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WE. PROCHIEN—R IO oA | BRI FIGHE I, 7ELT KU Solenopsis invicta Buren ( Hymenoptera:
Formicidae) Bi#& AT T WAL AT S, 28100,  E AT SCHAAD BT 21 K B VA SR B s A x4 20, BOE R
MBS R RARH AU EA S — SR, Mk, RFRAELRESRMT, RHATH (455, 46, 46.5, 47,
47.5, 48, 49, 50 F151°C) FIHUK (41, 41.5, 42.5, 43, 45, 46, 47 F148°C) ALFRLT KM T 0.5 ~5 min,
DRI TR KA 12 h TFEER N, S5R Bon, PUCBIR R . AR, 20 Ol T iU o 81 R
HPET R, THEHLE RS, 48°CHRAIE 4 min, 49°CHIRALEL 3 min, 50 5f 51°C FRALEE 2 min Y05
BE100% (T M, RITPOKATERT | 45 87 46°C KA 5 min, 48°C HUKALTH 2 min 7] RIE4TRH T AL, KL,
YER—Fpde 4 | BB A, AR BN 20 K WU A B
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Evaluation of the lethal effect of heat treatment on red imported fire

ants, Solenopsis invicta Buren ( Hymenoptera: Formicidae)

WANG Yu-Hua'", LI Qun-Chen'”, WANG Gang', LV Li-Hua’, HE Yu-Rong', WANG De-Sen'" "
(1. Department of Entomology, School of Plant Protection, South China Agricultural University,
Guangzhou 510642, China; 2. Institute of Plant Protection, Guangdong Academy of Agricultural
Sciences, Guangzhou 510640, China)

Abstract: As a pollution-free, residue-free and environment-friendly control measure, heat treatment
has broad application prospects in the control of the red imported fire ants, Solenopsis invicta Buren
(Hymenoptera: Formicidae). However, there are relatively few studies on the control effect of heat
treatment on red imported fire ants ( RIFA), and the best combination of lethal temperature and lethal
time is still worth further exploring. In this study, we evaluated the lethal effect of heat (high temperature
and hot water) treatment on RIFA workers through means of bioassay. RIFA workers were treated with
dry heat (45.5,46,46.5,47,47.5, 48,49, 50 and 51°C) and hot water (41, 41.5, 42.5,43 45,
46, 47 and 48°C ) for 0. 5 ~5 min. The thermal knockdown rate of workers and their survival 12 hours
after treatment were recorded. Results indicated that the higher the heat treatment temperature and the

longer the treatment duration, the higher the thermal knockdown rate and mortality of RIFA workers. Dry
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heat treatment at 48°C for 4 minutes, 49°C for 3 minutes, 50 or 51°C for 2 minutes caused 100%

mortality of workers; when hot water treatment was used, 45 or 46°C hot water treatment for 5 minutes

and 48°C hot water treatment for 2 minutes could kill all workers. Thus, as a safe and efficient control

measure, heat treatment can be used for the effective control of RIFA.

Key words: Solenopsis invicta Buren; dry heat treatment; hot water treatment; thermal knockdown rate;

mortality rate

21 B Solenopsis invicta Buren ( Hymenoptera:
Formicidae) JZtF FiRHGEREM AR EYZ —
(Xuer al., 2022) . iz A BA B o Yotk
SR HHCH L PR L RBAE TR T AR X e
FEFH RO R K o HAT, 20 KOBE MR
Mo Fg S Ry 1R T A 5 24 N E R
A, Uk 2022 427 2 ARFCE KA 12 14
X 579 NEIX, X AR HHY A A 7= N A
R Atz 4 DR A S IR T U™ G (BliK
BRANRG ¥5, 2015; [Pk k4, 2019; Wang et al. ,
2020; EAHAFE, 2022) o 25N, ZUGREEZR. B
P 2GR0 E S O R0 25 AL~ B R 7 12 L
CY S N K s AR R iR ER R IE
Bita iR A ( Williams et al. , 2001; F
A, 2011 TES, 2012; JAZEWISE, 2011; F
A, 2015) o SR, At 2NN A R 5 =
LKW Bk B, K [A]— 28 SO Y
Zy5RL Al REA IR HU™ A P2 s AL, A 245
A it T 23 X g K AR S A 2R PR 3 A [
FERERYTS Gy HL 2 23 X AR EAR A= W) 19 A6 A7 4 i
PR ( XUASEE, 2006; T 24, 2015; ik
BRE, 2019) o BEE NIRRT B BAd R
A o, R R AR L0 KWL 6 T 1
JA 25 NI 3 S A A

