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ZHREFINERFRERELREFIESR
%) e F1 89 52 I

A, HITH, TR, FXE, BRE

(AL R AR F ALY PG I RTTE S S 80 2 . Jbst 100083)

FEE: B HURRZR RTE 20 HHap))5 B A R A BT iR SR s ok 22—, TERAER R 2, Hal 55
HFANEH . RAGIWNES: Eucryptorrhynchus brandri j& 5 MR SE T3 81, X577 B A H B4 ARk BRI T ELAE Ailanthus
altissima 3& B HE 5 H . HATREWIEZR N EBHIE T EZ —BASEIE, HACRAIA . 4T AR A G HE
Z4 A IR B R mBA RO, A B du IR HUR TS A i A 2R ARBFSEIERE T 4. 5% A
BEFLi~ 10% nik de MR AT VS W50 5% WE 83 PR L il X /)N 46 gk i (G 26 1 Steinernema carpocapsae All. K B (G 2k it
Steinernema longicaudum X-7 {73% LA XA AR LM, LATH GEXT RAFIDIE R 3 i 4h MBOEACRIF 685 B dUm 4k
BRI AR RAFNE AR L. 25 R3R), 3 Bk dRIxT; 2 Fhk B A7 16 2 J0 W BOEA/E FT; otk Heobkoxd 2 Fh 2 iy 35
FEATCH RN, AN ]k B 1) S AR R R E He PR 2 R B BB R AP/ 35 22 v, AR 3 h 88. 97 wg/mLs
17.79 pg/mL f58HEE R AA UK 4 307. 89 wg/mL 61. 58 pg/mlL AYIE HUBKXT 2 Ffrl th fO SO0 3 1) g 355 T X
Mo 3 Fh2GlE X7 AR X RAFHIER 3 i4h H IR UM B EE Ve, K G R0U8 4 8. 89 wg/mL 154
FABEAERBUNIT A 7. 67 pg/mlL ¥k bk 5 48 B0 X 1R AR AR HES 3 144 BUERILIL AU E T, BB 55100
41.67% « 54.17% , HEHEMILEAN] S 2 &k HUR A& BRI Z IWAER . 2R it — 5 F AR R
93 SR HUT R B AP BRI 35 T B6Al) -

KiER: RIBWIES: 3840, RAiEEd; 5l
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Impacts of three chemical pesticides on infectivity of entomopathogenic

nematode against FEucryptorrhynchus brandti

ZHENG Hui-Zhong, YANG Kaid.ang, QIN Yan-Ni, GUO Wen-Juan, WEN Jun-Bao ( Beijing Key
Laboratory for Forest Pest Control, Beijing Forestry University, Beijing 100083, China)

Abstract: Entomopathogenic nematodes have been widely used as biological control agents since early 20"
century. FEucryptorrhynchus brandii is an important forest pest, which causes serious damage to the main
tree species, Ailanthus altissima, of the farmland shelter forest in Ningxia. Chemical control is one of the
main methods used to prevent and control E. brandii, but the effect is poor. In order to improve the
control efficacy against the larvae of E. Brandii, compatility of three chemical pesticides with
entomopathogenic nematodes were studied. The effects of 4.5% cypermethrin oil, 10% imidacloprid
solution and 5% acetamiprid oil on the survival and infection rates of Steinernema carpocapsae All and

Steinernema longicaudum X-7 were tested. Results showed that three pesticides had no sub-ethal effect on
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the entomopathogenic nematodes. There was no significant effect of imidacloprid on the mortality of the two

nematodes. The active ingredient of cypermethrin at 88.97 pg/mL and 307. 89 pg/mL, acetamiprid at

17.79 wg/mL and 61.58 wg/mL caused significantly higher mortality of the nematodes when compared

with the control. All diffferent pesticide-nematode combinations showed additive or synergistic interaction

against the 3" instar larvae of E. brandti. Synergistic effect was found in the combination of imidacloprid at

8. 89 pg/mL and cypermethrin at 7. 67 wg/mL with S. longicaudum X, with larval mortality of 41. 67%

and 54. 17% , respectively. The results provide basis for further field experiments to evaluate the efficacy

of combination of entomopathogenic nematode with chemical pesticides to control E. branditi.

