTN T 48.8%A11123.8%. 20234F, TeHLAEAN
A HUBEAS A B TR S 1 26 4 EE st 8 43 i 438 T
T 44.6%8195.6%, H20224 1202344 HLAEES hn 4k
PR E AR R S T AU b B

HH 27T LUE th, JeALIE AT ALAE A Ioat
VMR B R LE3 N L AR R 2 .
20214F, JoHLAEAIA HLAEES XS FEE P Fh=F & B33
TR FEFW . (HE, 7520220120234, HxHIEAHLEL,
AU A I 25 PR 7 BEVR V)PP =F 5 FE . 20220
20234F, A HLIE &b 1) 4 Fh H b IR 43 il sk 2D 1
29.7%%149.5%.
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VE M bR I (2021-20234F ) (P IMESFRAERR, n=
6). CK, X, N[E/NE FRER RN R 2 7 5.3 (p < 0.05).
Fig. 1 Effects of inorganic (IN) and organic (ON) fertilization
on community aboveground biomass of a degraded grassland in
Hulun Bu ir (2021-2023) (mean = SE, n=6) . CK, control.
Different 1 owercase | etters i ndicate significant differences
among treatments (p < 0.05).
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E2  TEHUAEAN)RIG HLAEON)A X P 46 DL/R I8 10 B J
VE AR EE R R (2021-20234F) ( “FRMELARAER, n=
6). CK, *THH. AN[F/NGF-BER IR AL HR R 22 57 2. (p < 0.05),
nsfRFALHLF) 2 7A R E (p > 0.05).

Fig. 2 Effects of inorganic (IN) and organic (ON) fertilization
on s pecies r ichness of a d egraded g rassland in Hu lun Buir
(2021-2023) ( mean+ SE, n = 6). CK , co ntrol. Dif ferent
lowercase lettersi ndicate s ignificantd ifferences am ong
treatments (p < 0.05), ns represents n on-significant difference
among treatments (p > 0.05).

22 FTHBABHBERMT FEME FEY2
RE 8% EA S e flR R

B3R LLE H, TEHLIEFIAE HLIE S In i 25 4
R AR (RBA). 20214, HHUIES T
MUREAS I8 2 2 3 7 2F b A&, FREf
HUIBTR IIALEE, 250 AR 4 it 8 0 1 7.14%
(E3A); 20 2247, ToHLAE A Ak 211K =E BL 4 E A=)
= HOR RR I I 1 2.84%, A NLAEAS NG 0 1 11.44%
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(EI3A); 20 234, TEHLACFIA HLAL S N = 5 F A
Wy LR HE 2 G N 1 3.6F114.4F5(EI3A).

TEAUREAE HUAC IS DN B35 38 i 7 F Sopp it
AR SRR DA E R (AR SRR
#l, FE) (E3B). 20214F, THUIEFIA LTI,
FL LG AT OGBS, 8% 73 il 32 150 £1120.4% F1125.2% (
3B), ol 7 2.5%13.34% . 20224, TEHLAEFIAHL
JIEL 5 o Ack 3 2 L A3 ER X TP 12.5% 43 ) 2 v 2
30.8%H166.5%, 737l 1 1.5H14.31%(E3B). 2023
5, TCHUACATA HLAEES N 2 5 L i oot BRU19.6% 7
TR B34.4%H0179.9%, 434 e 7 2.6817.34% (K
3B).
23 ZHREAMBHERNSFEEMPEEENFER
MEEYIERF N

TEHUEFNAE HUAEAS IS5 v 6 2 (e 2 B P A o
FE(EI4A) . 20214, JoHLRERIA AL b ik 2 = 5
b B LU R0 384 1 1.8 F14.6F5 (4 A); 2022
5, RN T 1.9f6.565(K4A); 2023 4E, 434
T 1.8FI8.9f%(4A) . M EEAMALE Y& ARk

5001 A 2021 3 202 | 2023
“a.’p E a E a
o 8§ 0 s g e
SE% E :
Hg g 3001 '
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& &S 200} a | :
:H_I_q)§ i b i b
3%\ b , I
28 100f . B ' ﬁ
C 1 |
ol E] | i cal
- 100 . .
S B 2021 | 2022 | 2023
2 i | a
g
§s | 2 | u
=3 ! Sal
5 | |
P ' |
E% 50 : '
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B3 THLAEAN)FIAE HLALON) A IS 2 FEFp e AR Y &
JeHAETETE I AR LRI (20212023 4F) (P59 {E+
FRAELR, n=6). CK, WM. AF/NG RS AR B ) 22 57
F(p <0.05).