RBiUs TRBENY, HAAWE EREF. &
FHAFASTUAE A 15 Sl 2 SRR R R R U il
JER —E B E, BARM R s Sz E
SN el A O 2 51 B e R I TR B AR
TMARAL I 28 K2 1B B P3G i DA R H R R B 2R K
Ber s 2 HESERE LT (H5E5%,
2007) o PRk, T ey i P 3 A A A B i i T
AATEEATT, JFAE 3 g R B 45 b e B i
JRE B PR S POAR PR AR T AL B FA
IKALBERIFAZEIRAL B, P S P B 2R ORCR A
THIE (BH4AE, 2007) o HAT, HRABICAE G
%1t ( Mahroof et al. , 2005; Tang et al. , 2007) .
K E B ( Doggett et al. , 2012; Wang et al. ,

2018a; Kong et al. , 2022) , LI KqepfllFE At (4%
5 4, 2007; 2013;
Uzunovic et al. , 2013; Massa et al. , 2017; Shi
et al. , 2018) [RFIG AR T W . 20K
X B85 0 BT oy U, R E T 2 R 41.8C
(BRI 4 h)  (Xu et al. , 2009) o BLAb,
AT 5% 2 B 21 MO g ek 14 it 52 14 55 HG SR 5 b 5
PRAIR N AEAE — € YR R o FE K BH 1 55 X 3550
LI LL IO w5 T 1 Tt 52 P B T ) g X 3R
SITLL KWL (Boyles et al., 2009) o Fifi 5 {4 71 34
K, 2L KT WO = i Y T 52 A8 ) 2 T R
( Wendt and Verble-Pearson, 2016; [475%, 2018) .
FROKHE S N Ry S — P AR A P Ak RS i, ] X
By A i 20 W B 9E 47 E % BR ( King and
Tschinkel , 2006; Tschinkel and King, 2007) , H.rr,
A A AAK A 3 R R ALk P S R]F FAE) IR R K 4L
KWGRE R R EZEMIEN. REESE (2013) ©F
FEiRR: 18, 21°CHUKIRIHL 10 h n] 5[ %/ 7. 04%
ALK IBETS, 35°CIZ Y 10 h XF 41 K LAY EAE R
A5 100% - JHZBIAE (2011) &3, BEEHROKR
JETHE, T ELL KO 58 42 2% FE 11 I 8] 3128 ¥ 44 2
KIS 38°CHT, =LA 50 min J5 21 KA 2
AERHET; M 41, 8°C UK AL BRI WL 75 22 5 min.
IR SY E BAR h T R ST L OB R R Y BR
KR 5 AR G BN, LA B R il A FRAE 41
ORGP Kb B B A P A TR T A B A B
B FE R [ R G VR TS FROK BIR Ab 310 SO IR
JE 55 BsF ] 5 22 AR B9 A TR S 4

R . R RAE X M Rng B &4
AW 55 A AU X, SR FH Ak 3 B 4 21 K L
REREA S0 o0 A6 2= B I6 B B BR A TS 4, AT
INFTH BR 21 K OAE H  BAR RO . SR, FE A
PRBHIGLL KWL R, Ak i R A A B () ) B
R G5 — PR 5T, DU P b o o o i) o
PRAGLL LB P M o S, AT S0 G i AR
D 1 7 3 DA T A S HROK A 38R 2T K Y BaE
RO, WF9E 45 5K Sy A A B0 DX P R FH #A Ak 2
BiTA LT IR S AR A AR S 4

