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Occurrence and drug resistance analysis of citrus psyllid in different

regions of Guangxi

YANG Gui-Bing!, WEI Zhuang-Min!, HU Yi-Fan!, HE Jiang!, OU Jing-Li', CHEN Hao-Jun'*,
GONG Lei*", HUANG Xue-Mei!, ZHAO Yuan' (1. Guangxi Subtropital Crops Research Institute,
Nanning 530001, China; 2. College of Horticulture, Hunan Agricultural University, Changsha
410128, China)

Abstract: To analyze the occurrence patterns and resistance levels of citrus psyllids in Guangxi,
this study integrated meteorological data to examine the annual fluctuations of psyllid populations
in different regions of Guangxi. The resistance of adult psyllids to conventional pesticides in
various areas was assessed using a combination of bioassays, including the “leaf dipping method”
and the “drug film method”. The survey results revealed that psyllids were mainly present in
northern Guangxi and central Guangxi from April to November, with average monthly
temperatures ranging from 18.7 to 29.6°C. During this period, the population density ranges from
128 to 643 individuals per 100 shoots. In southern Guangxi, psyllids were predominantly observed
from March to November, with average monthly temperatures between 20.7 and 29°C, and a
population size of 136 to 860 individuals per 100 shoots. And the main occurrence period of
Psyllid was from March to November in south, with the average monthly temperature ranging
from 20.7°C to 29°C, and the population ranged from 136~860 head/100 shoots. The population
size of psyllids in the three regions were positively correlated with temperature, with an inflection
point temperature of around 19°C for population growth. Throughout the year, there were three
peak periods of psyllid occurrence. In northern Guangxi and central Guangxi, the peak periods
were in May, August, and September. In southern Guangxi, the peak period was in April, July, and
August, one month earlier than in the other two regions. Correlation analysis between rainfall and
psyllid populations showed that when the monthly rainfall was 0~25 mm (Dry), 25~100 mm (Wet)
and > 100 mm (Damp), the population numbers were 258, 344 and 295 head/100 shoots in north,
219, 404 and 311 head/100 shoots in central, and 244, 435 and 355 head/100 shoots in south. The
population of Psyllid in the three regions showed the trend of Wet month >Damp month > Dry

month. The results showed that the resistance ratios of the northern and southern psyllid



populations to imidacloprid were 38.80 and 21.47 respectively, indicating medium resistance,
while that of the central population was 94.51, indicating high resistance. The resistance multiples
to thiamethoxam in the three regions were 4.04, 3.91 and 1.64, respectively, indicating sensitive.
The resistance ratios of northern and central Psyllid to chlorpyrifos were 48.09 and 50.79,
respectively, with high resistance, and the south were 14.25, indicating medium resistance. The
resistance to cypermethrin in central and southern Guangxi psyllid populations were 70.71 and
60.48 respectively, with high resistance, and the north was 17.25, indicating medium resistance. In
conclusion, it is recommended to rotate the application of low-resistant insecticides in the field
and control the population as early as possible before the main occurrence period of psyllids.
Key words: Diaphorina citri; occurrence; temperature; rainfall; resistance; resistance ratios

M A B\ Diaphorina citri J&1-3# H Hemiptera A E Bl Psyllidae, &M E# WK (Citrus
Huanglongbing, HLB) W EALEFE A, HArC) 2 om TERE &R, 6. M. .
nH S RS X, P EEE @R E (Leong et al., 2022). fitiEARZE
ik R, AR IR RSB R AN (Milosavljevic ef al., 2018; PRIEHS
T, 20240, AUk, AFFEXARREFERERAR (Eai#kss, 2021; Aidoo eral., 2022,
WAhiE, WE R AR 3 DO REN, 2 S A 8 . 9 A GHIUI, 2023);
JUARMEMMIXOR R 3 SO E RS GEFFSE, 2020); ORI THIX, SR, AT
fam b, AR AR 3 A EE, A S AL 7 AL 8 A (BIEIESE, 20200, L4
KEEE EERFFEETHR, MR ARE AR EREH M CART ) — 4 5~6 48, 2IBLAER 9~10 X, #
DX EEA 11~12 0 CREFT, 202D, J7 XA UERAEZE B, REKRERBLEIR,
R PEAN R AR SR AE R ) R G AL AT T80, ANA T e & B PO AT ™ X R
B\ 5 MECLAT R 12 R S PR AT A7 ST (R S A