Fig. 3 Effects of inorganic (IN) and organic (ON) fertilization
on aboveground b iomass of Leymus chinensisand  its
proportion in community ab oveground biom ass (2021-2023)
(mean+ SE, n= 6). CK, control. Different lo wercase le tters
indicate significant differences among treatments (p < 0.05).
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&, TCHLIEE IR R A P 2R 24 F 7E2021
H12023 4 3 21| 2 2 K (E14B), b #8435 38 0
60.0%41185.3%, {HIETE20224E RIAFI R EK . H
BILAE 5 i A 2 6T = 5 S 44 A2 ) & 00 2 2E AR F AE
2021-2023 5= 443k B 5 2 K7 (4B), Eb T HE 43 51
BN68.7%- 57.5%H169.1%.
24 EEIRHMNMMENERTFEFEMEFRE
FRER

A S RS A R W, OHUIEAE B S I ik
FERPREERL E AR E BN AL S R T AR R
WEEIG N, AR FE R Y B I WE R T
—ENEH . 2021-20234F, 2EFRIEE 5 B AR E
TR B AR T 65.6% . T7.2%F181.8%. 1]
AR A B SRR R AR R TR
20214 [1126.8%FFK 1120234 116.2% (&5) .
25 TEIWERpHITFEMEREFMNMEEL
=20

FHRTED T (ElO) A SRR, ISR
THA A QE&pHﬂaéaiﬁflﬂﬁff)ﬁu/\%i%%ﬁ
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CK, XfH. AR/NG FRERRAC PR 22 57 2 3 (p < 0.05).
Fig. 4 Effects of inorganic (IN) and organic (ON) fertilization
on population dens ity and individual biomass of Leymus
chinensis ( 2021-2023) (mean + SE, n =6). CK , control.
Different 1 owercase 1 etters i ndicate significant differences
among treatments (p < 0.05).
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Fig. 5 Con tributions of p opulation d ensity and individual
biomass o f Leymus chinensis to var iation of its abov eground
population biomass (2021-2023).

SRR R R E A S (R = 0369, p <0.01; R’ =
0.327, p <0.05). T I3EpH 5 F B FhEER 3 7
(R’ =0.594, p<0.001). HIEHSERS RS EED
A B B, W HEESEA SRS
BRI E B MR = 0.443, p< 0.01), +
HEpH 5 2 BRI B AR (RT = 0.5 60, p<
0.001).
3 g
31 BHEMEHARMEE FEYIE . M
FEEMEE LEEEYELLFGINEIT

AW FRFRY, AHLIER TN N At 52 12
EREE L EAE . BTAWTIE R, NS R
AV RAR KFEFE 52 397 /3 R i (Bai et al .,
2008), FJFIRMG, LIEFR BRI DI T 5
J5 3543 B 1l (He et al., 2008). I, RINAHLELTE
HLFR4 AT L 5 3R e S (s 2B . (A9 oRE
(I, A NI TEHUIEGS st B Hh 2 7= i
HEAE F B AN 0B 18] F KT S B 22 . 7E20214F,
AHES THURA =R R TR E =R, (AR
2022120234, A ALK R5CR 23 58 T e HLIE 2L
B, X RIFART AT B TR
SRSy, et BRI, — A
X B AR 7 D AR A B 2208 T HLIE (Gravuer et
al.,, 2019). #ll1, He%:(2018) R 7T K BI, 7E i it

