IR R 2022, 44 (6) : 1502 — 1509 http:  //hjkexb. alljournals. net

Journal of Environmental Entomology doi: 10.3969/j. issn. 1674 —0858. 2022. 06. 20
HA, AR, BRidgE, dkd, KRR, B, (LA 40 OO B T A B S e RBURMEDE Y [T]. FRETR dtdR, 2022,

44 (6): 1502 - 1509.

\’é]/

dABIRIRERE ST B E=E L BREMR R

AL KRBT, A, AL, REET, DA, mag
(1. PRI KR P SRR 5 2R e BRI BB R T 505, L) 650224
2 PERIARML KA B P HTHBIX A S RE (R 7T B ML A S0 % L) 650224)

FEE: 2L KWL Solenopsis invicta JEHHF T B EMIR I FIEHPEM AR E R Z —, XAl A2 e, A3k
it LA B N RREER 1 T BB o Sy i X £ K R B0 1 o S LT, AN BT 93 3 2H 40 B 1 X AR TR
MEL K WOHATBURE /388, G5 G IETE RS2 Ko 1A ) 5 0 J 0 X o it L T A 2 O >R 8 25 1 1 9
SURALLIBUECT Sy G5B IHERGLE I 1425 1 3 B EUEC 8 HHYSFIOL. HHYSFJO2 Al HHYSEJOS,
NN St B Aspergillus nomius~ VR4 BF Purpureocillium lilacinum FIERAE = F Beauveria bassiana. R
T5E, 3% 3 s S X2 O A Bl Eom v, B 3 ORI R BOR MM 22 5 B 2. 4 1.0 x10° /8 F/mL 48
FEIPVETILT O 10 d 5. BRI B b HHYSFIOS S0 KRR 20 A BT LA B I FE T
84.71% , LTs,2h 4.67 d; £122 %R bk HHYSFIO1 HIR 540175 % iR bk HHYSFI02 2, 21 T MU IE AL T
2301 78, 82% F173.29% , LTy 43 4.99 d F1'5.20 d.

KEEIF: LLKBG WRIEEE: R BUR

FESES: Q968.1; $433 XHERPRINAD: A XEHFS: 1674 -0858 (2022) 06 -1502 -08

Isolation, identification and pathogenicity of entomogenous fungi to red

imported fire ant Solenopsis invicta

XIAO-Yue'" , ZHANG Jin-Hua'" , CHEN JianXin', HONG Yong-Sheng', ZHANG Dong-Hua'**, MA
Huan-Cheng”, WU Jian-Rong' >** (1. Key Laboratory of Forest Disaster Warning and Control in
Universities of Yunnan Province, College of Biodiversity Conservation, Southwest Forestry University,
Kunming 650224, China; 2. Key Laboratory of Biodiversity Conservation in Southwest China, State
Forestry Administration, College of Biodiversity Forestry, Southwest Forestry University, Kunming
650224, China)

Abstract: Red imported fire ant ( RIFA) was one of the most destructive and threatening intrusion
inspection and quarantine pests in the world, which has a huge impact on agricultural and forestry
production safety, public facilities and human health. In order to screen for entomogenous fungi that were
pathogenic to RIFA, in this study, the tissue separation method was used to isolate the pathogenic

bacteria of RIFA that naturally diseased, combining pathogen morphology and molecular biology methods
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to identify entomogenous fungi of RIFA and using the spray method to determine the pathogenicity of

RIFA entomogenous fungi. The results showed that three strains of infected RIFA parasitic fungi
HHYSFJO1, HHYSFJO2 and HHYSFJO5 were isolated, namely Aspergillus nomius, Purpureocillium

lilacinum and Beauveria bassiana. Pathogenicity determination showed that all three strains had strong

pathogenicity to RIFA, and the difference of pathogenicity among the three strains was significant. After

spray treatment with 1.0 x 10® conidia / mL suspension for 10 days, the strain HHYSFJO5 was more
virulent to RIFA than other isolates. Strains HHYSFJO1 and HHYSFJO2 were slightly weaker, the
corrected mortality rates of RIFA were 80.00% and 74.44% , LT ,were 4.99 d and 5. 20 d.

