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INDIGENOUS AND INTRODUCED DUNG BEETLES (COLEOPTERA: SCARABAEIDAE)
OF TEMPERATE AUSTRALIA: A REVIEW OF BIOLOGY, IMPORTANCE AND EFFECT

OF CLIMATE CHANGE ON POPULATION DISTRIBUTIONS.
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Both indigenous and introduced Australian dung beetles (Coleoptera: Scarabaeoidea) play an important role in agricultural
systems. Temperate grasslands in Australia are expected to have some of the greatest increases in temperature and reduction in
precipitation due to climate change which may directly threaten dung beetles. Several biotic and abiotic factors affect the
development of larvae and fitness of young dung beetles. To understand if dung beetles can continue to provide ecosystem services
across temperate Australia under changing management and climate, we review what is known about their life history traits that
will facilitate their adaption.

We believe dung beetles will continue to provide valuable ecosystem services and have potential to aid in adapting and alleviating
the impacts on crops and pastures from reduced and sporadic rainfall. However, the level of function, may be impeded due to
climatic stress and a loss of diversity with thermal specialists and some indigenous species, expected to be displaced into narrower
ranges. An increase in feeding competition from thermal generalists and introduced species will likely implement this movement.
The evidence from naturalised introduced species indicate behavioural adaptations and/or phenotypic plasticity suggest some
species will continuing to provide services that improve pasture production despite changes to climate. Ongoing monitoring of

phenological shifts will inform adaptive management of this vital group.
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Hardcover September2020 $34.99
ISBN: 9781486313808, 288 pages
Publisher: CSIRO Publishing
Colour Photographs, Photographs

Erica McAlister

.

&
&
This delightful book comprises nine chapters comprises plus an introduction and an ending. The chapters cover Pre-
adulhood, the head, the antennae, mouthparts, the thorax, the wings, the legs, the abdomen and the terminalia. The
ideas flow smoothy from chapter to chapter. It is most enjoyable book and I recommend it to anybody interested in the
natural world and those with an appreciation of the off-beat and unusual world of flies.

There are gems of fascinating information on the Diptera in every chapter, illustrated by excellent photography which
brings it all to life. The author clearly has a passion for her subject and has gone about communicating her favourite
insects to the reader in a most engaging and gripping way. A delightful book full of unique and surprising science.

&
Robin Gunning
Tamworth
NSW
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Garry A. Webb
Technomyrmex Pty Ltd, 29 Tolol Ave, Miranda, NSW, 2228

Summary
Blueberry Ash (Elaeocarpus reticulatus Sm.) is recorded as a larval host of Uracanthus acutus Blackburn for the first time. During
2019-20, U. acutus was reared from E. reticulatus from seven locations around Sydney. Previously, U. acutus was recorded from
a range of native and cultivated plants but not previously from E. reticulatus. Larvae ringbark small branches on the main stem
and then move through the centre of the branch towards the distal end of the trunk or main branch before returning close to the
point of excision to pupate. U. acutus adults adopt an unusual stance that resembles a small twig, presumably as camouflage.

INTRODUCTION
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RESULTS AND DISCUSSION
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U. acutus records from E. reticulatus
Plant material collected 2019
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Plant material collected 2020
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Figure 1 & 2: Typical dead infested branch; Large larva close to pupation stage near the ringbarked area.