MHE s M ERRIG B7pik, ok B B8 MR . RERR . PR AR E
() “ =t ” BUREATR % G2, 2023). TITAER, B &R A A B,
AR EGLG M ER T R 7 MG =) X — K&y (Chen and Stelinski, 2017; Crossley et al.,
2022). HERIE, VLTS, KR F5 BT ERS UM RS (5 E0N 128.36~308.82, XTI
BRI R EE 13.62~25.92 CEHIFF A4, 2022)5 T 4R 5 PRb X AC VR R ) 18 g L ik
WA e R SR A R (K UM A5 2800 9 1.68. 5.89. 2.44 CREELESE, 2021); [ FHMMX A
RPN FEAEIE L Rk RS TR e B T A5 E B O 21,66+ 12.14. 6.83
M 425 (WIS, 201200 HAT, AP, o8 A R DOR BT T kiE b,



T 1 FAAN )77 DX AR O 8 2500 (R BB B 2, 0 &7 Xl GE B 2 B 42 07 VA B3

JPE R B — KA 2 X R R AR EUA AR B EE R X, R 2 ) S o L IX A AN [ 7 [X
MIAR BB 5 58 A R il 5 e & E, et b A e« AT & 1R B
X A AR SR AR S AR KGO0, JF 20 B it 70 2 Bt XA A U A R
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THRBENHIVEEFRIRZAC, WIERMH A& B0 AT 2022 4F 7 H 730K B A
R BT M 28 B P LU AR AT g 7 i i ns X R R A el

BER 2G50 AR A AR, 90 95%E Bk (Imidacloprid ). 98.5% M Hi &
( Thiamethoxam). 97%#:5E#% (Chlorpyrifos) 1 96.3% s X A F 4l (Beta cypermethrin),
BRI6: 2477 X545 P DA P Y VRV A
1.2 F&

12,1 ] PH X P (A AH A7 A LA 2B 1 0 T

ARy, MACRIEE, ) AT RIS CEEAED. MM iR E (k) AR T
Mg X CHERE ), S I BCEARGRVE B SRR R 1 AN REAT 8 i, R4 SRl T AR 7
0.07 hm? /it o R 5 RBUREE, B R BOR S5 ACH R 1 BRORB, SR BUR L B
Pa. b s ANTTAL, AL B 3 RESk, B 1A IRE K, DR AR EUR R A
HHE CREN, 20200,

1.2.2 A AR BUIEIUE

SGHHE HE R G REEEE PO (https:/data.cma.cn/)) BAT, Gt IR LB AR H
PRSI Himin . HaRiREZ . HEKE. HBEREDZARHEN 025 mm AT 5.
25~100 mm J¥EiE . 100 mm PA_F e .

1.2.3 7 U XA AR A Sl e 24 0 2

PAP B 92 0, 23 ) BB X 24 700 P PR At ke 19 BHVBE, P PR R R B 50 R 182 (3R
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S JE R NEEHKIN 1.5 mL B0 A, B3 B DO e o, SRR E 24 S s
JEEUH BT B3 mL X R EE 259 T AL TR R FE A (20 x 100 mm) 1, RETEH IR
B3, MR, AT A AL I U A A ON . RN 10 AT A
Jl R, 20 A O, BEAL PR T 3 O R B I 1S KR T8 ION AN L UBAR o, MR B2 27°C+1°C,
TBFE 65%+5%, YL : D=16 : 8, 24 h Ja RISt A H A0 T %

x1 HRRE

Table 1 Drug Concentration

A& H5) Insecticides W (mg/L) Concentration
ik Sk Tmidacloprid 0 1 5 10 15 25
1€ t I Thiamethoxam 0 0.25 0.5 1.0 2.5 5.0
#AEW Chlorpyrifos 0 15 35 50 80 100
A A F S Beta cypermethrin 0 10 15 30 50 100

