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!"# $%&'$ The brown planthopper, !"#$%$&'$($) #*+,-. (family Delphacidae), rice green 
leafhopper, !,%/0(,(("1)'"&,.2,-. 3 and zigzag leafhopper, 4,2"#"$)50&.$#".)(family Cicadellidae) 
were determined to be the highest percentage frequency of occurrence in each bottle trap 
containing each lure. The examined insect species in the rice field had increased the number of 
predictions toward the end of the study. Hexadecanoic acid, methyl ester (C%&H"#O! ) was found 
to be a common compound at this time for all plant extracts, and it could be further developed 
and used as an attractant for insect pests of rice paddy.!
(
)*+,-%.#/  Bottle trap, Bread flowers, Fragrant pandanus leaves, Lure, Vegetable soybeans 
 
Introduction 
!

"#$%!&!"#$%&'%()*%!'()!#*!+,!#-./01+,1!%$/,/-#$!$0/.!+,2!+!3#1+4!5//2!5/0!
67-+,* 8!%*.%$#+449!#,!:*#+8!16%!./.74+1#/,!/5!;6+#4+,2!.0%2/-#,+, 149!$/,*7-%*!
0#$%8!+,2!0#$%!#*!+4*/!+!.+0+-/7,1 !%<./01!.0/27$1!5/0!16%!$/7,109(!=700%,1498!0#$%!
.0/27$1#/,!+,2!.0#$%*!6+3%!.47--%1%2(!;6#*!#*!.+0149!27%!1/!16%!.0/>4%-!/5!0#$%!
.%*1*! 16+1! 2%*10/9! /0!#,1%05%0%!160/7?6/71! 16%! .0/27$1#/,! *%+*/,8! *7$6! +*! 16%!
>0/@,!.4+,16/..%08!4%+56/..%0!+,2!0#$%!>/0%0!%1$(!&A+16+B8!CDEF8!CDGHI!A+16+B!
+,2!J6+,8!CDDKI!L+9!+,2!M%/,?8!CDDKI!N%009!+(&%,(8!OHOH)(!M/@%3%08!16%0%!+0%!
,+170+4!%,%-#%*!#,!0#$%!5#%42*8!@6#$6!#,$472%!.0%2+1/0*8!.+0+*#1%*!+,2!.+16/?%,*!
/5!3+0#/7*!19.%*!/5!#,*%$1!.%*1*8!@6#$6!6%4.!>0#,?!16%!>+4+,$%!/5!16%!0#$%!5#%42!
%$/*9*1%-!1/!+!4%3%4!16+1!2/%*!,/1!$+7*%!%$/,/-#$!2+-+?%(!&P%>+$6!+,2!"/*%,8!
CDDC)! ;6%! %55#$#%,$9! /5! -+,+?%-%,1! #*! -+#,49! 2%1%0-#,%2! >9! 16%! 2%?0%%! /5!
$/-.4%<#19!/5!16%!,+170+4!$/,10/4!-%$6+,#*-*!16+1!-+#,1+#,!16%!>+4+,$%!/5!16%!
%$/*9*1%-!&M%/,?!+,2!Q/?+@+8!CDDK)(!L6%,!5+0-%0*!.0/3#2%!/0?+,#*-*!@#16!+!

 
! 0-%%*#1-2.324(! 5$6-%/(Poolprasert, P.;(78&39/ fagrpspo@ku.ac.th 



 
 

 
 

2034 

-%$6+,#*-!5/0!-717+4!>#/4/?#$+4!0%?74+1#/,!&,+170+4!$/,10/4)8!#1!#*!$/,*#2%0%2!/,%!
/5!16%!R,1%?0+1%2!A%*1!S+,+?%-%,1!Q9*1%-!&RAS )!*10+1%?#%*!16+1!6+3%!>%%,!7*%2!
#,!16%!.+*1(!R1!6%4.%2!1/!0%27$%!16%!7*%!/5!$6%-#$+4*!#,!16%!.+*1!&P+0+8!OHCD)(!
"%27$%! .0/27$1#/,! $/*1*! @6#4%! -+B#,?! 16%! %,3#0/,-%,1! *+5%0(! R,! +22#1#/,8!
+22#1#/,+4!5/0-*!/0!-%16/2*!$+,!>%!7*%2!#,!16%!RAS!.0/$%**!1/!$/,10/4!16%!0#$%!
.0/27$1#/,! *9*1%-8!*7$6!+*!7*#,?!%<10+$1*! /5! -%2#$#,+4! .4+,1*!+*!0%.%44%,1*! /0!
+110+$1+,1*(!