Key words: Eucryptorrhynchus brandti; 3" instar larvae; entomopathogenic nematodes; pesticides

RABVANESE Eucryptorrhynchus brandti ( Harold)
JE I H Coleoptera 2 R} Curculionidae 74 HE 4 &
Eucryptorrhynchus , & i % R ¥% Ailanthus altissima
(Mill. ) Swingle Jz HARRh TSk Y 32 2Bl 14 735 1
(#®FRE, 1980; Borovec, 2013) , & S5HIEZ A
HE4 E. scrobiculatus ( Motschulsky) 1RE&fEE, i
SERAE T B R AU H, C RS HE T E A
B EZE . SR I HIE G 4 A I i A B B
BEE AL E 0 A RO, T RO B BT,
JEE N RAR N A R A (BB, 2000) o RAR
Z RV NE R AV IE R W R BR & /8%, 18
PN AR T

UTAE A 7 b ) B He A R 0 3 HIE 52 1 BHL
B K 4 3R A R 5B % ( Yang et al. , 2018; Yang
et al. , 2019) , {HKVEHESFI R VA IE G A RLIX
B, RHEHEG BN R %, 173 ERE, 5
SRR A AR 1, BRI TS R A A
R RAF VA NE S . H HIXF SR V8 HE 5 45 g
FAAGLAEE PR A F. FH (2019) X R ARG
HE G 4y H 1% 2% B3] 2 N 2 0 D 45 2R i s sl U4
fi > ntk sk > WE Pk A0S (2015) Gl IR
2N AP IELR R BA SR, Hrb 5% i
WA IER R EIER N 38.79% , RHERCRBARN 24
M I (2015) FEMFP G A FEWI, ER
TSP IR Sl ] SRS TR S 55, 7R
& FVABIIABORE G- | T RAEEIER 2 diAE
BT BRcE sl A, BRI 25 g ARl
g 254 AT LUR BB iA ROR . X A5G
TR R s Y, HF WG ™ Bk
HREARA 2 f Hla | A AR -7 00 X R A
IEL 4 Ul IR A RIBAHAR (1 845,
2018) .

B H 5 JR 2k i ( Entomopathogenic nematodes,
EPN) REFhi¥ F24F FR A LA, @R

T HE S 4 WA Bl i b PE . EPN X ANF . MW A
fi AW Ay, TR R 22 B0K 3 [E ZRTBUR 7T LR 46
T A7 Kt ise (i 55, 1999; 3 [ 41 5%,
2001) o AXERCA ZFh R 2O IR HURT dh A2 I
FH [R] AT AR N FH o 3 A 01 11 307 R £ R By iy R A
WIER . WIERVILIRE (FIRZE5, 1993; %
HITAE, 1999) , X g W 2EH MU AT AR W) BT A I H
TR & o Ul Steinernema carpocapsae A24 X7
FE I R Y AR A B R (IR E,
1991) ; Dembilio £ (2009) F] JJ 7 [C £k i S.
carpocapsae TF M [8] ¥ il £1 #% % B Rhynchophorus
Serrugineus B Bi VG R R N 83.8% ~ 99.7%;
Shamseldean & (2004) 435I M\ 3 /A [A] (4 X 31
T 3 AR Steinernema 28 ML, 2834 % N SR
XPLLAR G B Y BOAE R ) Rk ] 100%; Llacer 45
(2009) fdi FH T3l 7 AU 25 2 X A AR RS T R
PEATIEIN, XPLLAE G I B B iR ROR A A 2] 80% Al
98% o PRI A B0 18 ] 1 %k 54 V) FIE 2 &) i B 2%
LU A i A BT TR L 3R

W B e it £ U A A ] R 45 5
V2 H BE AL = Bn A RO . 5
fb2E 8 HURIAH B, EPN [ fif B AR SR 2w,
EPN 5 2% ORI BR & fd 0, AT A3 250 i 3 dufg
( Koppenhofer and Grewal, 2005) , 29t 2Pk
Jig, W] LAREAR EPN [ FH & DT BEAR 77 36 WA
( Yan et al. , 2012) . EPN Fl 7% = 4 # 1 T &
Bacillus thuringiensis+ [ {8 # Beawveria bassiana
( Balsamo) Vuillemin. R Bt REE IR F FG A4S F B fef
A=A FAEF ( Koppenhdfer et al. , 1997;
Koppenhéfer et al. , 1998; Koppenhofer et al. , 2000;
et al. , 2007; et al. ,
2008) o FIRLLAE (2007) /N4 e 307 [Q £k
All G & 5 B SR W ik B TR ] 7 06 48 S0 H E R
Rhabdoscelus lineaticollis ( Heller) , Bz B T B