Key words: Solenopsis invicta; pathogenic fungi; isolation and identification; pathogenicity

21 K WL Solenopsis invicta Buren, 3 J& ¥ H
Hymenoptera I #} Formicidae K B J& Solenopsis, [
PET RN, — T BB IR T R R M 1 A
K u R e FE i ( Allen and Buren, 1974; Pitts et al. ,
1990) o ZLKMUAA WA BHiRE o, HNT
W N7 T W e 2 55 e A e PRI, XA
IRARRE . A3z 4y AObRME A 77 R A 28 B 5 A i
" e (XIBUZE SR, 2005; W is 5, 2013) o
2004 4E9 H, ARSI R R BRLL KU
XA T LD R I KGR FRE (572455,
2015) . 2005 4F 1 A, £LJOped HIE 5108 A
et R ( EARFESE, 2005) o HAT, 21K
Bt M Tk 2= 2450, B Ak 24 500 1Y R i

S GGG, HIARR m, [6) i 2 6 AR
MO ORI 3 SUBIR (R ABTZR A, 2009) o B
IR W EA G55 R AL FRAS
PUPESEE A, ROk B 2 1 ] T A Y B
HEE (XFkK, 2017) .

Pl is, [ AN TR B 6 21 KU Y
EIFEZA, HIREIE Beaweria sp. v U7 % &
Paecilomyces sp. « 2L & Hirsutella sp. VL N H-5F
J& Conidiobolus sp. 1) — L& B F X L1 KWL — &
AIBTIAZCR ( Shah and Pell, 2003) o 7EREN, HitH
KFFEEM, BRALE R B. bassiana. REMF
% P. lilacinus ( Thom. ) Samson Fl4:f T4 1EH
Metarhizium anisopliae X} 21 K W T. WA — & B 20K
71 (B fEfE S, 2009; B HIAE4, 2011 F &%,
2018) o JAE[E AR LL K I 5 DR L DA R A A G
MRS, E AT B B s it v B U B A B
SRR I b, I T B U D L T B TR £ K
WA T S0 AT 2 XER, AR SRy AT T Kk 3 B
L 7R A= 7 o 00 A E B R, R 3 O 2T K O
T3 (R TR PR T Ry B H o D L T T N A B
Hehif o

AWETEE AL 7 A SRR AL T4 KOO T
KHIE S22 00 A ) A AR 3 5 Bom It b A7
EOW R A BORPEINRE DL X 20 K A
B BURTE R IR, B A R AR A K
IR LA -

1 MRl5RAE

1.1 #iRENRERSS

TE A B AT 43 e X 78 R MOl K2 5 L
AR R=AME. B YR. Ak, &0 &
T 0 1 T B bR R R TR 2T OB, O B
FYFEAERE, JRFARRIC S SR AR 4T JC M fl B Lk
Kowse itk 2R A R4 (20060) 45 EAEEN
SR e BB X AU AT OO0 R iR AT 0 B R
K AACRAE -
1.2 BEHSBER4d

KA ETC (2003) HE800 Bk b 1740 KL
BURHE I8 SeH 75% ST ve 21 Kk B
&5 s, SRJGH 0. 1% FERE WO BURFHIHE 2 ~
3 min, fefi FTCHE /K08 btk 3 . R &7
BUR . KB R 20 SOl iR 3 k. B ]
ANFEFRAL IR 22 PDA (54855 200 g, fi4)
BE20 g, R 18 g, ZRIE/K 1000 mL) 15 FEIAFAR
b, P25 CHEBERFA PR dgikm K
W22 J5 M R B ) PDA Bk, T 25°C #5
FEA IR S, EE AL 3 WEHEM T PDA i
ERNE, RE RN T 4C kAR IR AR
1.3 faif B i T Bl 2 08I 1K 36

PR RAE PDA SFAR LG A5 S% 10 d, R
KA AT, HiGE 0. 05% ik ii-80 78
F/KEWE T, FChl oy 1.0 x 10° fi1F/mL 4
TEIF . TESBRR OO 5 IR K b7 ki by, s
A TR 1) 60 8 7 YR FH 0 5 4 Al 81 4 B 1 1k
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WCTARZE, L 0. 05% i -80 1) JC 1 /K %5 i Ak B
LT TR XT IR, B AR5 B RR R0 30 Sk filt R
ST, R ARTE 3 AT B S 4
KOO EBRR L FH G B 0 AR o G B 7K AR
PR AR o6 55 0 5, FEAR E L FLECS N LI R
B 2SCHEREFRFAMNEEE 10 d, &R Ea g
US4 TR AR T 2T O T W) SRR e L 7S . o