Oliver-Villanueva et al. ,
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1 #REI%

L1 #H iR

£ OB AR T 2020 4F 12 20 H R 2021 4
2HAHRAT AT N3 X /NP B R A
(E:113.816485, N: 23.398945) .( E: 113. 816434,
N: 23.398909) . HPARRAELLAKML . 438 M 55 07
ES MR A A5 (2006) Fl Chen (2007) o R4
JER L KCAEE N (IR BE 26 + 1°C . A X R S
70% +5% . JGJE# 12 L:12 D) F 30% e /K f
O 4 U R

SEYRFFURTET, LT KON T 5 & P Bl AL Pk
WA 10 mL 3R L& h &, BEY
38 LT EHMEERIR 1 em SERREER, B
1A T gk itk
1.2 FHAGBLAANW TN RERE R IERE
MzE

P 5 2R WO 1 T, A T AR AL B 4
21 JOS i A v A i AR A B R AN AL BRI ] . R
AL IR IR B SR AR R K S AT PR, K TR
WL 0~ 100°C KAV BE TR v iR BT BRI, 4B
ek T E A AR (FLEAR3. 1 em) , FREEA
BERIRRr RO MBS S ( HR 3 em) #E Tk
IR o TF 7K IR B K 31 S 50 I 75 ek B2 I, A
PEISAETE A 20 mino - HE 3 TS B 3 45 8 A
H, FFRTEET . RAEBRE, o TBUE T NEERA
R Enir s R & (B 7 emy 5 7 em)
IS 200 20 R i B R (A BB CAT B 2
fil A B S I A G EAA) o ABRAE 12 h et
AR YGORERET VAN Sy L8113/ 0 & o/ 1 )@ VA R
L AIETY) o

I E WS . SCE — B 6 Ak B
45.5. 46, 46.5. 47, 47.5 F148°C, I
PS5 min, DL 26°CACEE 5 min VENXTHIR, SCIGHEE
5~6 o SLU T ALHE 48, 49, 50 F151°CiX 4 M
FEALER, HNREE AL EE .54 1. 2. 3 F14 min,
X REAL Sk 26°C AbBRAHR (W R], SEEGHE 5 ~8 K.
1.3 #AoKAGIBLT AN T WA & R E K A IE R 8]
MzE

R I AE WO 5 1 07 4, R 5T AR A B 5 45
21 G TR v A B A A KR B R AR B H) . SR

IR ER AR N K Ab B ) 52 50 25 L KRR O ~
100°C 7KAR VB FETIAL 1 o 17 7K k38 31152 2 52 90 R B
SRR ot AN = RN e W G X e B
MR N (H1E4 emy 5 3.2 em. K
%3 em, YWURELERHF 50 40 HERD W) o
P A T kL G218 ( Dkt SR N
A TAKE I, R AR TE K
AT AbBR—E IR IS, K Bk & K
RO, &k TR E R R R ( E A
12 emy (52 em) TPRYIEAR L, HEIR LA EELR 2R
VUSR M B 1 Tk it o >4 Ty 44 2% 10 7K Bl XU+
Ja ( RATFES min) , 37 BIELA P RESR AT R P9
LIEHE B EN (HART ems &7 em) o &
HEOL 2 M7 il s kol i 8, DA R A s
12 h Z1 KB AATE AR 0

ARFFEALHE WAL L. I —ik & 5 UK
REFEIREE: 41, 41.5. 42.5. 43 f145C, Bk
FEALFE S min, DL 26°C iR /KALFE S min E R %R,
SCEGTER 6 ~8 YKo SEIR TIRE 4 PNHUKIREE: 45,
46 47 F148°C, BRSSP HIALIE 1. 2 13 min,
26°C /K AL BRI O B T VR A 0 IR, SR E A S ~
8 Ko
1.4 HEH