Polararevpn Koppenhifer
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A A2 24 700 B SR A e IR )N o 0 T TR 2k
He EERAE (2012) ff IRk B2k Rk 5 S,
longicaudum X4 2% H R H J5 4b B wE B 4 fa
Holotrichia parallela 2 {548, R EACRH B
Williams 4% (2013) ¥ S. carpocapsae Weiser 2 Hi |
FUETR S fE T TG A VAR 7 R o e 1
BG I F AN B2 R Hylobius abietis, XA
RIEILARATIA 60% 55

ARSCIE T 3 Ml o 24 R 5 A [ i 285
AT IR IR 0 RO ROR 8 3 W v R0 HY
HE, NRMEEIER Y RN ZEE I BAUR Ok B &
o S 2 T ) P [ 7 P A 2%

1 ##EITTIE

1.1 HiXEmKE&R

BUAR L RAFEIER 3 4hd, RATHE
AYELIHT 2 BN R, AR S 55,
M WA TRBHBC RS ( BATTEILE D) o

x1 RBEHIESRLHATRABEE LG
Table 1 Proportion of artificial feed for

Eucryptorrhynchus brandti larvae

% Kind T (g Weight

BIgH) Agar powder 3

HEME Sucrose 4

SUH BB Ailanthus altissima ( Mill. ) "
Swingle powder

+ %5 (#E7T) Potatoes ( Juicing) 30

BHIE] 60C  Cooling to 60°C
I ZLARAN Potassium sorbate 0.25
JEI 45 g Methylparaben 0.25

HEIRER H: SR F T I A 0 R 2k R
INEIRETECZE LS. carpocapsae All. K BB H G2k it
S. longicaudum X-7, 40 5 Wi VL4 00 K B W) 5L
ARAMRA T o S50 A AU i 2 He 85 IR
L2 #Ht iz

B 1k o 25 ) Ry b 5 B W% 2. 7R T8
(2019) BFFEELAN E, W Fak 3 MR R R AT
HE S &) HU) LCs, R LR B, 7 L RlVR I
PRI ZE KA RE S A5 10 A5 20 1% ( TRIAR N
1/5 LCy~ 1/10 LCy~ 1/20 LCyy); B Al H2 0b Ay

153.3, 30.66. 15.33 il 7.67 pg/mL, F R 2%
1 88.97. 17.79. 8.89 F14.45 pg/mL, BEH KA
307.89. 61.58. 30.79. 15.39 pg/mL.

R2 FRHEFREKIR
Table 2 Chemical pesticides used in the study

A% AR B
Chemical pesticides Manufacturer Toxicity
BRELEARG
=3 M = \EE
5% WE HUpk AR L
oW
5% Acetamiprid Hailier Pharmaceutical o
toxicity
Group Co. , Lid
W RIS
ey = B
4. 5% AR A PR 2w .
Medium
4.5% Cypermethrin ~ Shenzhen Nuopuxin .
toxicity
Agrochemical Co. , Ltd
HOREE RS
10% N, 5wk BR/\ ] Hebei Weiyuan L E:
10% Imidacloprid Biochemical Pesticide OW
toxicity

Co. , Ltd

1.3 HFRMNLRFEMEREHZI

FZEE R UL B B 100 1s/mL #82],
K25 245 510 i T LT A MR E AR E LCso~ 1/5 LCyon
1/10 LCs, A1 1/20 LCyy - HXL5 mL FIRIEBEIHARFE A
BEFRIL ( AR 9 em) 7E25%C = 1°CHYBMERAFT
JUCE 24 h, R TR HBEILG A | mLiRE
WP R AF TG B, TR R B 3
AR, DI R BT AT I 5 25500 % 2k
HR BN B I BOEAE A ad 10% , )
ARSI 5 12 24 70 0 4 HUARE G R 1 B o