R,*%$1!+110+$1+,1*!7*%2!#,!$0/.!*9*1%-*!/51%,!6+3%!$6%-#$+4!$/-./*#1#/,*!
$/-.+0+>4%! 1/! 16/*%! /5! .4+,1*! /0! #,*%$1*(! &Q%-#/$6%-#$+4*)! *7$6! +*! -%1694!
%7?%,/48! +! *%<! .6%0/-/,%! 7*%2! #,! $/--7,#$+1#,?! @#16! 507#1! 54#%*(!S+,9!
-%2#$#,+4! .4+,1*8! *7$6! +*! 6/49! >+*#48! *@%%1! >+*#48! +,2! 4%-/,! >+*#48! ,+170+449!
$/,1+#,! -%1694! %7?%,/4T +! $/-./7,2! 16+1! 6+*! >%%,! @#2%49! +..4#%2! #,!
+?0#$74170+4! *9*1%-*! 5/0! .%*1! $/,10/4! &A4#--%0!+(& %,(8! CDFOI! U+$/>*/,8! CDDEI!
S+6-//2! +(& %,(8! OHHOI! V+0?+*!+(& %,(8! OHCH)(! :416/7?6! -%1694! %7?%,/4! #*!
$/- -/,49! 7*%2! >9! 5+0-%0*! +$0/**! ;6+#4+,28! #1! 0%-+#,*! 7,$4%+0! @6%16%0! 16%!
$/-./7,2!#,!7*%!#*!*9,16%1#$+449!.0/27$%2!/0!%<10+$1%2!50/-!.4+,1!*/70$%*(!;/!
$/,10/4! /0! -+,+?%! #,*%$1*! #,! $0/.! .0/27$1#/,! *9*1%-*! 1/! -+<#-#W%! 16%#0!
71#4#W+1#/,(!;6%0%5/0%8!16#*!$6%-#$+4!#*!/51%,!7*%2!/,!#,*%$1*!#,!2#55%0%,1!@+9*(!
R,*%$1!.%*1*!/5!3+0#/7*!B#,2*!16+1!.0%9!/,!.4+,1*(!;6#*!$/742!>%!27%!1/!*1#-74+1#/,!
/0!%<./*70%!1/!3/4+1#4%!/0?+,#$!$/-./7,2*!&VX=*)!*%$0%1%2!>9!.4+,1*(!V/4+1#4%!
/0?+,#$!$/-./7,2*!&VX=*)!%-#11%2!>9!.4+,1*!6+3%!>%%,!*6/@,!1/!%#16%0!0%.%4!
/0!+110+$1!*.%$#%*!#,!16%!%,3#0/,-%,1(!:*!+,!%<+-.4%8!$/,*#2%0!16%!6%0>#3/0/7*!
&.691/.6+?/7*)!#,*%$1!&P%?%,6+021!+(&%,(8!OHHYI!P%?%,6+0218!OHHD)(!

"#$%!#*!+!.4+,1!16+1!?0/@*!#,!160%%!.6+*%*Z!C)!16%!*1%-!+,2!4%+5!?0/@16!
.6+*%8!O)!16%!0%.0/27$1#3%!.6+*%8!+,2!Y)!16%!0#$%!0#.%,#,?!.6+*%(!:1!%+$6!*1+?%!/5!
0#$%! 2%3%4/.-%,18! 2#55%0%,1! $6%-#$+4*! +0%! .0/27$%2! 16+1! *1#-74+1%! #,1%0,+4!
6/0-/,%*(! VX=*! +0%! >/16! .0#-+09! +,2! *%$/,2+09! -%1+>/4#1%*(! ;6%! -+#,!
$/-./,%,1!0%*./,*#>4%!5/0!16%!$6+0+$1%0#*1#$!*-%44!/5!0#$%!#*!O[+$%194[C[.900/4#,%!
&O:A)(!;6#*!$6%-#$+4!$/,*#*1*!/5!1#,9!-/4%$74%*!16+1!+0%!3/4+1#4%!+,2!%3+./0+1%!
\7#$B49!&M#,?%!+(&%,(8!OHCE+8!>)(!=/,*%\7%,1498!#1!$/742!>%!+!$6%-#$+4!16+1!+110+$1*!
6%0>#3/0/7*!#,*%$1*!1/!0#$%!5#%42*(!M#,?%!+(&%,(!&OHCE+)!+4*/!*6/@%2!16+1!O:A!#*!
/51%,! 2%1%$1%2! #,! 6#?6! +>7,2+,$%! #,! 0#$%! 270#,?! 16%! *%%2! 2%3%4/.-%,1! *1+?%8!
%*.%$#+449! 270#,?! 0#.%,#,?(! P%*.#1%! 0%*%+0$6! #,1/! 3/4+1#4%! /0?+,#$! $/-./7,2*!
&VX=*)!50/-!.4+,1*!16+1!6+3%!*#?,#5#$+,1!%55%$1*!/,!#,*%$1*(!M/@%3%08!0%*%+0$6!
/,! +110+$1#,?!#,*%$1*!7*#,?!10+.*! -#<%2!@#16!%<10+$1*!50/-! 0#$%! /0! .4+,1*!@#16!
*#-#4+0!$/-./*#1#/,!6+*!,%3%0!>%%,!0%$/02%2(!!

:.+01!50/-!VX=*!50/-!0#$%8!16%0%!+0%!-+,9!$6%-#$+4!$/-./7,2*!5/7,2!
#,$472%Z!%16+,/4!&+4$/6/4*)8!6%<+,+4!&+42%692%*), %1694!+$%1+1%!+,2!%1694!+4$/6/4!
&%*1%0)8!'#-/,%,%!&1%0.%,%*)!+,2!:$%1/,%!&B%1/,%*)!16+1!$/742!+4*/!5/7,2!#,!/16%0!
.4+,1*! #,$472#,?! >0%+2! 54/@%0*! +,2! ?0%%,! */9>%+,! ./2*! &]+69+!+(& %,(8! OHCCI!
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L+,?! +(& %,(8! OHCF)(!^*%! /5! .4+,1! %<10+$1*! +*! #,*%$1! 470%! 6+*! *%42/-! >%%,!
+220%**%2(! ;/! 5#,2! 16#*! B,/@4%2?%! ?+.8! @%! @%0%! #,1%0%*1%2! #,! %<.4/0#,?! 16%!
$6%-#$+4! $/-./*#1#/,! /5! +44! .4+,1! %<10+$1*! 1/! 5#,2! /71! @6+1! VX=*! +,2! /16%0!
$6%-#$+4*!16%9!$/,1+#,%2!1/!$/,5#0-!16%#0!7*+?%!1/!+110+$1!#,*%$1*!#,!.+229(!;6%!
%<10+$1*8!@6#$6!@%0%!%<.%$1%2!1/!$/,1+#,!VX=*!+,2!/16%0!$6%-#$+4*8!@%0%!16%,!
2%3%4/.%2!+*!+110+$1+,1*!+,2!1%*1%2!@#16!+!>/114%!10+.!1/!2%1%0-#,%!16%!./1%,1#+4!
/5!+110+$1+,1*!50/-!%<10+$1*!/5!16%*%!.4+,1*(!;6%!$700%,1!*1729!@+*!2%*#?,%2!1/!
*%03%!+*!+!?7#2%4#,%!5/0!%3+47+1#,?!&-/,#1/0#,?)!16%!#,*%$1*!16+1!+0%!%55%$1#3%!#,!
.+229!5#%42*8! .+01#$74+049! 0#$%! .%*1*8! +*! @%44! +*! $/,10/44#,?_0%27$#,?! 0#$%! .%*1!
./.74+1#/,*(!!