Figure 3 & 4: Infested twig showing ringbark area and emergence tube; Close-up of the cut end of the emergence
tube.! !
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Figure 5 & 6: Adults in pupal chambers prior to emergence
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Figure 7: Camouflage stance of adult U. acutus"!
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GIANT PINE SCALE (MARCHALINA HELLENICA) NOT DETECTED IN NEW SOUTH
WALES
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'NSW Department of Primary Industries, Biosecurity and Food Safety, 105 Prince Street, Orange NSW 2800, Australia.
INSW Department of Primary Industries, Agriculture, 1447 Forest Road, Orange NSW 2800, Australia.
SNSW Department of Primary Industries, Forest Science, Level 30, 12 Darcy St, Parramatta NSW 2150, Australia.
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24) ) *#4
Giant pine scale, ¥"#$%"8'(*"")%*%*("$""+ is a pest of pines, firs and spruce trees. ¥""#$%"¢'(*")%*%*(‘'$" is endemic to Greece and
was detected in Australia in both Melbourne and Adelaide in 2014. To support the national eradication response under the
Emergency Plant Pest Response Deed, surveillance was undertaken to determine if the scale was present in New South Wales
(NSW). This included Public Participation in Scientific Research surveys (by the public) and targeted site inspections (by
government staff). A total of 283 sites were inspected across metropolitan Sydney and regional NSW resulting in more than
3,300 trees inspected with no positive detections. Additionally, data from forest health surveys of commercial ,'(-. plantations
in regional NSW were used to declare pest-free status, with no giant pine scale detected in 260 site inspections. New South
Wales was declared free from ¥"#$%"¢'("") %*8*('$"/) An eradication response was mounted in Melbourne and Adelaide,

although it was ultimately unsuccessful.

1'4#$%8" () exotic plant pest, citizen science, biosecurity
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JH1ES! @$H*0"-),8/7 O$H83,-),8/7 O'-/+#! ,$0-+W)!
'$01+$0! D3-/)! A,.&1"1 /@) &++-(,&/-3*! )'$$! 0$-)#!
IDS(3HSHI677IPIY&)$33, 1 HSHIG 767K

|

2013)!,/($+)(1-"$!1D!)&! 861 441 /138/ . )#1-/@! 1D!)&! 9!
4415 03] -/@! +8A$'$A! 0*1 1K B#,)$! +&))&/*! 5-<I
4,3-4$/)(1IS&1/-" 1677 ;KIY$A-35(1-"$11/,A&3),/$1-/@!
+-/1D'8QL+SIGAS ISTTIS . . (I5#, +#1#-)+# /)81 +'-53" (!
Ji-)! 0$+84$! +8A$'$0! 5,)#! JH$! S#,)$! +8))8/* 5-<!
h,3-A$/)(18/+$!H$*1 ($))38 &/1-148%0,/ .1 (,)$1IS&1/-" !
B77;KISTHI+-/I0$1&1/@!, /1+" ~+W(1-/@!)#$!*&1 . #10-"W!
&l )'$$(N D'&)$H)$A! 1/0%"! Sl 5#,)$! +8))&/! 5-<!
1,3-4$/)()#-)L)L S+ B #S/1,/13-" .$1/1408" (N)#9!
5#,)$! 5-<*14 3-4$/)! +8-)! +'$-)$(! )#$! -DD$-"-/+$! &4
(/85112 ." +13)1'$! U,+)&",-! 6788 XT\I GH I | 678BK!
JY, . 131801

|

G-)1'-3 @,(D$"(-3! & STH! (! (#&")! -(! -@13)( -'$!
5,/.33((1IS&1/-",1677 ;K1 V&0 38! +'- 538" (1 +-/1 48AS!
5,)#,/1-/0108)5$$/1)'$$(21D-"),+13-"3*1 5#$/1)"$$(1-'$)!
D3-/)$01+38($1)&.. $)#$"c!-//1-318,(D$" (-3, (1-081)1Z71 4!
JG,WE3&D&13&(! 8B ; 0! HEA$! 38+-31 (D'$-0! A-*! &++1"!
0% -/)(1 #-"AS(), /.1 JH$! $. (1 J2." +13)1'$! U, +)&",-!
678871 GH B! XT\!! 678BK!I RA$' ($-( 3&/.! 0,()-7/+$!
(D'$-@! &++1'(! 0% #14-/1 -((,0$0! 48A$AS/)(!
/4310,7.1 0%1 0S$W$SDS" (! ,/! ~1'&D$! IG,WekD&L3&(!
8B; 9P T$)-W,(! "t $K! 67877 S'$(#-4! -/0! V$1",(($!
678BKISTHI+-/10$11/,/)$/),8/-33*1(D'$-0! 11 4&A$E! /!
J550$0!D3-/)! 4-)$" -3 JA L3136, (1 /$$@35(7 +&/ (K