ZHBHESCAE (1991) HIRE R U Ik e
YRR RO bR (1) BETD B EEE
A, XERICR: (2) WESL: SR,
H T 24500 PR 51 A e S Pk el 3R M TG 3, X
BERIC SN sl S AR R IR 2% (3) A2 2550 5
XA R, B IR Sl AF R LA B, A
B LR U PR R i S L o
1.4 ZHR5HFERAXNREIESRLY RABIER
R

Kk AR HE S 3 I 2l BUBA AT 30 g A
TECH AR IR (AR S emy ¥ 4.5 em) o
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W2 ph b B, £R d (200 DJs/dt) B b 3
2R (200 1)s/H) 525 TR G Ab BRI K X B
W 2124 500 TC B Pl e R BE 25 T, e b PR I
AR H, Fe e vk BE e e R 9], #85),
Bl mL ¥yogmeiti 2] . R R EIR AW, #izy
Fegk s Ak, DU il K56 5t 4, 5 58
TR, BT 25C £ 1C T . B4 10 3k
i, 3IEE. F 72 h, 524 h K4 HAE
THE O -
1.5 HiESH

BAEAL B K S i 53 By 238 7E EXCEL. SPSS #k
P iy, BT Z s EREER, H
Duncan Z W7 WA AT W3 b B AU i
2 O AR I HE G 4 U BOw ST B HBET R (%)
FRIESET R (%) Fow:

(% LA
%Eﬁwm__ﬁﬁﬁﬁﬁ <100
g e o) < SEERAISET R — WHHRAIBET R
IFFET (%) = T 100

P ¢ 7 G 6 DT 2 e A 2 24 59 % LA
HHER 2 MRS MR HIZE RS (5K rPig s, 2006; T
EERE, 2012) .

M=[M,+M,(1-M,) ]
M,=MxN
X2 =(My - M) Z/ME

Hrr, Mo Mgy 53 3R 2k H 5 4% 24 500 1R X
Al R R BB AR K BACEG My M, 50
2t 2% 24 79) o A AR K B L A A IE AR T
My, 2 5 4 25 R P R s S PR A 1 AR

T35 N O dUE .

2 5 4% 25 FR TS 165 1 FH 28 280 1 1) DR 44
Pk Mx*<3.84 (df=1F1P=0.05) B, B
PRI PR IR T R A AR AR AT ( Additivity)
SR P N R S R R A D e sy | B v R e A R s
FIARRL 4 x* = 3.84 (df =1 F1 P =0.05) M
My, <M, B R Pip s B IR FH R I HbifE
F ( Antagonism) , RIPIAP 3% He K 1R M5 197
BB AR T4 T8 REA: X = 3.84 (df=1
M P=0.05) KMy > My, SR Pisha R A
RPN E A ] ( Synergism) - BJV A o5 Ht [
TR G W U B & 3 ag B oM (9K
HYE A, 2006; TR AR5, 2012) .

2 #R5HH

2.1 FHEFINERFEERFEHZM

393 P b RO I e B AR e A0k T2 T 25 T
BER 2 i R AL A, 24 h iAKW, 1
UG B Y 3 b 2% SRR G 2k SR 3 0 B A
M, RAARREMET IS, HAAT R RE
i 10% , H AL T AT Bl 4% 24 79 e 2 I AR i e 1K
55X MRAH M, E PR 0F £kt BOAE R AR
4.2% , FEHABRRZ, MRz 4. 2 iR
2R A [ 24550 B i 25 PR A7 AE 22 5 (P <0.05)
X7 i 2008 S TR TR B T 245 B 5l — 28 o 3 b 2455
IR BEAL BZR RUAE TR 2 5 AN K, HBE HUBK SR
AT R B E R -

R3 ARIRERLER BT LRI TR

Table 3 Mortality of nematodes after treated with different concentrations of chemical pesticides

Tl ol gl WEBE (%) FETA (%) Montality
Chemical pesticide Nematode Sublethal CK LC,, 1/5 LGy, 1/10 LGy, 1/20 LCy,
Steinernema
Mk bk . - 0.67x0.33b 2.96+0.37aB 2.23+0.23aA 1.17+0.17bB 0.76 +0.03 bA
longicaudum X9
Imidacloprid
S. carpocapsae All - 0.83x0.33b 3.33+0.33aAB 2.60+0.31 aA 1.30+0.06 bB 0.93 +0.07 bA
S AT . longicaudum X7 - 0.67+0.33 ¢ 3.33+0.17 aAB 2.33+0.17bA 1.29+0.25cB 0.80+0.31 cA