e BT A 21 KOBUR SR A K5 T 22 A= K
FHICTR 2 20 DA SBREAR A S T 22 B 200 K AR
RIKBUDVF 22, BH:5) PDA BR3P M b, &
T 25 CHHEGRA DR, FRINEZLER®
B PDA Kigr sk rp b7 alifb . ¥ alifb s i A5 5 ik
FATR G0 [ 0 TR R HE AT TR SRR AR L X, 32 T 4 A
15 15 H PR BRI R A2 75 A 20 OB i T
1.4 HREHRBEE
1.4.1 JEARFEEE

KA (1998) B R KL, TEOL¥
T TSR AR B 22 7P A5 K A3 48 T I
A, FERDREREFIEFTmEE. BA, fidsk.
S SE (1979  (HEEEEFM) #GES
YT .
1.4.2 pFEYSE

WPk DNA 4G RbRIG I RS, PRy
0.1 g WZZMATH 1.5 mL .08 N, WEEK
S BF B RS R, SR A T Ezup A 20 3 K 41
DNA IR A & (4= T AW TR A R A,
i) R HBCE B A DNA, B R R AE T
—20°C % M.

rDNAITS J7 51 () 4 55 A1 g DAL i 0 7 A
DNA g, R FE 1 18rDNA il F 5[4 ITS1 11y
Bl 3L ¥ %1 5°-TCCGTAGGTGAACCTGCGG3”, ITS4
(88 3L 2 51 5°-TCCTCCGCTTATTGATATGC 3 3 17
PCR §" 1, PCR X M f& & (50 pL): ddH,0
20 pL, Mix 25 pL, EM5IH L5 wl, w54
1.5 pwL, DNA 2 uL ( White et al. , 1990) . JZhi4k
A 94CHIALE 3 min, HEALDLTIER: 94°C AP
30 s, 56°CB K 40 s, 72°CHEMH 50 s, fEF 35 ¥K,
)5 72°CHEM 10 mine PCR =28 1% BilgtBEI
LUK D 5 % B WD A 5 A W R A PR W) B
DT -

STFRGRE e XU 55 P S
1F NCBI 4 2 h 4T BLAST b X, #EHL GenBank
] P PR A 0 R AR P A, H MEGA 5.0 Fi
ClustalX 1. 83 #{4i:47 2 155 LeXF 438, DKl

SR ( Maximum likelihood, ML) W& RZRFHE AT
#, Bootstrap i '# 1 000 YRE &, LUK K H Al {5
( Morales et al. , 1995; Eapen et al. , 2005) .
L5 BEHRABERENE

K bR ] 4 50 UE J5 00 1 Ry 21 U D L TR
[ FEARIC 1A 1.0 x 10° 48 7 /mL 46 7 B IF . R
FHMSZ2 RN KL, BERR A5 TR R0 30 S il e
ZLKBCT AL, L O. 05% ki -80 114 JC T 7K ¥ v Ak 3
LT T Ry %k BB, ) DA A e 2 /K 10 A 3K
BELALBE 3 P17 B BBM M SRR, M
i LB N FLE AR, BT 25°C [H iR B IR A
10 do F5 24 h WLEREL IR B s LT 10 SR AE T2 1Y
LLCECRE, BRI 3 K.
1.6 HiEAE

ARAEAR R AT LL BT 10 d Y R o
TR LR AL IESE T A, 1 ] SPSS 20. 0 SEit43
FrCRT Excel FEATEURGETT Ko, THEET K UEL
SEFRI LT, K 2% B0 bR AR A7 B 5 7 -

T (%) =501 B8/ g x 100
KIESET R (%) = (AEPHASET R - X}
HIETR) 1 (1 - XFRAIET-F) %100

2 #ERE5SH

2.1 AXRWREERERNS B

SR LA 53 8 36 W 20 JOUB0 B AR R AT 43 1
gl , MNZT OO B8 dUiA - 35 B 15 51 6 BRI
W, TBEEE RN 6 bR, SN E S 7K
Mo B FEEERE AN (WD) o
2.2 FHRRRYEEELGIE