21T I B R FE T R R A AR
T BIR( %) = ( gk TsC80/ AR T ) % 100;
FET-R( %) = (FET- TWE /AR T IED) x 100; 1%
EHBR (%) = [(AbFRA AR - X 18 2] o5 13
) (1 - XTI HEE) | x 1005 £ EFETR( %)
= [(bBEABET-H - XIRASET-H) /(1 - X iE4]
FET-%) | x100 ( Abbott, 1925) . 345 %
WA FRER UGB, 2R A AL OE S5 09 BHE R AT St
G3HT

W LR FR O 22 40 B LA [ IR R AR AL B
( T HOR AL BE) i T 300 21 T I 45 5
TR 2 5, ¥ {H i@ iF Tukeys HSD ( honest
significant difference) 4% #4172 & A | R
PRI 28 7 22 43 BT DA A 5] 305 A [+ Ach 3L A (1] 44 4k
X T B R A IEFE T 52, Hirr, 4
A B )k BB R A 3L (] Sk A S e PR, P ME
it Tukeys HSD 30 647 2 8 L. J5 2243 Hr i,
TR AR ABE T AR e AT IR 5% 7 AR 4
SR LM 1A 73 A1 21 T WGk 4558/ 8 T 3 5 A
AEFRREE (FNALERESE]) M LPE R R Gt
Bk A SPSS 22. 0 AR {447 .
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2 #FERESH

2.1 FHAALERLT N T WA R4 IR FE R AL R A i)
ME

SLYR— S5 R, 47, 47.5 F148°C T Ak B
5 min J5, Z0KBCT B S ER Y 100% , B3
T 45.5. 46 F146.5C AL HE ( F5, =197.2,
P <0.001); b4k, 47.5C F148°C T-HALFE 5 min
Frg I 0 T BB T2 43 5l R 93.81% + 1.91% F
100% , 2T 45.5. 46, 46.5 F1 47°C T #u kb
B (Fy,,=118.7, P <0.001) (& 1), [EIH45¥r
GEREW, A KT W& ER (F, 5, =133.6,
P<0.001) /3ET-% (F,, =199.7, P <0.001)
PS5 HREE RIEAOCOCR (B 2) o T B
ARG Ak PR B [A] () B AU, T FE Dy y = 48.2x - 2198.7
(R*=0.807) , THWBET3R YL FHRIR FE [a) A RLID 7 7
Jy =43.7x -2001.4 (R*=0.862) ([&2).

SR TEEREH], TR ERIRE (dER:
Fie = 362.4, P < 0.001; BET-#%: F, . =
7054.6, P<0.001) . 4bFRmtE] (dEIER: F, e =
2105.1, P <0.001; ZET-%: F, . =801.9, P<
0.001) , AEMFEMZEAEM (HEIR: Fie =

T f#Z (%) Knockdown rate

B (°C) Temperature

B2 LT KBCTBGREIR (A) /FETE (B)

ﬂi{@]ﬁ Knockdown rate
BETZ3R Mortality rate

H%® (%) Percentage

i (°C) Temperature

BT ZL KBTI T AL B S min J5 Y B3 FISE T4
Fig. 1 Knockdown rate and mortality rate of Solenopsis invicta
workers after 5 min of dry heat treatment
TE: B EE P ME « bk HURIE - J5 AN IR /)
R A 0. 05 KP4 AT T ) {1 17 7
F2RS, ARE LD AR RIR S F R R /RTE 0. 05 /K- |
AL BRI TR SE T R B E 22 % (BRI 20T,
Tukey’s HSD #%3) o &l 3 [f]. Note: Data in the figure were
mean + SE. Different lower letters above the bars indicated
significant differences of workers” knockdown rate between
treatments, and different upper letters above the bars
indicated significant differences of workers” mortality rate
between treatments ( one-way ANOVA; P < 0.05, Tukeys

HSD test) . Same to Fig. 3.