0.83+0.33 b 3.67 +0.33 aAB

2.73+0.13 aA 1.33+0.33 bB  0.98 +0.02 bA

IE ok . longicaudum X1 -

S

Cypermethrin S carpocapsae All -
S

Acetamiprid S

. carpocapsae All -

0.67 +£0.33 d  3.37 +0.32 aAB

2.40 £0.26 bA 2.17 £0.17 beA 1.40 +£0.31 cdA

0.83+0.33d 4.20+0.31 aA  3.03 £0.55 abA 2.33 £0.33 bcA 1.43 +£0.30 cdA

Ve TR AR RN SR For 1 0.05 KF A5 3 2t 2 5 R e T 2 B R A5 4
FFIRTE 0.05 /K 255 5 & . Note: Data with different lowercase letters in the same row were significantly different at 0. 05

level, while with different capital letters in the same pesticides were significantly different at 0. 05 level.
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2.2 ZHERAFINRETERLRNZTEIER
2.2.1 AFEHERRTHEES 2 b RLARM
Xt AR TRIHE G2 40y LA SO LR

SR 27 SRR A T B Ak A TR E 5 40y
FIHERAESEHCR ., RATELC,, (88.97 pg/ml)
R 30% Ze AT BBEAE . S04 i) 5 5
AN LCso (88.97 pg/mlL) JRHAAYESLHR 3%
o TR TR I ROR . SO TR 45 Yk JE 5 R iR

MBI RYCR (D) HAEHEBREM (D) . &
WA (D) ¥R, Hi XT 5 1/10 LGy,
(8.89 pg/mL) i X RAFTAHE G ) B B
IR, HOSRE A R A BRI T 33.34%
FUZET- A, LA R B ] B RS I 35% BAE TSR,
T H B 3 5 4 R T B BT 3R ) S A A
(%£4) .

x4 2 MALZBASSEAHERAMREIERHRNZTEER

Table 4 Interaction of Steinernema longicaudum X-7 and S. carpocapsae All and cypermethrin against

3 instar larvae of Eucryptorrhynchus brandti

S. longicaudum LCs, 0 30.00 £11. 55 6.67+£3.33  69.71 £5.07 a 3.47 6.97 3.53 A
XT 1/5 LGy, 0 17.08 +8.91 6.67+£3.33 47.92+2.08b 2.26 4.79 2.83 A

1/10 LCy, 0 8.33£4.17 6.67£3.33  41.67+8.33b 1.44 4.17 5.18 S

1/20 LCy, 0 4.17 +4.00 6.67 +3.33 16.67 +4.17 ¢ 1.06 1.67 0.35 A

S. carpocapsae LCs, 0 30.00 +11.55  23.33 £8.82 55.42+5.42 ab 4.63 5.54 0.18 A
All 1/5 LCs, 0 17.08 +8.91 23.33+8.82 51.25+4.73b 3.64 5.13 0.61 A

1/10 LCy, 0 8.33+4.17 23.33+8.82 37.50+7.22b 2.97 3.75 0.20 A

1/20 LCs, 0 4.17 +4.00 23.33+8.82 20.83x4.17c¢ 2.65 2.08 0.12 A

T FSVEEE R bR ARG TR R 0. 05 A B2 3%, A, MInfER: S, 342l CK, WK Dy Dy
Dy B Ry el ARG + ZHUR AT T RARANER ) AL IESET- . T4 Note: Data with different

lowercase letters in the same column were significantly different at 0. 05 level; A, Additivity; S, Synergism; CK, Water control; D,

D, Fl Dy, represent corrected mortality rate of E. brandii larvae treated by chemical pesticide, nematodes, chemical pesticide and

nematodes combination, respectively. The same below.