ZEIRE, BTN 6 tRERY, A
3 Fk B 1§ HHYSFJO1. HHYSFJO2 F1 HHYSFJO5 fig
8 BT R YL R R 2T I, B B BOAE AT K. 42
Fh 10 d JL0 KBURBIET- % (WL 1), HAmg
Hik HHYSFJO1. HHYSFJ02 &% HHYSFJO5 k&
TR BB R AR A K2 KBET, AET 3R 44
J5 80.00% . 74.44% FI 85.56% , i IH Ak
HHYSFJ03. HHYSFJO4 F1 HHYSFJO6 X £1. & B TG
B 1. K AR UL £ KO BUR BB A 8 R
HIRFRHOR Y SRR 5 R Fp i bR A .
w4t B F 0, B Ak HHYSFJOI. HHYSFJO2 FiI
HHYSFJOS5 25 M 21 I3 9 J5 LT
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*x1

NBERBHERAES REMEZ

Table 1 The isolated strain number and its species name

RS (ES

Strain number Species name

YR RHIE

Identification of characteristics

HHYSFJO1 EARC Gl WyERIRE O EREE 0, 20K, AR EG AT E AL
Aspergillus nomius T BLI0RE, JLABE R 40M, /BT
HHYSFI02 REH R WEMR A BN, ERE, WALHRM, MRS K, Ik
Peacilomyces lilacinum Bo AT A RARIR, WIRTE.
HHYSFJ03 MIRBE RS, Kigt, HREGHETRAESAT, WEWLHE, TH
Mucorracemosus B,
(G I s . ’
HHYSFJ04 Penicilliumfrequentens R H SR, AR A IR R, R ERIE
HHYSF BRI R WTEE . S0 T T I @, 77 A0 MR R, Jr A A T
JO5 . . .
Beawveria bassiana BRIE o
HHYSFJ06 ks AN KBV FEHRIY, BRAni 2R, 404, TIgndde, HE 5 HE
Fusartumoxysporum W, 2R3 AR, B4 5 PR,
bR HHYSFJ02: [ ¥ IE 11 5% K (0, 5 °F- 44
100 - s
T LN TH S RGN RO U a SR (AR U N 1] 70N
Z 80t gl BHATRAURA BN 1) 73 A sl 58 2R o0 ks, A At 1
E AR, P .
< T Bibk HHYSFIOS: B9 01165, 3117 (ki 2
Sl 6, PEREA. TP U (SR B s A 0 T
E M/ NECE A5 S, o HE AT EROE UL ERIE -
20F R LL PR SMEEE RIS BB (1979)
0 o , G L), BHISE B R HHYSFION 27
S S GENAEC 4R HHYSFIO2 Y0¥ S 0155 EC

T FR 45 5 Strain number
B 1 AR ORI E0% T
Fig. 1

2.3 HREHREEER
2.3.1 JEE%EE

D <7
N R

Pathogenicity of different strains against workers of RIFA

R HHYSFIOS Sy 3R A0 LR EC A o
2.3.2 prAEYEsE

LI 4y B B Bk HHYSFJO1. HHYSFJO2 i
HHYSFJOS 73 51 F1-5 HAAH 5 9 3 2 1 ok R ] PAUP
O THRIHIER RGE KB . Bk HHYSFIO1 52745
A% ( GenBank accession No MK952280) HRAETE[A]
% b (E3); bk HHYSFJ02 55k 484075 5

W8 5 Sy £ K0S 5L TR I Ak HHYSFJOL
HHYSFJ02. HHYSFJO5 2 fil 7 PDA £ 3% 3t |- &%
Fe, WP KR R R AR S WS, TR PR
HHYSFJO1. HHYSFJ02. HHYSFJOS J& 7 % 1F
(K2 WF.

Btk HHYSFJO1: B v 1F T ¥R 5 (0 2 ¥ 48 {4,
B N I AN BB AS IR, TR TR 22 50K, B IR
B{EG WEHFHEREE G, FARBIIR S
SRR FRE B T HEKR T, oA 5
JIERIE . BEAS I e S KR

( GenBank accession No KY290544, MK952573) %
EAER— oy B (K 4) 5 Wik HHYSFJOS 5Bk
/B ( GenBank accession No NR _111594) Z¥
HEAER—2r % & (FE5) o Bootstrap {H KT 70% #H
YFGH MR 95% , — M 75% L L BIA 2
A AEHY