1.3 BuRSH
K H Excel 2021 Gt it 70 M A R B MR A SR AL L, SPSS 23 B AE 7 M i 25 1 s
Probit analysis THEMMGEARBSTZIERE A BIATTHE, JEHRHBEETRE (LCso), HiltfEEk
(Resistance ratio, RR) =FH[AIFFHE ) LCS0/BUBAIHRER) LCsoo FLIEKT- 70 ZbritE Ny RR<5.0
U 5.0<RR<<10.0 AR THIPE; 10.0<RR<40.0 {5 425411 40.0<RR<160.0 154

FAEPUE; RR>160.0 £5CA AW S HLE CBHBFH %%, 2022).

2 HRE5PH

2.1 TTAMXMHBAR L EHE
201 R SR BUR A TE DU A A

FEEAE Z I FVEE R FEHAIX 3 A 12 A A B\t R A b, R 39~63 S/
FHHREEN 0, ATHEESICT 19°C; 4-10 HAREFEEREWY, FEEEN 128-643
/AR, AR 27434 /AR, AR ET 18.7°C (£ 2. 3). HR X
12 B ARERR AR, Rl 83 Sk/ahy, ARy 0, AFEHIRAER 13.3°C; 3-11
HAARREZRA, By 136~860 Sk/E 1Y, & MR 53~546 L/EHE, H-TFHiR
JEAE 20.7~29°C I (K 4); ity R REZE. s i X I B 55 R mUR IR R A1 LRI
3 AN XA R B R K UL AE 19°C 2 A

RN fEgE. S X AE 3 MARRR A g, Hrh, R)IRIE 2 s ITE 5
Hy 8 A 9 H, FEEECE AN 472 S/ 629 Sk/EHH 376 Sk/FIAHAT 643 /A
561 Sk/E MRS 350 Sk/E A, # ARSI 200 Sk/E R 434 Sk/ETRS. 203 Sk/E AN AT 231



KBS 330 Sk/E L 180 Sk/E A, HATIYIREE Y 21.1°C. 29.4°C. 28.4°CH1 22.5°C., 29.6°C.
28.6°C; FERIMBIXUEMIE 4 . 7 . 8 1, FEEECRE N 601 L/E A 395 /M. 860
K/, ARy 208 S/ 184 SK/EE. 546 S/ AE, HAFEIRIE Y 22.1°C. 29°C,
28.4°C. FERgHLXEAESL . LXK BUR AR iR ar 1 M RAE (GR2. £3. £ 4.

T2 202 F R BEEFEBETHMARALERER

Table 2 Annual temperature change and psyllid occurrence in Lingchuan County in 2022

JSFBIRIE (°C) AR ERE (°C) FRARIRE (°C)
R FhfEHiE (head/100 shoots) A7 I (head/100 shoots)
Mean monthly Monthly maximum Monthly minimum
Month Population Number of psyllid nymphs
temperature temperature temperature
3 63 0 17.1 30.6 8.1
4 248 165 19.5 31.7 9.3
5 472 200 21.1 31.1 10.8
6 164 29 26.0 34.4 252
7 244 119 28.8 37.7 25.0
8 629 434 29.4 38.9 252
9 376 203 28.4 37.9 25.0
10 141 27 227 36.9 13.9
11 160 73 18.7 31.1 1.6
12 42 0 9.3 19.6 1.1
N=| haiy - =
®3 202 FREFESFRETUMARALERTR
Table 3 Annual temperature change and psyllid occurrence in Luzhai County in 2022
HPEREE (°C) HEGERE (°C) HEAGEE (°C)
A P #it (head/100 shoots) A7 I (head/100 shoots)
Mean monthly Monthly maximum Monthly minimum
Month Population Number of psyllid nymphs
temperature temperature temperature
3 47 0 19.0 30.5 9.2
4 128 63 209 31.8 9.4
5 643 231 22.5 32.3 13.0
6 161 48 27.0 33.7 22.1
7 302 127 29.3 374 24.3
8 561 330 29.6 392 24.1
9 350 180 28.6 37.5 214
10 257 85 24.1 36.8 16.5
11 181 91 20.2 31.5 42
12 39 0 11.0 219 3.0
R B 7 AR N o
x4 2022 FRIBXEFRETUMARLERR
Table 4 Annual temperature change and psyllid occurrence in Wuming County in 2022
ERRI GO AR (0 HEAGIRE (°C)
Aty P4 (head/100 shoots) #5 MR (head/100 shoots)
Mean monthly Monthly maximum Monthly minimum
Month Population Number of psyllid nymphs