2.2.2  R[FIVREERINL IR 5 2 A~ R TR X
SLAR IR HIE S 40 B SR

S5 5l 7 NH HRbR R Ak BB A 9 HIE 4 4 R
A HL R BE T R 5 25 50 vk B R OE A DG . IR B TR
HOHE AR B = v IR A AR . T HL bk D
X AR A LB A SO0 R =, SE TR 7
50% Lk -, 3R B0 AR 0 B AO/E s e 1720
LCs, (7.67 pg/mL) 5 X7 BRI B BAEH,
YERISCR ] 54. 17 % , BB 224.96% , =T 5
AR HIBERL (£5) -
2.2.3  OR[EIVREE RIS K2 A 5 s R A
SR IR HIE S 40 B SR

WE H bk B b B R AR I E G2 4y L 4l U BE
TR G 2550 e B A A G I H R (1 A [] e 8 s

JES 2 Rkl X9 AILTR I, FoAH R iR 3 24 79
B a2 B ) SO RO B, YR B AR N
YR Hitp X7 50 Uk LGy, (307.89 pg/mL)
TR FH LU 245 551 B X6 S 9 I 52 ) H ) S0 R 184
32.36% (#6) .

3 gipsitie

He B O B AR 5 A A ok HURR AT, BE AT L
P RAR I IE S 4h A BTV R SR ARE (R A
A 2 TG Y PORE S IR AR EG M PR AR L RAE
WIEG A M ER SR PRI A 2T Bl B U e 4
AL G2 RAGEIFRGMM, Bhf Ak
PR R M A AF AR, ARADE A2 URh - &
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RS 2T RAGZHEWRMEANBREDER S HHZEER
Table 5 Interaction of Steinernema longicaudum X7 and S. carpocapsae All and imidacloprid against
3 instar larvae of Eucryptorrhynchus brandti
Njfide e CK D, (%) v (%) Dy (%) M, M, X {/E}if:ﬂ

S. longicaudum LCs, 0 64.71 £3.53 6.67 £3.33  80.00+11.55a 6.71 8.00 0.25 A
X4 1/5 LCy, 0 37.50 £7.22 6.67 £3.33  54.17+8.33 bc 4.17 5.42 0.37 A

1/10 LCy, 0 25.00 £0.00 6.67 £3.33  62.5+7.21 abc 3.00 6.25 3.52 A

1/20 LCy, 0 16. 67 +4.17 6.67 £3.33  54.17+4.17 be 2.22 5.42 4.60 S

S. carpocapsae LCs, 0 64.71 £3.53 23.33£8.82 61.18+9.34ab 7.29 6.12 0.19 A
All 1/5 LCy, 0 37.50 £7.22 23.33£8.82 62.50+0.00 abc 5.21 6.25 0.21 A

1/10 LCy, 0 25.00 £0.00 23.33£8.82 62.50+0.00 abc 4.25 6.25 0.9%4 A

1/20 LGy, 0 16. 67 4. 17 23.33£8.82 50.00+£7.22 ¢ 3.61 5.00 0.54 A

x6 2T RAZHEREHRREANBRBIESR S HHZEER
Table 6 Interaction of Steinernema longicaudum X7 and S. carpocapsae All and acetamiprid against
3 instar larvae of Eucryptorrhynchus brandti
Nji de W CK D, (%) Dy (%) Dy (%) My My ¥ ?Eiiﬂ

S. longicaudum LCs, 0 55.00 £2. 89 6.67 £3.33  72.80+9.14a 5.80 7.21 0.34 A
X4 1/5 LCy, 0 25.00£7.22 6.67 £3.33  20.83+4.17c¢ 3.00 2.08 0.28 A

1/10 LGy, 0 12.50 +0. 00 6.67 +£3.33  41.67+4.17b 1.83 4.17 2.99 A

1/20 LGy, 0 8.33£4. 16 6.67 £3.33  33.3x4.17bc 1.44 3.33 2.48 A

S. carpocapsae LCs, 0 55.00 £2. 89 23.33£8.82 51.25+9.44b 6.55 5.13 0.31 A
All 1/5 LCy, 0 25.00£7.22 23.33£8.82 33.33+4.17 be 4.25 3.33 0.20 A

1/10 LCy, 0 12.50 +0. 00 23.33£8.82 45.83+4.17b 3.29 4.58 0.51 A

1/20 LCy, 0 8.33x4. 16 23.33£8.82 33.33+8.33 be¢ 2.97 3.33 0.04 A

2 G AR T B VE AL A & 1 ( Koppenhsfer and
Grewal , 2005) . P b2k o 5 2% HURDE 9 3 fij o
UK TR IC, T A2 AV o R 2R L e P LS S
JERAR DG IR0 SRk S0tk o B U [ e X O[] £k 2
2GRN 52 BE 1 AN TR], PEFEX 2 2 iy Al 2)
F IR R OCHE ( FE RS, 2012) .
AT B ) 3 Fofr Ak 2% 24 3510 R4 e
YJTCBICANE T o 2 Ffr s B Jir 2 s AN [] 25 HU5)
BT 24P A7 A 25 5, HL el H it g i) 2k He 205t
IR, X BB w2 IR A2y, Rk
AR, T E PR g R 3 S8 A6 TR %2 A
LA B R 5 X IO T W R . Yan 5§