BRI, 456 3 PR BR AR B IE B S 4548 FR1E
K tDNA ITS Jp 31 f 73 #r 45 2R, % E Wk
HHYSFJO1 b 21 %% i %, HHYSFJO2 ik £ Hl &
%, HHYSFJO5 ARy R -
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B2 Fikk HHYSFJO1. HHYSFJO2 % HHYSFIOS i 4% 45 5 7= 45 #
Fig. 2 Colony morphology and sporulation structure of strains HHYSFJO1, HHYSFJ02 and HHYSFJOS
A, FEkk HHYSFJO1; B, Btk HHYSFJ02; C, BE#k HHYSFJOS. Note: A, Strain HHYSFJO1; B, Strain HHYSFJ02;

C, Strain HHYSFJOS.

— Aspergillus nomius MK952280
5

L HHYSFJO1

92 LAspergillus nomius FR733821

Aspergillus bombycis NR131261

6
Aspergillus bombycis KC478548

£|:Aspergillus tamarii MN796090

Aspergillus tamarit AF004932
Aspergillus flavus MN533889
90
Aspergillus flavus KT310968

Penicillium cataractarum NR_158822

i
0.0050

B3 FT rDNAITS J¥ 3k g5 85 ik HHYSFJ01 JH
ISR R TN
Fig. 3 Phylogenetic tree of isolated strain HHYSFJO1 and
its related groups based on rDNA ITS sequence

r Purpureocillium lilacinum KY29054

88 Purpureoctllium lilacinum MK952573

—HHYSFJ02

r Purpureocillium sodanum KX668542
83

- Purpureocillium sodanum MK693445

Purpureocillium lavendulum MH864976

100 | Purpureocillium lavendulum MH864977

82
Purpureocillium lavendulum NR_166039

Drechmeria campanulata NR_155045

—
0.0050

K4 ST xDNAITS JPoUH 53 5 iR bk HHYSFJ02 K I
IEGRM R T
Fig. 4 Phylogenetic tree of isolated strain HHYSFJ02 and
its related groups based on rDNA ITS sequence
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Beawveria bassiana MK345993
90

HHYSFJO05
95
93 Beauveria bassiana NR_111594
Beauveria lit JN689372
88| 99
Beauveria lit NR_111678

Beawveria australis NR_111597
8#

| Beawveria australis HQ880789

Beauveria kipukae HQ880803
;{

2| Beauveria kipukae NR_111600

Alteria alternata AB470832
—_
0.0050
IS5 BT xDNA ITS JEFIRGE S B TRk HHYSFIOS J
SRR R B RKER
Fig. 5 Phylogenetic tree of isolated strain HHYSFJOS and
its related groups based on rDNA ITS sequence

2.4 EHRXHMERLO AW T AR
2.4.1 21K SR LR IR Y S A RE R

RS J5 1 2 K R B R R B T8N
RGE . UG e IR, FLAS TR) T MR 42 Y 21 kL
B E EASE (& 6) o Bk HHYSFJO1 %47
Yo O T WA AR W55 Ak, B fk HHYSFJ02 Al
HHYSFJO5 =2 LT KB AT IR G . B YL
SRR K —SE TR 22, Bifi 5 - W & FN A
LA AR, 2 KO K P 22 T
2.4.2 R E R KOO 1

3@ Ak HHYSFJO1. HHYSFJ02. A HHYSFJOS
XHEERELL KBTI EOE g (£2) , HJliA
[l B RRAL BRZL 53 B2 2 ) S 2 22 5% 0 76 1.0 x
10° 460 F/mL % Fh ¥ B R, Bk Al 9 48 B O bR
HHYSFJOS ZbBRLH LTy fe/l, Ky 4.67 d, 218205
Bk HHYSFJO1 AbBHZH LTy, k4. 99 d, Mkl
MR HHYSFJ02 4bFH4H LTy, Hy 5.20 do 2553
B, O TA] B AR T e 5 21 T A — 2 Y B0
P, AEUE I FAEESR, & AR EOR J1 i 2
KK HHYSFJ05. HHYSFJO1. HHYSFJ02.

K6 fHEREAL KT AN [ R PRI G J R
Fig. 6 Symptoms of healthy RIFA worker ants infected by different strains
F: A, ERk HHYSFJO1; B, Ei#k HHYSFJO2; C, & #k HHYSFJO5. Note: A, Strain HHYSFJO1; B, Strain

HHYSFJ02; C, Strain HHYSFJOS.