!
Materials and methods  
 
!"#$%&'&()*(+,-(.,%+)/,-0'/#$(/)0.)&'+')"()*(.$#"+(-1+2#/+&(3&'"4(+,-(56789(
+-/,"':3- (
(
! Preparation of plant extracts!

A4+,1! %<10+$1*! @%0%! />1+#,%2! 50/-! .+,2+,7*! 4%+3%*! &-%./%.0'&
%1%"#,,)23,)0')8!?0%%,!*/9>%+,!./2*!&4,#5).+&1%6)8!+,2!>0%+2!54/@%0*!&7%,,%")'&
8,%9"%)!&`#?70%!C)(!!
!
!

!
!
!
!
!
!
 
Figure 1. ;60%%! -+a/0! .4+,1*! 7*%2! 5/0! %<10+$1#/,! +,2! $6%-#$+4! $/-./*#1#/,!
+,+49*#*!#(%(!.+,2+,7*!4%+3%*!&+)8!?0%%,!*/9>%+,!./2*!&>)!+,2!>0%+2!54/@%0*!&$)!
!
! Water distillation 
 b0%%,! .4+,1! -+1%0#+4*! @%0%! $6/..%2! +,2! .4+$%2! #,! +! ?4+**! 2#*1#44+1#/,!
+..+0+17*(! :!@%#?61[1/[3/47-%! &@_3)! 0+1#/! /5! OZC! &.4+,1! -+1%0#+4! 1/! 2#*1#44%2!
@+1%0)!@+*!7*%2(!;6%!+..+0+17*!@+*!$/,,%$1%2!1/!+!O8HHH!-'!6%+1#,?!-+,14%!+,2!
-+#,1+#,%2!+1!CHHc=!5/0!CdO!6/70*(!:51%0!2#*1#44+1#/,8!16%!%<10+$1%2!%**%,1#+4!/#4!
@+*! $/44%$1%2! +,2! *1/0%2! #,! +->%0[$/4/0%2! 3#+4*! 5/0! 7*%! #,! #,*%$1! 10+..#,?!

A
. 