24 GEN. APP. ENT.I""#$1%&"1() (*!

(& N+8/)-4,/-)$01 A+, /$ 18" 1430,/ 112 " +13)1'$)
U,+)&',-1 67887 [,&($+1',)*! d1$$/(3-/0! 678BP GH I !
XT\I678BK(!!

|

STH! 5-(! @,(+&A$'$@! &/! -4$/,)*! D3-/),/. (! &4l
ST IXIXE/UK! VRS- &1 "-@,-)-1 D,/$KI /!
V$3081'/$! JR+)&0$'! 678ZK J2." +13)1'$! U,+)&",-!
678BK! -/@! /! 20%-,0$! JGEASA0$'! 678ZK! JT",4-"*!
VO1()",$(H&L)#21()'-3,-1678BKIN/121()"-3,- I STH!, (!
+8/(,08'$0!-/1$<8),+ID$()!-/@!-1)#'$-)) & H$! (8%) 5880!
D3-/)-),8/1,/@1()*1-/@'-4$/,)*ID,/$!D3-7),/ . (@1$!)&!
(1 -0,3)%1)&1 +-1($1)"$$! @$-)# 12" +13)1°$1 U, +)&",-!
678BKI! "'H#S! 21()"-3,-/! (84)5880! D3-7)-),&/! ,/B1()"*!
5-(1 A-31$0! -)! =8(8;! 0,8,8/! J2." +13)1'$! U,+)&",-!
678BKI -/@! SIS $°-0,+-),8/! 5-(1 @$54%0!
-DD'ED",-)$! JO-'/$..$! -/@! G-#'1/.1 678BK! \/!
20$3-,08) -348&()! 877! )'$$(1 588! 6$()'&*$0! )&
$'-0,+-)$! STH! /! VI081'/$) &AS'! 897! )'$$(! 589!
8$()'8*$0! #&5$A$" D103+ (1DD&’)! H&'1 J#$! D'&.. "~ 4!
05+3,/50! 5HB/1 -1 41 )JH$"| 25771 )'$$(1 58'S! ,03/),4,50!
-/0! (+£301350!46"10$()' 1+),8/1J0-"/$.. $!-/@IG-#'1/ .!
678BKI! O#$4,+-31 +8/)"83! 5-(! "$A$-3$0! )&! 08! 3$((!
$HhS+), ASI)#-/1$<DS+H)$AC " 4$1$"-@,+-),8/1D"&.. - 41 5(!
#9901 -/0! JHS! D'&. -4 +-/ .50 )& €)'-/(,),&/! )&
A-/- $AS$/)f1 HS )R)-3 +&(O( &4 (1 D'&."-4!
3$-0,+-),8/1-701)'-7(,),.8/1)8! A~/ - . $AS/ K1 -"$13 W31
)8l $<+380! 2al =;! 4,8,8/1 J0-'/$. 8! -/0! G-#'1/.)
678BKI! "'#$! 0,()',01),&/! &4l STH! /1 21()'-3,-! (!
F17$/)31 "$()",4)$0! )& )'$S( /1 LT$)$T! VR081/S!
J2A)g, (11"HSHIB76 7K