(2012) PP AU HOR) 5 B o I 2 th 45
AR, 4 S 7 b (i P ) S04 T R i e ok 45
XPER U A7 16 UG e ME AR RS2, 5 A 6 4
B2, RSk, EEEE IR 54 AUR A -
Koppenhéfer ( 2005) Fl1 Grewal (2005) 45 Hf
STV (R — T OIS, T
HUR A G FEFSE T3 P AR e B i s A% PR
FHo B MR 2R WA 245 A Bl s A7 3l , A
AHEAENT BERUE FH & 46 P Al 25 50 9 65 ( =okb
Ft) VER, HBCR Lo soph /R 24500 B RUR 2 F Tl
Ko TEARE T, 2 Rkl 5 3 Pt 57 R H e
X RAFHIES 3 4 A BIG ROCRAE7E B 1B 25 5%
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TR 0 2% ACR Fo s & B R 8O R e Horp
LA S ETH] LCs~ 1/5 LCs i R HI 5 $ 3R 30
SIER, 1720 LC,, ARk k. 1/10 LC,, #Y 5
e S. longicaudum X7 i Z iR I A] 7 A2 W] Sk 1)
AR ARBEFE SRR, 45 T At ok
A5 B R R AR, SRR IA RAF I IES .

A% HUR) S HU J 4k R 22 ) i M RORCR . &2
BOEMR LS AR 2 AT O, BUE R
B R ma H bR AR AT . X Rh W W
( Koppenhéfer, 2005; Grewal, 2005) . Koppenhifer
&5 (2000 b) WFFE A, Zem Gk dukiR 5,
bt e R 2 A5 8 ) B0 VAT DA, DT A e H Ok
IR RS, BV IE o 25 50 B AR E A 3 duxg 2k
R BT RE S, AT AR G 5 A2
FIRERIBAR B B2 P 28, (R e Ay i MR
SR RIS R IGERE J13E 9 ( Koppenh e al.
1998; Wit 5E, 2014) o M T AFZ EAR L FE
QAR B e HE AT T AIRSE, O AR A h 2R A AR
AL SR HOR) R RE S B T B R I ek iR
RARWHE 4 4 L. Koppenhsfer (2000) . Triggiani
(1976) SEMFFE I, ARG A 2550 RES R H b R R
RBNESAEA, EHBRC I CO, Jrilb 55
2%, MLk X X 28 ) ARk T e I B 25 D
ML B A B, al e 1Lk U TE
Hio ABFFEARB 50 FEAT U 1] 4 HT 3 B P Ae
R B ORI PR BRI e, Rk s gk — 20
.

152 Ffitikgk dor, X7 &5 3 FhysliR
X RAFIEHESZ ) O BFEHCR ST EE X 5 7 Al i &
S5 RIR I RCR, Pt X 5 R AR ik i
F, PRS2 500 1R F AR R AR VA IE 4
2 RABIA SR - ILAER T EPN B $5 40 i PR %
HOW ISR B OF ST B Wi £, BligkER (2012) %f
o7 B MO it 2k LBy i 7 AR AR SR W R it O v
PEATWTE R B, A e HOWRE A T 1Y T S B
1 R AR e B b 7 P B R 2 L B R 8 A
B, AR R R B B R VA TE 5 4y HUAl
&, Bl Anfil R G 0l A e J7 ¥4 1k 2k
)4 i 28 A AR ) O A ME e RSN, T
TR R RN R IR A, Bk R
X £ HOANHI 1 145 TR - 2 R R T A 5 SR T
Tl HUOKEAR S B f A A H T 8 vl DO R

U LR ARG 5 I PR AR kAR TR I AE XS
ARG VANE S 4y 102 BRI U700 45 1 A 22 35 ]
Fr ki e — I -
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