T B JFOE LR I A WL, BRI AR A
BEBA . AN RIS AN F 25 R B, RATHE
WaT Re 5 ARy 1 B KA 6. N 3B R i 95 4y
T B K BT AR R P, B K TS R A
FITF-HE P05 7743 HOWR IS (Bai et al., 2 008), BF/KER=
T FE 5 4519 1 B (7% PR IR, 2004) . 7EHe%5(2018)11)
BT, PANE PR K 553 1) )9250.241227.8 mm,
W EAL T 1Z X 38400 mm [P HERFKE, BT
SRR NG HUIE AT AR D34 IR 1A 2
Iy, PR St NG HUIE J5 338 2R A 2L
T BRI 25 AR b o ASHIE FE AT P A (2021F12022
SE) I B K B 43 1 8 500.7 1410.5 mm , 3 T AR
P& 7K 5(360.00 mm), F34(20234)4351.8 mm, %
KT HERKE, B2 535 THeZ2018) MMk
IR IR . IR H, AHF LR IR T W AT e AL,
it A J R 77 43 AR PR B R KB N L3, el T
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2023 1K GRS 75 A7 B AT 0 184 7= 280 2 It A B [ 4
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KEWFFREH, FRABINESFERIBIRFER
W2 FEVERE e, FLBE A I (4R, 12 57T s g —
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1M, ABFFH, G341 AR I 3B A
PR R BTG 3E R, 1X 5 Bai®(2010) £ 2
PRER IR AL 2 BB R (A 7T 45 R — 8. TR B
B 5 b SR AAF 1) 3R 1 I NI AR B3 PR
F 5 R R e g B[R, TEIRAEEREVE, A
G4F) ALIEA I H- B A F 2T 2 BRI, 3L
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%, p<0.05;** p<0.01; *** p<0.001.

Fig. 6 Correlation between soil inorganic nitrogen content, pH and population density and individual biomass of Leymus chinensis
(2022). The lines and shades repres ent th e regr ession lines with 95% co nfidence inter vals. Statistics (R* and p v alues) and the
equations for the linear regression are shown. *, p < 0.05; **, p <0.01; *** p <0.001.

WREE I AEYI 2 REVE O 2 B K. MEsE T+
BRI, BRTF - ERYMIEIE. 2)FF S
IS E R ZFEVERRK, EBEFAFRS B IR
BET WA, AR S A5, 4 A2 b
#H RS RN, M EsSE S A S8
WA/ 1t 32 B 5 A (Hautier et al., 2009). 5 JFiE{k
&, MG, MR, FRoWINRET3E, H
TR, A FEY P 2 8 FE A7 AE 2 35 1 56 G HE
Bro BRIk, T EER ARG DUR R RR N 5,
T MR, BAINEAEL g-m >a ' A4, 2-34E W
Al DM R R AR K, FF A 51REY 24
PERIBEAR . IX — 25 STl i A R IR o (R4 KR
ZAEMERIE L R BRI R R A P S R T R E
BBHEME.

AT 5y — A E B LS it A UL 2
WIEE2FNER34E, MY 2 AR B3 R, Wit T
NUREAL S IR ) 2 AP A R A8k, 2022712023
A NI AL ER Rl = & B G TEHLAE AL 2R 45 73 a2
120.7%HM144.6% . iX—45 LR A VLT IEHL
RERFE SN ED . BB FE CE W, FR4 et
THEYRAA, BEE BRI BRI, Y
()16 5% 4 0 R 2 A A Fofr s /b 1) 32 2[Rl (Hautier e ¢t
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al., 2 009), % &AM H A YL TTAHLIE AL BT
I & =B BRI, A VUAEALELEE —
TERETE L E AR R T LR AR B, BB IR S
NI Il 22 REPE S 8 5 IR R A 56 . TR,
X IR A R AR 137 4 A%, SRR R AR IR
SRR AE KRR, e iE TR HE . AR
REERE, MHIFEHERNEABEEET, AHEX R
VAR 1 AR R R S 2 A T TEATLAE, {EL i S it
S FEIFhZFEE TR R, it A A LIRS A
DR IR 3 B 5 N 25 R A ATLAE FH & A FF A
LR G R OB WK SR RO AR B VR R
P FAHAL . AHIF TR B, @ kb 7877 43 T DARGE
PEm SRR G, W SE AR VE T R R AT
20214, A it JE 0] R IX SR AR R VA AR IR g R
5.8%, 1M M A IR kb B 2E BB ) 3R = F)
20.4%-25.2%. 2022120234, Jiti FH T HLAE AL B,
2L LA 3 T 31130.8% F134.4%; 1T it F A ALAE
(PIALEE, 2L AG 3 3 2H66.5%F179.9%, B 58
WE T HAAERE R, ARV, @
Iob it P b 4 R B AT RN TR R BSR4, AT DA
BRI EEMBEAI2FE NS ERE (R &5,
2016; AT EEE, 2023) X Lem 7T 45 AL R ULIA, Xf
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T B IR AY R AR Gt el e 7 L2025 4E 4 RE MK
5T R R (24, 1980), B #hFE 9% 4 nl S B
PR ST o 3% PR ] K THI AR B A 1) 2 5 g ek
WERMET %,
32 BHEMEHNERMEHFEEMEREN
HL