|

e85,/ .1 JH$! 09)$+),8/1 8 -/~ AS" . $/+*I T3-/)I TSN
-1G-),&/-31D3-/1, (! @SASIEDS! 0%1 #$135-@! - . $/+*1-/@!
-(1 D=")! &% J#-)! D3-/ @$3,4,)-),8/! (1'A$,B-/+8! 5-(!
'$N1$()$0!-/0+6/01+)361)&109)$" 4,/$!)#$10,()",01),&/!
841 YS! DS()! )&! -(+8")-./! SHSHS' )1 (1 )$+#/ +-31
1$-(,0381)81$"-@,+-)$1,(SL)#$IDS ()1, (1/&)16, ()",01)$0!)8&!
§-"K1 J2/@$" (&/1 1" $H# 678EK! 2(1 D-")! &1 )#$! /-),8/-3!
STH "$(D&/($! GHE! X$D-')4$/) &4 T',4-'*
V@10, $(IGH B IXT\IB78BK! (1" A$*$14E " ISTH!,/108)#!
H8$()"*1-/0!-4$/ ) ¥ID3-/),/ . (0" #, (1,/+31630")-" . $)30!
3-4),A$K! (1" A$,B-/+$10%I X T\I-/ @ L&+-31L-/@IHS"A, +$(!
()-441 /@) #$! 1($! &K1 TL03,+1 T-"),+,D-),8/1 /1 H+,$/) b, +!
h$($-"+# JTTHRKI TTHR!, (1 -1)*D$! &4 +,),087/! (+,$/+!
-/011) 3,(3(13<,0),7 . 1/$) 58 W(1&HIDSED3S!)&IH+E33$+)10-)-!
&/) -1 D-"),+13-"1 (+,$/), 5,41 ,((1$! /@' +-/! (1DDISA$/)!
(D$+,5,+! (1'A$*(! JQ-*588@! 678ZK(! H1'A$,B-/+8! 48!
STHIS-(1+6/(,08"$0!-/1-DD'&D",-)$1)&D, +&" I TTHN!-(!
YS! DSOF(L LI 5-<1 $<+'$),8/(1 -"$! $-(,3%1 A, (0381 )&
S /-W$@! $*$! -/7@! D,/$! )" $$(! -'$! -! 5 "$+&. 7, (50!
)"$$1 "IN Q$'$N 5! '$D&) &/1 J#$! -+),A,),$(!
1/@$")-W$/! /1 GH 1 )&l @$48/()"-)$! 135084 ! 484!
STHII™#$1D$()! 5-(1/8)!@$)$+)$@!,/IGH B 1-/@1)#$1()-)$!
5-(10$+3-"$014" $$14'& 41 STH!
— :@DA?:E2i-8"i—D@FB" 2

1 O8O, -

TSI (1'AS,B-/+$1D" 858 4) 5- (1, 0331481 4$ 408" (184 #S!
D103,+1)&ID-"),+,D-)$! /1 . AS/1)#$1$<)$/(,A$I D3-7),/ . (!
&4 D,/$1)"$$(! /1 D-"W(! -/@' .-"@$/ (" /0! }#S$! '$3-),A$!
$-($! 5,)# S#,+# STH! +-/1 03! @$)$+)$0! JY, . 1'$! 8K!
h$N1S()(! &' D-"),+,D-),&/! 5$'$! ($/)!)&! S&3H GH 17!
G$5! Haly# N-3$(! S& 0&1'($! H1D$',/)$/0$/)(!
2((&+,-).8/1 \V/(,)1)$! & 21()'-3,-/! 08&/(13)./.!
2'08",+13)1",()(! L-/@(+-D$! 2((&+,-).8/! & GH ! i!
20" GH ! Y&'$()! T'801+)(! 2((&+,-),&/1 -/@' J#$!
0$49)$" $(1 110°$4-)&",-12((&+,-),&/1GHIGH B (1" #3($!
-((8+,-).8/(15$'$))-". $)30!-(1 4$((- . $1413),03,$" (1-/@!
-(WS@! )&! D-((! &/ J$! "SNIS()! )&! S, 4$40$" (!
200,),8/-3) 38+-31 +&1/+,3(! /) HS H*Q/$*1 \B-5-""-!
/00 QL/)$'! '$..&/(1 ) #-@! -1 @348 -D#,+
+8//5+),8/15, )1 S"$$+$1 53751 -3(&! ($/)! "SN1$( (¢! ""#, (!
@$4&."-D#,+1 . "@1DI5-(1)-". $)$0! 015)&! 4314, ()&" +-3!
D'83,48"-),&/ 1M STH! /1S $$+$1ITS)"-W, (11451016 788K(!!
|