JET=R (%) Mortality rate
=

IRE (°C) Temperature

55 A PR RE 1A] B OC 2

Fig. 2 Relationship between Solenopsis invicta workers” knockdown rate ( A) /mortality rate ( B)

and dry heat treatment temperature

191.7, P <0.001; FET-%: Fy .6 =32.7, P <
0.001) S4RE R 52 M0 21 ST 7 B R ASE T
o TE48. 49, 50 FIS1CIREEVEFE P, Rl b HH
TR FF R, TR B (B RN BV Y B TR] 2 3 i 4

B, Horp, 48°C TR TS 418 Al 100% 4E
T BYALERA [E] 4355024 3 min 1 4 min; 49°C B} 43 51l
42 min F1 3 min; 50°C B} 43 %)% 1 min 12 min;
S51°CH}Z350 1 min f12 min (£ 1) o #H—EHF5%

KB, T W& @R (F,, =100.9, P <
0.001) /#ET=% (F,,, =216.4, P<0.001) 5T
A R g T R Ak 3L R 3 7 A B 2 IE AR GG R
TR GBI (x,) HMALIRE (x,)
HIRLl 5 FE Sl y = 15.7x, +29. 1x, = 765.7 (R® =
0.625) , TWAET R E5AMRE (x,) MM
] (x,) BRI RN y = 15x, +32.2x, — 746. 1
(R*=0.781) ,
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Table 1 Knockdown rate and mortality rate of Solenopisis invicta workers after dry heat treatment

M (C) ALFRISITA] ( min) EIN-2/S ¢ dfER (%) FETZH (%)
Temperature Treatment duration No. of replications Knockdown rate Mortality rate
48 0.5 5 0 0

1 5 0 1.7+1.1
2 5 71.1+£10.5 6.7x1.1
3 5 100. 0 97.6 1.1
4 8 100. 0 100. 0
49 0.5 8 0 5.5+£2.5
1 8 4.7+1.1 10.6 £3.0
2 5 100. 0 85.0+3.9
3 7 100. 0 100. 0
4 7 100. 0 100. 0
50 0.5 8 1.6+1.1 3.9+1.3
1 8 100. 0 9.1£2.0
2 8 100. 0 100. 0
3 7 100. 0 100. 0
4 7 100. 0 100. 0
51 0.5 7 3.7+1.1 14.4 £2.5
1 8 100. 0 66.6 +8.3
2 8 100. 0 100. 0

E: FTBUE N EE  frifii. 322 6. Note: Data in the table were mean + SE. Same to Table 2.

2.2 PKAEBO AW TWMRERERLERE
MZE

Sy — IR W, WE N 41 41,5, 42,5,
43 F145°C BFIKALFE 5 min YJRE 1009% o5 3121 Jiy
T 43°CHT45°CHUKANELS 12 h Tl FFET- %K
BEET 41°C. 41 5CHI42. SCHUKALHE (F, 4, =
79, P <0.001) , 42.5°C FoK4b 3 T 8080 T e
TR T 41°CH 41, 5°C HUKAb B, Hrp 45°C
ALBES min ATSE 4 ARFELT KM T (1 3) o H T
WY FE T 38 5 IOKR B E) 2 W E A COC R
(F, 5 =89.6, P<0.001) , JET-R5HIKIEER] K
BT FE R y =18.5x =720.5 (R* =0.713) ([l 4) .