temperature temperature temperature




3 136 53 20.7 30.8 10.8

4 601 208 22.1 31.9 11.0
5 368 145 23.7 325 15.0
6 302 116 27.8 34.7 23.4
7 395 184 29.0 36.6 235
8 860 546 28.4 37.4 23.6
9 301 120 28.0 37.4 219
10 277 83 24.6 33.7 15.5
11 244 90 220 313 6.7
12 83 0 13.3 22.7 6.2

BESAKAMBERRELERIT S ERE R, RNMELESEE R EE FEMK
(P=0.047), JFEZEREE(P=0.081)FN NS FhE(P=0.104) % & 5 iR E AR B IEAHSE, (EAHCIE
ANEZE (B 1D.
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Fig.1 Regression equation of population and temperature of citrus Psyllid in different regions of Guangxi

HE: A AU B, A C U5, T Note: A, Lingchuan: B, Luzhai; C, Waming. Same below.
212 PERE SRR A KT
o SE R VT B R R R BRI A 2R, AR SCEE RO M R B SR A CH 3R
FER T4 SR A6 B IAT T SR ER, R)IHX S4ERER £ EEDLE 3-6
Ay, HEEREAE 128.7~886 mm Z[6], M1, 4 H. 5. 6 HNeFREm&EEN, HER
E50 N 378.1 mm. 543.9 mm. 886 mm; 7-12 HPEM¥Ih/D, HEWELE 2.9-83 mm 2 [H]
(R 5. BEMXAEREWNE R EEPE 4-6 H, ABENELE 109.9~566.7 mm i, Hr,
5HL 6 NN L, HFERE M8 365.7 mm, 566.7 mm; 3 H A 7-12 F R
fi/l>, HFERELE 0.6~74.1 mm Z[8] (R 6). pUMg X EREM & FEEPE ST H, HEW
HAE 107.7~205.9 mm Z [A), b, 5 QRERMEASFRE, N 2059 mm; 3-4 JA7-12
PRy A/, HFERELE 0~93.2 mm Z[A] (£ 7).
AREFZERAME, RNEFEABHN9 A 10 4, ABEREZS AN 2.9 mm. 7.5 mm,
FRREECE Y 376 S/ FIAE. 141 SK/F R, P09 258 S/ diE Ao 7T L8 L 11 H,



IR &5 54 82.2 mm. 29.3 mm. 83 mm, FHEEEEN 244 K/ERE. 629 /A, 160
L/ER, PN 344 S/ ERS WHEHAMGIN4 AL S HY 6 A, HFEWE N 378.1 mm.
543.9 mm. 886 mm, FREFEE N 248 Sk/EM . 472 K/E M. 161 k/EAR, ¥y 295 K/
B, ARG ZEIONRIEH 6 >8EH 6> TR A rES (&5,

x5 2022 FR)IB2FRMEUMARLERR

Table 5 Annual rainfall change and occurrence of psyllid in Lingchuan county in 2022