B. C
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%<.%0#-%,1*(! :! ./01#/,! /5! %+$6! %<10+$1! @+*! +4*/! +,+49W%2! 7*#,?! ?+*!
$60/-+1/?0+.69[-+**!*.%$10/-%109!&b=[SQ)!1/!#2%,1#59!*%$/,2+09!-%1+>/4#1%*(!
! !
! GC-MS analysis 
 ^*#,?! +! ?+*! $60/-+1/?0+.69[-+**! *.%$10/-%109! &b=[SQ)! *9*1%-8!
%<10+$1*!/5!.+,2+,7*!4%+3%*8!$6/-+,+2!54/@%0*8!+,2!?0%%,!*/9>%+,!./2*!@%0%!
1%*1%2!1/!#2%,1#59!B%9!$6%-#$+4!$/-./7,2*(!;6%!$/,2#1#/,*!/5!16%!b=!-+$6#,%!
&>0+,2!:?#4%,1!;%$6,/4/?98!-/2%4!b=!GFDH:8!^Q:)!@%0%!7*%2(!;6%!#,a%$1#/,!
3/47-%!@+*!H(e!f 4(!:,!MA[eSQ!$/47-,!@#16!YH!-!<!H(Oe!--!#(2(!<!H(Oe!-!5#4-!
16#$B,%**!@+*!7*%2(!;6%!54/@!0+1%!/5!6%4#7-!?+*!&M%)!#,1/!16%!$/47-,!@+*!*%1!1/!
C(H! -'(! .%0! -#,71%(! ;6%! $/47-,! 1%-.%0+170%! #*! .0/?0+--%2! @#16! +,! #,#1#+4!
1%-.%0+170%! /5! eHc=! .%0! -#,71%! 7,1#4! 16%! 1%-.%0+170%! 0%+$6%*! OKHc=(! ;6%!
+,+49*#*!1#-%!#*!KH!-#,71%*(!SQ!&:?#4%,1!;%$6,/4/?9!>0+,28!-/2%4!SQP!eDGe=8!
^Q:)!#*!+,!SQ!\7+207./4%!16+1!#*!2#0%$149!$/,,%$1%2!1/!16%!b=!3#+!+!10+,*5%0!4#,%!
+,2!*%1*!16%!1%-.%0+170%!#,!+,!%4%$10/,!#-.+$1!#/,#W+1#/,!&gR)!1/!CeHc=!+,2!16%!
1%-.%0+170%!/5!16%!#/,!*/70$%!1/!OYHc=!*%1*(!Q9*1%-(!+,2!#,!16%!*$+,!-/2%!*9*1%-!
#,!16%!-+**!0+,?%!/5!YH!1/!eHH!:S^!&:1/-#$!S+**!^,#1)(!;6%!/>1+#,%2!2+1+!#*!
16%,! $/-.+0%2! @#16! 16%! 2+1+>+*%*! /5! 16%! h+1#/,+4! R,*1#171%! /5! Q1+,2+02! +,2!
;%$6,/4/?9! &hRQ;)! +,2! 16%! L#4%9! '#>0+0#%*! &=6#B/@%! +(& %,(8! OHOK)(! :!
$60/-+1/?0+-!@+*!0%$/02%2!#,!1%0-*!/5!1#-%!+,2!*#?,+4!*#W%(!:!.%+B!#*!16%!*#W%!
/5!16%!*#?,+4!5/7,2!+1!+!*.%$#5#$!./#,1!#,!1#-%(!N/16!\7+4#1+1#3%!+,2!\7+,1#1+1#3%!
+,+49W%*!@%0%!.%05/0-%2!>9!$/-.+0#,?!16%!1#-%!16%!*7>*1+,$%!%471%*!50/-!16%!
$/47-,!1 /!16%!2%1%$1/0!&0%1%,1#/,!1#-%8!(! )!@#16!16%!1#-%!/5!16%!*1+,2+02!-+1%0#+4!
1/!#2%,1#59!16%!19.%!/5!*7>*1+,$%(!&;6%!+0%+!7,2%0!16%!.%+B!&.%+B!+0%+)!/0!16%!.%+B!
6%#?61! &.%+B! 6%#?61)! /5! *1+,2+02! $/-./7,2*! +1! 2#55%0%,1! $/,$%,10+1#/,*(! '%1i*!
%*1+>4#*6!+!4#,%+0!0%4+1#/,*6#.!1/!2%1%0-#,%!16%!*7>*1+,$%!$/,1%,1!#,!16%!*+-.4%(!
! !
! Attractancy test 
 ;@/!10+,*.+0%,1!.4+*1#$!@+1%0!>/114%*!@#16!+!$+.+$#19!/5!C(e!4#1%0*!@%0%!
-+2%(!Q1+01!>9!$711#,?!/55!+!16#02!/5!16%!>+*%!+,2!+**%->4#,?!#1(!;6%!%<10+$1*!@%0%!
20/..%2!/,!$/11/,!&CH!20/.*)!+,2!#,*%01%2!#,1/!16%!*%+-*!/5!16%!+**%->4%2!>/114%*!
&`#?70%!O)(!g+$6!.4+,1!%<10+$1!@+*!2#3#2%2!#,1/!+!10%+1-%,1!7*#,?!+!>/114%!10+.!
@#16!%<10+$1[*/+B%2!$/11/,!>+44!+,2!+,!%-.19!>/114%!10+.!&$/,10/4!?0/7.)(!g+$6!
1%*1!*%1!@+*!2%*#?,%2!+*!+!160%%[0%.4#$+1#/,!0+,2/-#W%2!$/-.4%1%!>4/$B!2%*#?,!
&"="P)!%<.%0#-%,1!#,!@6#$6!#,*%$1!10+.*!@%0%!0+,2/-49!.4+$%2!#,!.+229!5#%42*!
/5! +! ,/, [?471#,/7*!0#$%!3+0#%19! &"P!Fe)! +1! 16%! *1%-! ?0/@16! *1+?%! #,! J64/,?!
J647,?!P#*10#$18!J+-.6+%,?!A6%1!A0/3#,$%(!;6%!#,*%$1!10+.*!@%0%!+11+$6%2!1/!
/,%[-%1%0[1+44!>+->//8!+,2!16%!>/114%!10+.*!@%0%!*1/0%2!5/0!160%%!$/,*%$71#3%!
2+9*!>9!$6%$B#,?!#,!%3%09!2+98!#,$472#,?!-/0,#,?!+,2!%3%,#,?8!+,2!$/44%$1#,?!
#,*%$1!*+-.4%*!5/0!$+1%?/0#W+1#/,!+,2!+,+49*#*!#,!16%!>#/4/?9!4+>/0+1/09!/5!16%!
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`+$7419!/5!Q$#%,$%!+,2!;%$6,/4/?98!A#>74*/,?B0+-!"+a+>6+1!^,#3%0*#198!+,2!16%!
P%.+01-%,1! /5! g,1/-/4/?98! `+$7419! /5! :?0#$74170%8! J+*%1*+01! ^,#3%0*#198!
N+,?B/B8!0%*.%$1#3%49(!
!

!
 
 
 
 
 
 
 
 
 
 

 
Figure 2.!*6/@*!16%!.4+*1#$!>/114%!10+.!7*%2!1/!+110+$1!#,*%$1*!#,!.+229!5#%42!+,2!
+,!#,*%$1!*+-.4%!&W#?W+?!4%+56/..%08!:+5),)%&/3"'%,)')!$+7?61!50/-!+!10+.(!
(
;#+#(#"#$%&'&(

!
g<1%0,+4! -/0.6/4/?9! @+*! $4+**#5#%2! -+#,49! +1! 16%! /02%08! 5+-#49! +,2!

*.%$#%*!4%3%4*!7*#,?!16%!$4+**#5#$+1#/,!-+,7+4!/5!A+16+B!+,2!J6+,!&CDDK)!-+#,49!
$/7,1%2!16%!,7->%0!/5!#,*%$1!*+-.4%*!$/44%$1%2!50/-!%+$6!*.%$#%*!1/!$+4$74+1%!
16%!-%+,!+,2!*1+,2+02!2%3#+1#/,!&!"!j!Q(P()!+*!@%44!+*!16%!.%0$%,1+?%!+>7,2+,$%!
/5! %+$6! $+.170%2! #,*%$1! *.%$#%*! &k! 0%4+1#3%! +>7,2+,$%I! ":)! 7*#,?! 16%! QAQQ!
.+$B+?%! 3%0*#/,! Oe(H! &RNS! =0/.(8! OHCG)(! ;6%,8! 7*#,?! 16%! g$/*#-! G(GO!
+..4#$+1#/,8!%3+47+1%!16%!.0%2#$1#/,!/0!.0%2#$1#/,!/5!16%!,7->%0!/5!#,*%$1!*.%$#%*!
3#+!16%!*.%$#%*!+$$7-74+1#/,!$703%!&b/1%44#!+,2!g,1*-#,?%08!OHHK)(!!
 