21W,)! 5-(1D"$D-"$0! )&! (1DD&")! $-+#1 "SNIS()C! 45! W,)!
+8/)-, /30! -1 +8AS" 1 19))$" $<D3-,/,/ . ! (,)1-),&/1 -/ @'
J#$! "SN1$()! &1 D-"),+,D-),&/7 -1 h-+)! (#$$)! -0&1)! )#$!
D$())-/@!-1"$+8" 0! (#$3)!)&10$!%,33$0!,/1-/0!"$)1' /$0!)8!
GH B I XTI 46! "$+&"0! (#5$)! 5-(! -1 (,4D3$! )-03$! )#-)!
- (WSO 481 JH$! /-A$! /0! DHE/S! /1408"1 &4 -1 +8/)-+)!
DS$* (&/71)#$136:+-),8/1 &1 48!,/ (D$+),&/713-7@! 1($71)*DS!
811 )'$$! M W/RS /KN /1408 841 D,/$1)"$$(! ,/(D$+)$E7
-/@1)H$! /14081 841 )'$$(! 5,)#! (*AD)&4 (! &4 STHL! 2!
+8AD3)$0! $<-4DIS! &Kl -1 (1°A$,H-/+3! '$+6°0) 5-(!
D'8A,0$8! )&! +3$-"3%1 $/+81"- . $! D-"),+,D-/)(! )& "$D&")!
7$.-),A$1"$(13)(1- (15831~ (ID&(,),A$!"$(13) (0 2!5$0D- . $!
5-(1 @$A$&DSA! 5,)# (1DD&'),/.! 4-)$' -3 -/@! H$!
.$/$'-3ID103,+15-(1$/+81" - . $0)&! L($)HS($!"$(&1"+$(C!
"'#$1 5$0D- . $! 5-(1D"&48)$@! /1 )#$! GH B I XT\I T3-/)!
[L&($+1")*! /$5(3%))$"C SEAS'/A$/)! &b, +$" (1) -, /38!
J10,&($+17)¥1D'&+$01"$(71 A, (,)$8! (,)$(! ,0%/),5,$0! O*!
A$408" (18H)#$1D103,+71-/@! 4 "$N1,"$07! (-4DI$(15$'$!
)-WS/1 /1 -10,&($+1"$! 4-//$"1 -/0! (/))& GH B I XT\!
3-08-)8" $(&"1,0$/) %, +-),8/0!

|

2)*/0:01'2""*30185) -&0"

H)-H §'&4! GHE! XT\! -/@! L&+-31 L-/@! H$'A,+$(!
+&/O1H$0! YS! (L'ASH-/+80 HL'AS*(! +&/(,0$0! &%
/(D$4),&/ (184D, /81)'$$(1-/@! ($-"+#,/ . 14&" 1) *D, +-3!
(*AD)&A (! HDS$+h,+! (1'A$,%-/+$! 5-(! +&/01+)$0! &4!
L= )81 +'&(( S H*@/$*1 0-(,/1 -/@! /1'$. &/-3)
-'$-(11'841 GRASA0$'! 67821 )8! j1/$! 678901 23(&! 59!
1(30! D'$:9<,(),7.! (1'A$,B-/+8! @-)-1 4*&41 43! -//1-3)
HE'S()! #$-3)# (1°A$,3-/+8! D'&."-41 &4l +844$'+ -3
M= 1D3-/)-),&/ (1 /) GH 17 5, +#1 ="$1+-"" $01 &1)! 0*!
)'- /3018 S()HS-3)#! (1°AS, 3-/+81 &, +$" (1JO-"/$. $!1"
SHIBTTMKIXL" 7 (L (1A, %-7+$71)"$S(15$"$IA, (1-33!
/(D$+)$0! 48" #$-3)#1  ((1S(! ,/+310,/.1 ,/(D$+),/ .1 48!
(,.7(~/0 (AD)&A(1&/1%83,- . $10"-/+#$(N-/0")" LA(C!
Q$"$! 53! -((14$0! J#-)! J$($!)'-,/$0! &4, +$" (! 58130!