RAENEBL
[EaH] Ay FhIE A (head/100 shoots) ABENE (mm) PR K E(day) KA (HFEM &>20mm) (day)
The occurrence of
Rainfall Month Psyllid population Monthly rainfall Rainfall days Days (rainfall more than 20 mm)
psyllid
FERAEM 9 376 2.9 30 0
+ 5 Dry
Major occurrence 10 141 7.5 31 0
period 7 244 82.2 31 1
R Wet 8 629 29.3 31 0
11 160 83 29 1
4 248 378.1 30 8
#}i% Damp 5 472 543.9 31 1
6 164 886 30 14
AEEZRAEW F 5 Dry 12 42 16.5 28 0
Non-major
)i Damp 3 63 1287 31 2

occurrence period

JEZETEHM A 10, 11 H, AMWNES A8 22.3. 142 mm, FEEEN 257, 181 K/
B, PN 219 /B IEAM R 7. 8 9 H, ABEWESHIN 44.7. 61.9. 63.3 mm,
FREEECRE N 302, 561, 350 Sk/E Y, XN 404 S/ERS; BHEHM AN 4. 5. 6 H, HEW
A8 109.9. 365.7. 566.7 mm, FREEEEN 128, 643, 161 k/AMH, P4 311 k/H
W, AREHCE R ONIRIE H > 8 H 6 >T R H A riEs (R 6).

Fo6 2022 FERESFHEMTUMAKALERTR

Table 6 Annual rainfall change and occurrence of psyllid in Luzhai county in 2022

RAENEBL KA (H BRI #>20mm) (day)
G| Aty BB (head/100 shoots) AW R (mm) PN RE (day)
The occurrence of Days (rainfall more than 20
Rainfall Month Psyllid population Monthly rainfall Rainfall days
psyllid mm)
T BRI 10 257 223 2 1
T4 Dry
Major occurrence 11 181 14.2 4 1]
period 7 302 44.7 9 1]
Wi ilE Wet 8 561 61.9 11 0
9 350 63.3 2 1
4 128 109.9 11 3
)i Damp 5 643 365.7 22 7

6 161 566.7 22 7




e FETR AW T Dry 12 39 0.6 2 0

Non-major occurrence
Wi ilE Wet 3 47 74.1 13 1
period

R X T2AM N 11 H, HEWEN 4.2 mm, FOEEACE N 244 S/ H4; @A 6N 3
H.4H.8H.9H. 10 A, HMEWEN 644 mm. 93.2mm. 92.8 mm. 55.5 mm. 27.6
mm, FHEEECEN 136 /EM. 601 S/FER. 860 S/FAY . 301 Sk/ERY . 277 /AR, P
9435 SK/EME: WHEAB NS L6 A7 A, HBEREDY 205.9 mm. 107.7 mm. 115.7 mm,
FREEECER N 368 Sk/EAH. 302 Sk/EME. 395 Sk/E MY, PN 355 /A, REEEEIN
T8 A > e H 4y >F 2 A rEs (R 7).

R7T 2022 FRBXEFEMTUMARALERTR

Table 7 Annual rainfall change and occurrence of psyllid in Wuming District in 2022

RH CHPERIE:
KA
[43t8) VEE FEESCE (head/100 shoots) HBEME (mm) PRI REL (day) >20mm) (day)
The occurrence of
Rainfall Month Psyllid population Monthly rainfall Rainfall days Days (rainfall more
psyllid
than 20 mm)
F5 Dry 11 244 42 2 0
3 136 64.4 10 1
4 601 93.2 10 1
FERAEM HiE Wet 8 860 92.8 17 0
Major occurrence 9 301 555 9 0
period 10 277 27.6 6 0
5 368 205.9 19 3
T Damp 6 302 107.7 13 3
7 395 115.7 13 1
AEEZRAEW
Non-major F5 Dry 12 83 0.0 0 0

occurrence period

PR S AR BRI R R M AT BN, R (P=0.707). JE%E (P=0.887). &
g (P=0.490) MEEE SN EMCHEALE (K 2).,

800 1000
600 ° 800 *
[ ]
° 600 .
400
A ;# 400 /./.
° 200 . 200P * *
hd °
400 600 800 1000 % 200 400 600 % 50 150 200 250
B2 T TS [R] b X R A A B 2 P T 11 [ T