Results 
!
! R,!1/1+48!@%!*+-.4%2!YCH!#,*%$1*!50/-!.+229!5#%428!0%.0%*%,1#,?!CY!#,*%$1!
*.%$#%*!50/-!CC!5+-#4#%*!+,2!e!/02%0*(!!N/114%!10+.*!@#16!.+,2+,7*!4%+5!%<10+$1!+*!
>+#1!9#%42%2!F!*.%$#%*!50/-!E!5+-#4#%*!#,!K!/02%0*8!>/114%!10+.*!@#16!?0%%,!*/9>%+,!
./2!%<10+$1!+*!>+#1!9#%42%2!CH!*.%$#%*!50/-!F!5+-#4#%*!#,!e!/02%0*!@6#4%!>/114%!
10+.*!@#16!>0%+2!54/@%0!%<10+$1!+*!>+#1!9#%42%2!CO!*.%$#%*!50/-!CC!5+-#4#%*!#,!e!
/02%0*8!0%*.%$1#3%49!+*!*6/@,!#,!;+>4%!C( 
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Table 1(!R,*%$1*!$+.170%2!#,!16%!0#$%!5#%42!7*#,?!>/114%!10+.*!$/,1+#,#,?!.+,2+,7*!
4%+58!?0%%,!*/9>%+,!./28!+,2!>0%+2!54/@%0!%<10+$1*!&,!l! Y)!

:2#*'$(;&52& :2#*'$('&1$5%*.(<=>(?(@ABAC 
D%.*% E&839+( @1*'3*#( F&2.&25

#(9*&;(
G%**2(

#-+"*&2(
1-.# (

H%*&.(
;9-,*%#(

0-9*-1$*%&( Chrysomelida
e 

6"2#$5".%$)
$&7"+,&$ (

0 1.33±1.1
5  

5.00±2.65 

Coccinellidae 8"2&$.%".)
5".20#0&  

1.00±1.00 3.00±2.0
0 

0 

B31$*%&( Cecidomyiida
e 

9&.,0#"$)0&:;$,  10 
3.33±1.53 

0 2.00±1.00 

Ephydridae <:5&,##"$)
%/"#"%%"-$(

1.00±1.73 0.67±1.1
5 

1.00±1.00 

Sciaridae =:20&",##$)"-+,-*
$ 

1.67±0.58 0.67±1.1
5 

0.33±0.58 

Tachinidae 
 

>&+:&0%/:#$1)
-"+&0("?"$#".(

0 0.67±0.5
8 

1.00±1.00 

Ulidiidae @0,2"#0(&$%/,&$)
($,-"$($)

0 0.33±0.5
8 

0.67±1.15) 

I*831$*%&( Cicadellidae !,%/0(,(("1)
'"&,.2,-. )

27 
9.00±6.56 

3.67±0.5
8 

16.00±1.7
3 

4,2"#"$)50&.$#".( 6.00±6.25 8.33±4.7
3 

10.33±8.1
4 

Delphacidae !"#$%$&'$($)
#*+,-.  (

3.00±3.61 5.67±4.6
2 

37 
12.33±4.9

3 
Miridae A:&(0&/"-*.)

#"'"5"%,--". 
0 0 1.67±0.58 

I+8*2-1$*%
&(

Braconidae B&0%0?&$20-)
.2/0,-0?"" (

0.33±0.58 0 1.33±0.58 

J*13.-1$*%&( Pyralidae A/"#0).*%%&,..$#".) 0 0.33±0.5
8 

0.67±1.15 

"

R1!@+*!0%3%+4%2!16+1!16%!?0%%,!4%+56/..%08!;+<=3(+(()6&*)"+'5+.'!&Ye(EYk)!
+,2!16%!W#?W+?!4%+56/..%08!:+5),)%&/3"'%,)'!&OY(EFk)!#,!16%!5+-#49!=#$+2%44#2+%!
+,2!16%!>0/@,!4%+56/..%0!;),%<%"*%(%&,08+.'&&CC(FKk)!&5+-#49!P%4.6+$#2+%)!
2#*$/3%0%2! 50/-! 16%! .+,2+,7*! 4%+5! %<10+$1! @%0%! 5/7,2! 1/! 6+3%! 16%! 6#?6%*1!
+>7,2+,$%(! S%+,@6#4%8! 16%! 1/.! 160%%! #,*%$1*! 5/7,2! #,! >/114%! 10+.*! $/,1+#,#,?!
%<10+$1*!50/-!?0%%,!*/9>%+,!./2*!@%0%!W#?W+?!4%+56/..%08!:>&/3"'%,)'!&YY(GFk)8!
>0/@,! .4+,16/..%08!;>&,08+.'!&OO(DGk)8!+,2! !?0%%,!4%+56/..%08!;+>&*)"+'5+.'!
&CK(FEk)8!0%*.%$1#3%498!+,2!16%!160%%!2/-#,+,1!#,*%$1*!5/7,2!50/-!>/114%!10+.*!
$/,1+#,#,?! >0%+2!54/@%0! %<10+$1*! @%0%! 16%! >0/@,! .4+,16/..%08! ;>& ,08+.'!
&YC(FFk)8!16%!W#?W+?!4%+56/..%08!:>&/3"'%,)'!&OY(CYk)8!+,2!16%!?0%%,!4%+56/..%08!
;+>&*)"+'5+.'!&CD(YFk) (!R,!+22#1#/,8!+51%0!16%!*703%9!@+*!$/-.4%1%28!#1!@+*!5/7,2!
16+1!16%!?0+.6!*6/@%2!+,!#,$0%+*%!#,!16%!,7->%0!/5!#,*%$1!*.%$#%*!16+1!$/742!>%!
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$+7?61!#,!0#$%!5#%42*!7*#,?!>/114%!10+.*!$/,1+#,#,?!.+,2+,7*!4%+5!%<10+$18!?0%%,!
*/9>%+,! ./2*! +,2! >0%+2! 54/@%0*! +*! >+#1*! 0+#*%2! 5716%0! &*.%$#%*! +$$7-74+1#/,!
$703%)!+*!2%.#$1%2!#,!`#?70%!Y(!!