MEZE R Z5 R AT LA Y, 20 K T
FIRAIET R S Z R POKRE (HER: F, =
54.7, P <0.001; JET-%: F,, =322, P<
0.001) . AbFREFE] (FHEIF: F,, =915, P <
0.001; JET-%: F,, =168.9, P <0.001), LK

MBS HEAEM (EE3: Fy, =27.7, P <0.001;
T Fyo =8.8, P <0.001) (%3 % 0.
45°C 5, 46°C K IE L 5 min. 48°C P/K 2 2 min
AR BE ) 48] B A7 20 KT, A fig = 3T
TEALFRS 12 h BYFET-FIAF] 100% ;5 45°CHUKAEF]
4 min. 46°CHIKAMFHE 4 min. 47°C oK AL FH 3 min
A4 min. 48°CHUKALHE 1 min FIRAE T E T LW
Wk o (B R 3K 100% , (HZHR 2 DL 2 R85 T
WG o 0 %) T 23 Bl A5 Ak B S IR ] 9 22 S T 8
WK IER (F2) o BIHAHIEEREN, T
FHfEIER (F, 5 =28.3, P <0.001) /FET-H (F,,s =
134.1, P <0.001) 557K Ak 3 i) i85 5 70 b 2HL I 1]
I 5 IE A G R . Tl 5 18R 5 oK IR
BE (x,) FIALBEEFE] (x,) BB A y =
9.0x, +9.6x, —349.9 (R>=0.351), T.M3ET *
AR (x,) FALBREFE] (x,) AYRALL T 2
Fy=13.5x, +24.2x, -27.7 (R* =0.719) ,
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i8] Knockdown rate JET-# Mortality rate
%
< <
= E
:
5 z
oy 2
5 S R
= M
H
S
R (°C) Temperature HRE (°C) Temperature
B3 LR T A HOKAEE 5 min J5 )5 IS ASET 3 4 LD KU MAET 3R 5 FAK A B 2 9] 695G &%
Fig. 3 Knockdown rate and mortality rate of Solenopsis invicta Fig. 4 Relationship between Solenopsis invicta workers”
workers after 5 min of hot water treatment mortality rate and hot water treatment temperature
R2 FOKABARER B SBEVL AW T ERZEMIETE
Table 2 Knockdown rate and mortality rate of Solenopsis invicta workers after hot water treatment
I (°C) ALBEIF ] ( min) HAZIREL drfER (%) FETZR (%)
Temperature Treatment duration No. of replications Knockdown rate Mortality rate
45 1 5 3.0+0.9 2.1+1.0
2 6 83.8+3.9 13.5+4. 4
3 6 99.6 +0.4 77.6 +4.8
4 6 100. 0 91.7+2.0
5 8 100. 0 100. 0
46 1 7 89.3+4.0 18.6 +3.7
2 6 96.8 £3.2 57.7 £10. 1
3 8 99.0+1.0 89.4+2.9
4 6 100. 0 98.8 £0.6
5 6 100. 0 100. 0
47 1 7 70.4 £11.7 29.6£12.8
2 6 99.6 +0.4 83.4+2.6
3 6 100. 0 96.9 1.7
4 8 100. 0 94.7+£2.2
48 1 6 100. 0 21.3 8.9
2 5 100. 0 100. 0
3 6 100. 0 100. 0

SLFEH, AR MR . AR B A, TR

3 #Fie5itie EEERBE T R . BN LR LE. B4,
B A B, B B AN BK A B AT R A

ARFRAESL I 2 S E F I THA I (T4 BT DIE B TR B M. JE R IX.
AEFPRIBOK AL FE) X L0 IO TR B AR 45 SR 5 2 A S W 5 B 7 R X B8 10 4T i
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DIEGE

FROKIR N 21 IO T ) BOAE AR HY B 5 T
THAEEL. ARBFSEH, CYAEFRISE] DY S min 1,
FRAb TR A F S 3 T 100% 4o 120 i B AR R
IR0 4TCHI41°C, S84 AR AL T WU i e fiK
AL BRIR FE R 48°C L R ARHOK IR FE AR 45°C
FEOX P2 S 10 J5 KR AT B 5 HUK IR S g T
WCERM A . REWSE (2013) HFRAH,
21 OB A7 15 5 5 B K I [A] 2 TEAHOCC &R,
It HKIR I R W2 52/ N T IR K FE T 2