Fig. 2 Regression equation of citrus psyllid population and rainfall in different regions of Guangxi
AREFERAEMR, Ao, Hd . B =T R 0 AR B AR T8 240 SL/ERY,
TR AT 1000 402 S/ R, WHE A T30 320 Sk/E RS, SRIUOVRE H 3 > 8REH 5 >
FRAMES, H=FmLEEEER GR8).
xR 8 =EMUXATEERFRABARRAMBELRE

Table 8 Population of woodlice in three regions with different rainfall levels in months

G| AREHE OREEZREWD (head/100 shoots)
Rainfall Psyllid population (Main stage of psyllid occurrence)
F Dry 240 + 40.052 a
HRE Wet 402+ 68.688 a
)i Damp 320+56.193a

s FZIARFE TR %82 Duncan [GH LM ZE 2R IGTE P<0.05 /K P % 5753 . %A, Note: Data were mean+SE. Different letters in the same column indicated
Significant difference at P<0.0S level by Duncan’s new multpl range tst. The following table was the same.
22 TEAEMXHEAR R

A A BT R P2 PER I 45 R R (R 9): BUERFHEE. R REZE. sng b
) LCso 24 0.33 mg/L. 12.88 mg/L. 31.38 mg/L. 7.13 mg/L, JEFEMBEN LCso BEH T
FURA B ATRS B R, 175 R B C B3 2 5 REZEREFUMERS BN 94.51, S hitE:
F)NFTRMS F I HTE RSB0 5 38.804 21.47, H A agtt.

AT A B e RUBR I FL 2 PER I 45 R Bos (R 90 BUERRHEE. R REZE. sy Fh
K] LCso 24 0.52 mg/L. 2.10 mg/L. 2.03 mg/L. 0.85 mg/L, R JIFHEER] LCso i35 5 T
AR, TSR, RO EE 2 R RSN S Ah R R K i 4,04
3.91 Al 1.64, HLikEZo 2 .

FHATR A L 22 ST L 24 AR T 485 SR S (3R 9+ RN RIE 28 HUR Y LCso 235K 71.75
mg/L. 7577 mg/L, & TR AJE (21.27 mg/L) FBURFIEE (1.49 mg/L); R )IAE
FERNTERIPUIE R B 48.00 A1 50.79, B ym bk, ihEn dURK SR ECN 14.25,
J& T KT

FHAR A UK e RGURR BR I FU 2 MR M 5 S BoR (R 9 RE AN s LCso 43 1
79 46.60 mg/L H139.86 mg/L, W3 & TR )IHIE (11.37 mg/L) FPURFHE (0.66 mg/L);
JRE FE AN R S FhRE B L A5 500 B 70.71 1 60.48, Byt R IR R R RO
17.25, J& T gk,

SERFRWY, )N HET AL sk E SR E SRRV R A A, e R L AR



U B OB w55, RS HRYSNT e R AR, Ser ik bk, AR e R A TR
AEAFPUE, BRI Sk S A0y Fr e P s L e SR B 0 D U
rr AU, AT L) AN R DR A R El T 2 M 22 UK . A BB VR ARG AR IR 5 it H
REFPUMER BGR, RmBA R

®9 TREMEMEARMEXENAETMAMN

&

i

&

Table 9 Resistance of citrus psyllid populations to conventional agents in different regions

95%EIE X bRk H EARESIE S
o Ul T P1H R75
LC50 (mg/L) 95% Confidence Slope + standard Degree of Resistance
Insecticides Population P value Chi-square
interval error freedom ratio

TRURANR
Sensitive 0.33b 0.22~0.43 3.44+0.84 3 0.99 1.84
population

Ttttk R
12.88 ab 6.70~53.17 1.21£0.71 3 0.95 0.37 38.80
Imidacloprid Lingchuan

£
31.38a 16.43~265.45 1.28+0.72 3 0.92 0.89 94.51
Luzhai

Y Wuming 7.13b 4.82~13.37 2.39+0.83 3 0.65 1.68 21.47
TRURANR
Sensitive 0.52b 0.38~0.86 2.90+0.72 3 0.99 2.45
population