+# ,-.-/O\ET AL112-/ _314-

#-A$109)$+)$0! STH!(*AD)&4A (1, HD'$($/)I Y& $() H#$-3)#!
(1'A$,3-/+8! @-)-1 4'&4 —+'&((! GH I 1 48" 678Z! 5-(!
/+310$01& ), (116!

!

AD2CE@2%
g O 8O, -
X1',/.1)#8!'$D&"),/ .1 D$" &7 GH I | XT\I "$+$, A$! >7!
'$D&)(1 -(1 -1 "$(LY)! &K S TSNIS()! #&'! D103+
D-"),+,D-),&/13Y, . 1'$(! 6k>KC! ""#$! &34 +310(! 5$'$! 0*1
-1 S 480! $/HL(-(+ D-")+D-/)( V-F&!
+$49)8" $(1 /1 H*0/$*1 D-"),+.D-)$01 )&l 1 33(($"! $)$/).!
B $!"$+$,A30! "SDE") (11841 651 0, 1$"$/)! . &3 +&1" ($("
)58 4-F&" T H*@/$*1+34$)$" $(21 -/01 &/$138:+-31+81/+ 3!
R/$!"$D&")I5-(1"$+$,ASONH" &1 . #)HS! ™ <8),+IT3-/)IT$()!
Q&)3,/$) -1 /-),8/-31 DH&/S! ($"A,+$0 \/! GH B 7! !
#8)3,/91,(1 487,)8"$0! 0% GH I I XT\! ()-¥i! -/@! $/-038(!
J$! . $/$"-31 D103, +1)&! "$D&")! (1(D$+)! D3-/)! D$()(! -/@!
@,($-($(C! T103,+1 D-"),+,D-),&/! (1'A$,33-/+$! D'&A,0$4!
48" 4-),8/18/)#$! D&((,038! STH! ()-)1(! &1 4&"$!)#-/1
:Z771)"'$$(C1G&ISTH!I5 - (1&1/@C!
|
2)*/0:01'2""*30185) -&0"
21" )H$'16; ;>1-487 1) $$(1,/HSIH*G/$*I [-(/!- /6!
'$.,8/-31 GH B 5$'$!,/(D$+)$0! 0*1 .&A$"/4$/)! ()1
BAS'! JHS! +81°(S! &M JH$! STH! "$(DE/($! (1'A$,B-/+8!
IV, . 1°$(16k>K0! 2/1-00,),87-316; 71 ()8! -(($((4$/)(! /!
18AAS'+ -3 - 1D3-1)-),&/ (1538 +8&/01+)$0! - (ID-")!
841 WS 67871 H&'$() HS-H (1'A$B-/+$! D'&."-4!
3Y, . 1"$( 6k>K0! HSAS'-31 (-ADI$(! &% (4D)&A(! (,4,3-"!
)& STH! 5$"$!"$D&")$0! )8! -/@! +£33$+)$6! 0% GH I | XT\I
(-4 JY, . 181 ZK! 231 53781 ,0$/),5,$0! - (! D,/$! 58ER*!
-D#, @1, ++1- 4/+ILIKI& 167 143* H(BBHI9HIS, 8))$KCl!
|