TERAE BRI I0 L1 OBt frh, Tl s T %
2352 FI b BRI FE AN AL FR IS R S R s, b
PR RE R g, TSR 7 A AR AR ) B[R] A . Xu
et al. (2009) WF5EAR I, ZEEEH AT 4 h 1§ ol
B KT B B B 2 T 41, 48°C TR
FHE vy i B b 3 T, S BT SR A AR T Y Ab
PRI [E)RE 22 RS RL. flan, AR Tk
PRLT K, 48°C AbFH 4 min. 49°C 4-FH 3 min.
50C = S1CALEE 2 min PR[5S 2 RA0 T UG d i #4
JKALBRI, 45°CE 46 CHUKIRIL S min, LI 48°C
PUKIRI 2 min fEREF LTI 100% FET-. BEAM,
WFFERMY,  Z0 KUY e TR 52 M 5 R B R /N B I
ZHIEFH & % & ( Wendt and Verble-Pearson,
2016; BRIYAE, 2018) o A ST AL T R i i
BEAILAY 7 e, S5 SR 530 1 22 X A [] 44 U T
WCRI A= B8 3P BP0 Ui B A TR ST

4 QPR BE v A 3k B 21 K A B BT L Bk Ak
BRI TA Y, F/RK A B AR B 6% PRk o 43 T
W, AR ) T 2 B g BT OR TE R . X
Trax sl oF 8 5 SR E R R TGN E, Asb
RATREA T B O™ A T R iy Bk, M R XF
LR N SR el 0 7 NN S N S W il i N A |
(Wang, 2011) o JiZBI45 (2011) i i £ 7 [l )
TR 7 VAL T ORI I LT KU B RCR
ZLKIFE T ) 2 I 8] A OK AL BRAS 1 he KT,
FE 1 h PR IR 0 21 KRR A S8 A K R IE H
WIARTT R 1A SRR 22, A AT K i
T IBET ) 7 I 1) 7 DA ARAL B S 12 heo

W45 (2007) R 4iE, UK FHAZE AL
X BB IR RORE T T HRAE 3 A R Rz 3o
FIEFER - RACRKECRP R E s, Az
TRAC PR AT AR S Ak 2 B v 1 3EUAR RS AR it A T 5 e
RISEHBBTIE S ( Wang et al. , 2018ab; Kong et al. ,
2022) o FEARBIGEH, AEFAURT T T oK AL

HIXTLL LI BT IA R, PERIAIBETE AR
MR ITIIA LK I AR T, e A A BRI
JFE ARBRIS ], LA R 2R R 9 5 N Rk 5 ik — 2P
WH5E.

ABFFALAE S0 28 500 WEAG 1 R ok
A PG ET KOO T MR BOOEROCR . PRIE T #A40 Bl
JEFNAL HR 8] A fre AR 2L A T e OO R
AL KW AT AT Vs SR, 78 21 K IS L By
e, AR Z R (E A E— 2P R i, JA
AEBRAER AR ST EOR A T X R 45
Ab PGS G 00 BT R W N LA S8 e . WE ST R,
FEP; ol BN AR 45 2K B2 49 ~ S0°C #RK Ak B
30 min A SERHRIE, FFH K AL BN 235 i 4
FPHEMRBYRZA R ( EAESE, 2006) o SRAIHAK
LA T 7KCR I, L BE A8 AT ROR KA N Y
Rpe s, AR KR A & BUE G H (28
A5, 1993; BEPLAE, 2006) o FEHIERITORI L T
FROAE DX 8 35 19 I 55 A 25 16 55 A 25 SO IX ek
T JUE AL PR P2 SRS I, 7 2 41 B A 30T ]
LAY B0 THT 32 0 3 ) fje AR K P 7380, SR HROK
TESLBTA 21 JCIU Bt A IO DA AR TR JEE 4 3
T, BOK B R 2 B Z B AR O T R AR SE L
SN RYLL IO, HE S AR A PROK IR BE V. 2 T AT
SR e i e S BOE B
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