R
M rh 2.10a 0.96~4.11 1.32+0.67 3 0.95 0.33 4.04
Lingchuan
Thiamethoxam
g
2.03 ab 1.35~2.92 2.61+0.82 3 0.72 1.34 3.91
Luzhai

G
0.85 ab 0.42~1.20 1.84+0.72 3 0.93 0.44 1.64
Wuming

TRURANR
Sensitive 1.49¢ 1.25~1.71 6.90 + 1.49 3 0.96 3.79 -
population

R
L2 71.75a 55.49~112.39 2.82+1.30 3 0.77 1.79 48.09
Lingchuan
Chlorpyrifos
£
7577 a 61.28~107.57 3.59+1.43 3 0.81 1.56 50.79
Luzhai

g
21.27b 17.39~24.46 5.87+2.84 3 0.55 2.15 14.25
Wuming
TR
Sensitive 0.66 b 0.48~0.97 3.00+£0.73 3 0.95 3.89 -
R E S B population
Beta cypermethrin RN
1137b 3.73~17.91 2.04 +0.99 3 0.90 0.55 17.25

Lingchuan

7 46.60 a 36.16-64.38 3.61+1.11 3 0.90 0.56 70.71




Luzhai

o
39.86a 27.04~68.00 2.12+0.90 3 0.69 1.51 60.48
Wuming

3 ieSitie

AT, AR BAFAE— R R AUR . (19°CEAT), A PRIRE
R TH3 mURBER, BRI T 100 Sk/EAY, TSR & T4 rUR RS, FhBEECR TG
PRI, EIaE % (2013) BFFURI AP FEAE 15°C UL R B B JUBHEE 2, 296)
SPEYJIRE 20°CHE AT I T R REG 3 o5 . ASHIFFTAE R 5 A0 NG5 RIEA — 3, WA 2 7T e
RNy« A R R 2 80 AR A U A HIR AT e el HJR R4, A B Tt
JEHIRIB SRS . Bk, AEPE b, g@ucEEdL. HEAE 4 AT, BERTE 3 A3 2 1 REL
AHEHE, DV ROREAR B A ER RN L. B ER ORI, HEdb. HRX s L 8 AL 9
HARARREREER, ERN4 A, 7H 8 A, Stk B XA AR AE & W 5 0 5
Wadz, JEIRATRE T B, b dUREE, Il SR S A B R K -

IKOERN—FEE WA EE 7, BEEEmERMAERKKE GEEBRREE, 201D,
AWFFORIL, AEARREER AN, Bt bR R R ERR A 2 2 R H 0y >
R H 6> T2 A sy, WIEA S RS S AR BB AEK 74, BRI
RRAEREN (Andika et al., 2019). ABTFEAI, HALHIX FERSENIE 4 H. 5 . 6
H, PRSI E s A, 6 A, HEMX 5 ABNEZ, WERTAREZERAEY, Ji
52 R T X 24 A B Y R RIS, A ASCHE B G v W T I TN ORIV 0 B, PRI il B, DR
EPEE .

TR 2R MR A BN R BRI M e i B ik, S R SE PR S LB, AT
FAF A B R BTZG PER I (Naeem ef al., 2016). AR “RM L+ L Mgk
ETNERINE], HEAb. B Hpg XK B A F A A A AR 2 R, HAEEAROR
FFPHEXT TSR0 . Mt B E SR BT RS BOROS  #4E (2012) (RIE 3T 2~3
5o ARG AN E = X 257048 FH R SRR A S8, @0~ X R G R B, £
WEDTR T, BEEBTIA AR .. RN, X SR AN R 2R AR B, (B RE A
A FLME R R AR

gr b, FRT VEATAE = DX AT AR A BB 4% J) B, K B R SR A B, R
A BEAEA BV R S R 2 i P B S 55 RN, 764k 252 7 T v 3 R e it PRI S 0 v o e 77,
R i B4 RO S TR AR Y R BRI I G2 MG AR B2 VA7 AE SR BR M, SR SR Tt — T R
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