A4 E BRI AR R 5 B E R ) L AR
3EE Y M 5.8% BRI Mk 5T £179.9%? Z W nmT LA i ik
I 386 KRR = 3 0 P T A R e A, A X A
E M0 AR B R ok R R L IE MRE ) (B A,
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6554 11 (T A, 2008) . X Ee4E BN AE Y4 71
FAEERRRE T E BRI R I (H2, AT
FREEREY, FEAREY RN EEM A ED
S TTHR R A 6.2%26.8%, 1 2 Bl 25 R ] DA
B R MY B H165.6%81.8%. 7] L,
Tt T P R Pk A o SR T S T R R R
hie A HUIEES IO AL FE R 2 BEPAE 25 B2 FH202 145 0] ]
f137. 20k -m 232 5 #2023 4 19930, 78k -m 2, 5 —4E
BN T 46f%, 5 AERIN T 6.5, AR T
8.9fr . M FEH/MAEAEY) B I IR EST.5%-85.3%
] o 3K e 2 SRS 7100 I 2 5 U T R (I i 2 R Ak
S E AL, T R AR 0 U AR AR X
550 DRI, 0T = BRSO R DR £
2 B Rp R P IRV o T 2 R R I R B in
FEAMTITHNER: H—, FREEwEERNE
PIrEY), MR FEN O EHEBE . FEMRE
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R IX PR 7y BRI, « B A A K (ZEFREE, 2006 ). FL
=, BRiE BEE(1984)TE N 52k R MR IR B0 5E 1122
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Bim. FEEFIRE, FRREE AT UMUK E,
— ST RREE IR R 5K & 0 2 B e
REATHN, H—J7H, BRI & ERE—
MNEZERAEE. FEAEREFEY RS,
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RO B3, ATRER R A HLAEXT - 450 7 1 ek
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GRS RE ) oy BESG NG FE P AE IR A 2
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oy BE LA, et 5 BE(Liu et al., 2021). EAR
F A B AS R B T BNk RS o0 B8, (H RS EAE
B AKFE BETEREAEH (Guet al ., 2022). 4%
AR R 1 A K F i 3R OsPIN9 ) JE ]
1A, KR £ M AEK R KIE6E 71 B,
H AR e 3% 42 A AR A X IR ) a8 38 22, )i oy B
K (Guet al, 2022). Q)FHLA T E LG ILRIL
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B IR0 AL HR R AN AT B VR F (FKOKR R, 2022)
FH It S IR VS 7 T | AR 22 IR 1R 07 Tl 40 5 e 24
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2020; Fanget al .,2 021); M & HER %12 H A
OsAAP3FHB A S 1 B 525 % 30 325 1 5 U 47 i 45 7K
FE45yBE(Lu et al., 2018; Wang et al., 2019). [, A&
A 5 R S0 0T e i 2 A P R AU AR )
AR E HRBER TN E R BE . A HLAE
(1 Tl o i AR e B A, A PR
MTFEESBEREES T OV, FEHRERE,
IR RIE T KRGS RAEDI I, KFE A
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