!

!
 
Figure 3. !*6/@*!16%!*.%$#%*!+$$7-74+1#/,!$703%!/0!16%!0%4+1#/,*6#.!>%1@%%,!16%!
,7->%0! /5! #,*%$1! *.%$#%*! $+.170%2! #,! 16%!.+229! 5#%42! 50/-! >/114%! 10+.*!@#16!
.+,2+,7*!4%+58!?0%%,!*/9>%+,!./2!+,2!>0%+2!54/@%0!%<10+$1*!+*!#,*%$1!+110+$1+,1*!
!
! =6%-#$+4!$/-./*#1#/,! +,+49*#*! 50/-! 16%! %<10+$1! /5! .+,2+,7*! 4%+3%*8!
?0%%,!*/9>%+,!./2*8!+,2!>0%+2!54/@%0*!7*#,?!16%!b=[SQ!1%$6,#\7%!0%3%+4%2!16+1!
16%! $6%-#$+4! $/-./,%,1*! 0%\7#0%2! Y! 1/! KO! -#,71%*! 5/0! .+**#,?! 160/7?6! 16%!
$/47-, (!; 6%!%<10+$1*!/5!.+,2+,7*! 4%+3%*8!?0%%,!*/9>%+,!./2*!+,2!>0%+2!54/@%0*!
%+$6!$/,1+#,%2!CK8!F!+,2!CH!$6%-#$+4!$/-./,%,1*8!0%*.%$1#3%498!16+1! -%1!16%!
*1+,2+02! 3+47%*!0%$/02%2! #,! 16%!hRQ;!'#>0+09(! R,! +22#1#/,8!#1! @+*! 5/7,2! 16+1!
6%<+2%$+,/#$!+$#2!-%1694!%*1%0!@+*!+!$/--/,2 !$6%-#$+4!5/7,2!#,!+44!160%%!.4+,1!
%<10+$1*!#,!16%!0%1%,1#/,!1#-%!&(! )!+0%+!/5!+>/71!YC(E!+*!%<6#>#1%2!#,!;+>4%!O(!
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Table 2.!=6%-#$+4!$/-./*#1#/,!/5!%<10+$1*!/>1+#,%2!50/-! .+,2+,7*!4%+3%*8!?0%%,!
*/9>%+,!./2*!+,2!>0%+2!54/@%0*!>9!b= [SQ!+*!.%0!hRQ;!4#>0+09!

!"#$%
&'( !

)*"+,-#.%-'+/'0"01 ! 2'3+4.# ! 5"1"01,'0%6,+"%
7!! 8%+,09!

!#0:#04;%."#<";8%"#$%#$&'(#)#*+,,-./,-&' !

=% "#$%&'()!&)(*+!,-'-,.%/0#!.1%.2!! 3465 106 47! 889:;<!
>% 4-$,&2&'!! ! 3485 867! 8=9<>8!
?% ?@50*2-A0#@B@,.%/0#C/.'.%/0#&,('.! ! 3495 13B67! <;9><<!
@% BD@E1-C2-C0#$2.(*-&).%()!&)(*!! 3465 12B26 37! <<9<>;!
A% F$('()!&)(*!34 75 126 67+!G&))/&2('!,.%/0#&%.*!! 3485 7B6 3G7! <=9=HI!
B% >@J.%/0#@8K+!?@%2&'1@)0)#-/.A&'.*(-#! ! 3475 146 27! <>9;;<!
C% B.-C/0%&*(.'.! ! 34205 387! <>9H88!
D% L$%&'-()!&)(*+!<@/.A0#(,('- @+!! 34105 19B6 27! <:9I8=!
E% L$%&'-()!&)(*+!<@/.A0#(,('- @! 34105 19B6 27! ?;9??=!
=F% ?@J.%/0#.'. @M+!88@*(,.%/0#@8@*-*.).'.! ! 34155 287! ?;9H>>!
==% 5.A&*.)&'-()!&)(*+!,.%/0#!.1%.2!!! 34175 346 27! ?89H;<!
=>% ' @5.A&*.)&'-()!&)(*! ! 34165 326 27! ?>9?>H!
=?% N/0%-#!! 34205 4067! ?>9=>8!
=@% :+8<+8>@6)%&*.)&%2(.'&#!! 34185 3067! ?>9IM<!