%2 Htk HHYSFJ01. HHYSFJ02 X HHYSFJOS 3H{gB sl A THWHMEFHANELER (104 F)
Table 2 Pathogenicity of strains HHYSFJ01, HHYSFJ02 and HHYSFJ05 on healthy RIFA worker ants ( after 10 days)

BT

Virulence regression equation

LT, (d)
(95% CL)

73 IR, KIEFET=H (%)
Strains Adjusted mortality
HHYSFJO1 24.00+1.16 a 78.82
HHYSFJ02 22.33 +0.67 a 73.29
HHYSFJO5 25.67 +1.45 a 84.71
CK 1.67 £0.18 b -

Y =2.169x -1.514 4.99 (3.85~6.31)

Y =2. 040x - 1. 461 5.20 (3.98 ~6.73)

Y =2.405x - 1. 610 4.67 (3.66~5.75)

TE: LRy oo 3 WHEE I = brfEDs ARVNE FRFRR2ZR 2% (P <0.05); LTs, A 50% £1 K ISET Jr it 1 i) H] o

Note: Data of LR,,, were the means = SE of three replicates; different lowercase letters indicated that the difference was extremely

significant ( P <0.05) ; LTy, was the time causing 50% mortality of RIFA worker ants.
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3 snSitie

RAURIRER BA % TR# . ANyt
XFEREE AU A5 A e BT SE AT R HU D TR (1) 2
FERT, AL AR EE TR A2 ok 58 S e TR A 5 2 3]
HAH R T FEORHA . Hitk, A5G
MR R S S 5L b, 456 04k
YEeorik b AT BUE A R S, s e 4
BT g . kA AR R FIIR S E A
T S22 ) 21 K WU R LT, FE LD KA W B iR
J5 T EAT RAF A R FH R S, T 2022 it 2 0 B IR A
ZLCRAR oy R, B AN (e

F H s Jirt L TR B0 ) A 1 A B TR PR BTG W
HEBEAGIRZ —, FET-F MR H LT, #/h, )
o fidan ( FEATE SR, 2020) o ASHTTE XS G G Y
3 BRZL K WO I B A T RO 1 AE , 4 3 MR
FURAERE R R 1.0 x 10° 47 /mL B, 41k
WCT WA A — 5 BB 1, EAS [R) T % 21 K
MIEOR JIAN A Horr, BRI A 7 Ak HHYSFJ0S
FIEUR 77 B i, X0 KT B IESE T %N
84.71% , H LT i/, HK4.67 do HEUK 1S
W e 55 (2009) AHFEHCIERY 4 PR 6 TS o R AR
—E, MRT B MRS (2011) WFFEH A E R
Pk BbO4, BBk BbO4 (1) Rt FET- %K 100% , LT,
h2.55 do UEBAERAL AR A P MR HHYSFIOS ZEB7iR
S W7 T AR B 0 N F T e 2122 it 5 PR
HHYSFJO1 X 2T KO T WUPAZ IESET % 78. 82%
LTs, oM 4.99 do Z XL KR BRINEGH 71, M
HIRAEE L0 UA 3 AT H B AR mEE )
A LR, (R 2022 A B AR WO 7 AR
JREEE NSRS, PRI RE, B
A PR E . REE % WAk HHYSFJ02
ST M T RS TEAE TS5 K 73.29% , LTy,
5.20 do HEUH & TXIHEMESE (2010) FEZL KM
FSRFPHE rf 43 25 IR SR 4075 B 1R MR AL 3L 41 K
W BAHFET- %, } 70.60% o IR LT E A
WH W E R — 2 R dURZ A B AE A
XAEFEYRBIIGES EEEN (5§,
2007; Luangsa-ard et al. , 2011) .

AHEST L0 KB % N B %, A LT 7 H )
MEUR AR R L, HFEERARAE S
AIREZ BRI . W, RAMEME A /AEAEY
S EBIABERATE W )R ( Williams er al.

2001) o £L K ST 0T HL A 1 75 480 K 3 2SO AT
Jy, WRHAT T HUE B L0 KA R G (BT AR,
2009; EfeJE4E, 2014) o BAN, AW RTEEN
SEAF T DA O 28 B R L1 KA B v w7 Y R AL
TR T PR, AT R AT 21 A= By T8 /Y ) Bl iR
AT IE— LRI -
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