G3""0%;'HI"#0%/':;8%0,+1-$2()#3!
=% J&#%-#!! 3465 66 37! 8;9;;: !
>% N/.'-#+!<+H@*(,.%/-A0 @!! 3465 106 37! 8I9;:8 !
?% G$)2-1.!! 34125 226 117! <;9:8<!
@% ?@6 @J.%/0#@*@O#$)-1.!! 3475 146 67! <H9>?;!
A% 5.A&*.)&'-()!&)(*+!,.%/0#!.1%.2!! 34175 346 27! ?89H<8!
B% ' @5.A&*.)&'-()!&)(*! ! 34165 326 27! ?<9?>;!
C% P('-#.()!&)(*+!,.%/0#!.1%.2!! 34195 346 27! ?>9;<;!
D% P('-#.()!&)(*! ! 34185 326 27! ?>9M;=!

J3"#:%K.'L"3;8%4#,,#*-' (5,#6*#!
=% 4&%.)/-#!! 3465 66 27! 8?9HM8!
>% B@3N(C.2(*('@?@0#7!&).%&,(*.!! 3475 146 207! 8=9>>H!
?% <@J.%/-A0#@=@Q('0#C/.'-#!! 3495 106 27! 8H9:;I!
@% E'*-#('.+!/.A&/0*2- @>@,.%/-A0 @+!)2(1@!! 3495 17B67! 8:9:MI!
A% <@R.-A0@R@O&#&)%-1.!! 3465 126 57! <<98;8!
B% <@J.%/0#@8@.%/0#C022-#(*('.!! 3475 15B7! <?9>=>!
C% N(C.2(*('.+?@(1-C2-C0#@!! 3485 17B7! <?9I:: !
D% >@50*2-A0#)0)#--)%&'.@8+<@*(-'.! ! 3485 126 37! <=9==<!
E% 5.A&*.)&'-()!&)(*+!,.%/0#!.1%.2!! 34175 346 27! ?89H8;!
=F% ! @R@J&''-C02&'-1(*.+!,.%/0#!?+H@&'/0*2- @! 34185 3067! ?<9<HM!

 
Discussion  
 

`0/-!16%!*1729!/,!16%!5%+*#>#4#19!/5!7*#,?!%<10+$1*!/5!.+,2+,7*!4%+58!?0%%,!
*/9>%+,!./2*!+,2!>0%+2!54/@%0*!@#16!.4+*1#$!>/114%!10+.*!#,!16%!0#$%!.+229!%$/*9*1%-!
/5!"P!Fe!+1!16%!1#44%0#,?!*1+?%(!P70#,?!16%!*703%98!+!1/1+4!/5!CY!#,*%$1*!@%0%!$+7?61(!
;6%! -/*1! $/--/,! /5! 16%! 5#0*1! 160%%! ?0/7.*! +0%! W#?W+?! 4%+56/..%0! &5+-#49!
=#$+2%44#2+%)! +,2! ?0%%,! 4%+56/..%0! &5+-#49! =#$+2%44#2+%)! +,2! >0/@,! 4%+56/..%0!
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&5+-#49!P%4.6+$#2+%)!#,!16%!/02%0!M%-#.1%0+(!R,!+22#1#/,8!/16%0!.%*1!*.%$#%*!16+1!
+0%!$/,*#2%0%2!+!./1%,1#+449!#-./01+,1!?0/7.!/5!0#$%!.%*1*!6+3%!+4*/!>%%,!5/7,28!
*7$6!+*Z!16%!0#$%!4%+5!@6/04!-+??/18!?#/"+,,)%&<=),)<<).%!&P#.1%0+Z!g.6920#2+%)8!
@6#$6!/51%,!*7$B!0#$%!a7#$%!+*!5//2!+,2!0#$%!?+44!-#2?%8!!"'+3,)%!3"#$%+ &P#.1%0+Z!
=%$#2/-9##2+%)8!@6#$6!$/742!?%,%0+449!5%%2!+1!16%!>+*%! /5!16%!?0/@#,?!*6//1!
&A+16+B!+,2!J6+,8!CDDKI!J717B!+(&%,(8!OHHFI!N%009!+(&%,(8!OHOH)(!N%*#2%*8!*/-%!
>%,%5#$#+4! #,*%$1*! #,$472#,?! 4+29>#02! >%%14%8!@)5"%'<)'& /)'53,3"! &=/4%/.1%0+Z!
=/$$#,%44#2+%)8! 6+#09! ?0/7,2! 54#%*8!A"8#"3<=#,%6! .)8"3()9)%,)'! &P#.1%0+Z!
;+$6#,#2+%)8!.0%2+$%/7*! -#0#2! >7?8!B#"(3"=).0'& ,)*)/)<+..)' ! &M%-#.1%0+Z!
S#0#2+%)8!>0+$/,#2!@+*.C&D"3<39"%53.&'5=3+.39))!&M9-%,/.1%0+Z!N0+$/,#2+%)8!
0%*.%$1#3%49(!]%1!16%*%!#,*%$1*!>%$/-%!#,*%$1!.%*1!.0%2+1/0*!+,2!.+0+*#1/#2*!#,!
0#$%!5#%42*!5/0!+!*6/01!1#-%!270#,?!0#$%!2%3%4/.-%,1!&M%,20#$6*!+(&%,(8!CDDe)8!+,2!
*703%9*!/,49!$+.170%!+!*-+44!,7->%0!&4%**!16+,!CHk)(!;6%!*.%$#%*!+$$7-74+1#/,!
$703%*!5/0!+44!#,*%$1!3#*#1/0!1+<+!/>*%03%2!#,!16%!0#$%!5#%42!*6/@%2!+,!#,$0%+*#,?!
,7->%0! /5! .0%2#$1#/,*! 1/@+02*! 16%! %,2! /5! 16%! *703%9(! R1!@+*! ./**#>4%! 16+1!
*$0%%,#,?! /0! 2%.4/9#,?! #,*%$1[+110+$1#,?! 10+.*! #,! 0#$%! 5#%42*! 50/-! .4+,1#,?! 1/!
6+03%*1!@/742!>%!>%,%5#$#+4(!R,*%$1!*.%$#%*!6+3%!+4*/!#,$0%+*%2!#,!16%!0#$%!5#%42*!
@6#$6!@+*!$/*#*1%,1!@#16!N%009!+(&%,(!&OHOH)(!

g<10+$1*!50/-!.+,2+,7*!4%+3%*8!?0%%,!*/9>%+,!./2*8!+,2!>0%+2!54/@%0*!
%+$6! $/,1+#,%2! 2#*1#,$1! $6%-#$+4! $/-./,%,1*I! 6/@%3%08! 6%<+2%$+,/#$! +$#28!
-%1694!%*1%0!@+*!$/,*#*1%,149!5/7,2!#,!+44!160%%(!;6#*!$/-./7,2!&=mnMopXq)8!+4*/!
B,/@,! +*! -%1694! .+4-#1+1%8! >%4/,?*! 1/! 16%! $4+**! /5! 5+119! +$#2! -%1694! %*1%0*!
&`:Sg*)8!@6#$6!+0%!5/0-%2!>9!16%!%*1%0#5#$+1#/,! /5!5+119!+$#2*!@#16!-%16+,/4!
&h+1#/,+4!=%,1%0!5/0!N#/1%$6,/4/?9!R,5/0-+1#/,8!OHOK)(!;6#*!$6%-#$+4!$+,!+4*/!
>%! #*/4+1%2! 50/-! 0#$%! &Q#0#4%01.+,#$6!+(& %,(8! OHOK)(! A0%3#/7*! 0%*%+0$6*! 6+3%!
$/,5#0-%2! 16+1! 6%<+2%$+,/#$! +$#28! -%1694! %*1%08! $+,! +110+$1! #,*%$1*! 1/! .4+,1*8!
@6%0%!16%9!$+,!2%./*#1!%??*8!$/,*7-%!5//28!+,2!-+1%(!R1!6+*!>%%,!0%./01%2!50/-!
-+,9! #,*%$1*8! #,$472#,?! 16%!>%%1!+0-9@/0-! &E<3/3<(+"%& +6)80%)8! ,+3%4!
/0+,?%@/0-!&A1#+,3)'&("%.')(+,,%)!&r#+8!OHOH)8!$/11/,!>/44@/0-!&?+,)53*+"<%&
%"1)8+"%)!&A+,2%&+(&%,(8!OHCD)8!+,2!?0/7,2,71!>/0%0!&B%"#+/3.&'+""%(0')!&;%@+0#!
+(& %,(8! OHCe)(! :22#1#/,+4498!`%,?!+(& %,(! &OHOO)! *.%$74+1%2! 16+1! .4+,1! 3/4+1#4%!
/0?+,#$!$/-./7,2*!$+,!+110+$1!.4+,1!>7?8!F#80'&<"%(+.')',!+,!+?0#$74170+4!.%*1!
B,/@,!1/!6+0-! *%3%0+4!$0/.*(! 16%*%!5#,2#,?*!2%-/,*10+1%2!16%!6#?6!+110+$1+,1!
#-.+$1!/5!6%.1+2%$+,%8!2/2%$+,%8!2%$+,+48!+,2!s[.#,%,%!/,!F>&<"%(+.')'!+2741*8!
*7??%*1#,?!16%#0!./1%,1#+4!7*%!+*!%55%$1#3%!+110+$1+,1*!5/0!16%!%$/4/?#$+4!$/,10/4!/5!
F>&<"%(+.')'>&X,!16%!/16%0!6+,28!+*!.0%3#/7*49!0%./01%2!&=6#,+$6+,1+!+(&%,(8!OHOCI!
Q#0#4%01.+,#$6!+(&%,(8!OHOK)8!16%0%!-+9!>%!/16%0!+0/-+1#$!*7>*1+,$%*!16+1!0%*%->4%!
0#$%8!>71!16#*!$/742!>%!27%!1/!16%!.0%.+0+1#/,!/5!*7>*1+,$%*!16+1!-#?61!+55%$1!16%!
*9*1%-! #,! 16%! +,+49*#*8!16%! $/-./7,2 *!#,! 16%! hRQ;! 4#>0+09! +0%! ,/1! +3+#4+>4%8!
16%0%5/0%! 16%9! -+9! ,/1! >%! 2%1%$1%2!/0! 16/*%! *7>*1+,$%*!@%0%! 3/4+1#4%! /#4*8!
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0%*741#,?! #,! 4%**! *7>*1+,$%*! >%#,?! %<10+$1%2(! :41%0,+1#3%498! 16%! *7>*1+,$%i*!
*1+>#4#19!#*!#,+2%\7+1%!5/0!16#*!#,3%*1#?+1#/,(!;6%0%5/0%8!6%+2*.+$%!3/4+1#4%!*6/742!
>%!57016%0!2%1%$1%2(!M/@%3%08!16#*!*1729!0%.0%*%,1*!/,49!+!*#,?4%!+*.%$1!/5!16%!
-/0%!?%,%0+4!$/,$%.1!/5!$/-./7,2*!16+1!+0%!#,1%,2%2!1/!+110+$1!#,*%$1*!#,1/!16%!
*9*1%-(!;6%!$741#3+1#/,!/5!.4+,1*!@#16!+0/-+*!1/!+110+$1!#,*%$1*!#,1/!16%!%$/*9*1%-!
-+9!>%!.0/-/1%2!+*!+,!+*.%$1!/5!+,!%$/4/?#$+4!%,?#,%%0#,?!*9*1%-!1/!#,$0%+*%!
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