"22/C227B8k

H1'A$,3-/+$14& I STH! /I GH I 11&3385$0! 09)$+),6/! &4
STH! /1 \V/$30&1'/$! -/@ 203,05 GHE! 1($@! -!
+840,/-),8/" &4 (D$+h+1 -/@ $/$'-31 (1°A$,B-/+8!
INTTO!678MKN ,/4316,7.11) 3,0,/ - | Y#$! TTHR! -DD"&-+#!
TTHH! +-/108! -1 @ 4, +13)! AS)#EA! )& +833%+)! (+,$/) 4, +1
@-)-0 TTHR! 4-*1 /&)1 08! - (1 -++1*-)$! -(1"$(1I)(! . -,/$0!
1841 D'HS((,8/-3! (1'A$,B-/+80! Q&5$AS™ TTHh! +-/1
03! -1 A$™1 1($K13 -/@! +#$-D! )&&3! )&! &0)-,/! 3-".§!
-A81/)(1841 (1'A$,%-/+$10-)-14'841 -1 5 @S -"$-1 IS
D'&F$+)!,(15,8$(D"$-@7$-(*!-/@IN1,+W1)&ID-"), +,D-)$! /!
-/0!,(1"$(81'+$@!-DD'&D" ,-)$3*(1Y&'ID-"),+,D-/) (! TTHh!
+1$-)$(1- 14883,/ . | &4 D3-+$1 /@1 -1 ($/($! &4! +&/)' 01),8/!
JQ-*58801678ZK!

|

V&S H-/1 670 $<&),+ DSO( -/@ 0,($-(5( &H!
-0&$(+$/) #&()(! #-AS! $()-03,(#$@! /! 21()"-3,-!
IG-#'1/.1-/@! O-'/$. $! 6767K(! HSAS/)*:&/$! D$'+/)!
841 @9)$+),87 (1 &4! J#$($! DS() (! &++1""$@! (,/+$! 8BB; ! -/@!
#-AS1 0$$/1 '$D&N)$A! H'&L.# .$/$'-3 ID-((ASK!
(1'A$,%-/+$1 JO-"/$.,$! -/ G-#'1/ .1 678BK(! 213-" $!
D'&D&"),&/! & J$($! DS (! 5$'$! 6%)$+)$6! &/ -4$/,)*!

-5167/%$5!/865_.319:#,!_6; 25

)B4, (1, .43, . ) (WHSI08/$h,)(1-/ @&/ . &,/ . 1/$$01)&!
$/+81'-.$! D103+ D-"),+,D-),&/! /! 0,&($+1")*!
(1'A$,%-/+801 HSAS'-31 D'&. -4 (1 /1 "$+8/)! *$-" (! #-AS!
)-".$)$@!D103,+1D-"),+,D-),8/ 148" 1$-"3*10$)$+),&/184!)"$$!
D$()(! 30.01
#)D(CNS<)$/ (,&/-1(C+840-1108)-/,+.-"@$/(0,&($+1",)
*1+88"0,/-)$0: (1'A$,B-/+$:0%:08)-/ +: . =" 0%/ (: ()-HHIK!
\/I678ENTTHIS-(11($0! (1++$((4135*1)&! (1DD&")!GH I !
S0($/48! #3400 WeAl "&4A-)8 T&-)&! T(*H,0!
SIS (8(; T I JH13+K1 JQ$4 D)$" ¢! " &g, B-$K!
IX&A,/,-WI"ESHI 676K H1'AS,%-/+$1H&"1$<8), + D$()(!
'$4- /(1 ,AD&)-/)! &'l GH 12! D-"),+13-"3%1 5 )#1 )9l
.380-3,(-),&/184)"-@$1 2/ @S (&/11"H$HE6 7 SEKC!

|

R1" (1°A$,8-/+8! D"&5$+)! @548/ ()"-)$0! )#-)! STHI 5-(!
/8)ID'$($/)!,/IGH 11,/1678971-/0! (&!D"&A,0$6! (1DD&")!
)&l +8/),/181 8! /-),8/-31 $'-0,+-),&/0! Q&5$AS™! /1
678;0,)15-(1/-),&/-3*1- . "$$@1)#-)1$"-0,+-),&/ 184 STH!
5-(1/8))$+#/ +-B*11$-(,03LT", 4-"*I\/@1()" $(H&L)#!
21()'-3,-1 6788 O-"/$.,$! -/@! G-#'1/.1 678BK(! 43!
$7-0,+-).871 DI-/1 )'-/().8/%0 )& -1 /-)&/-3
4-/-.$4$/)\D3-/0 STH! ,(1]D"&#,0,)$0! 4-))$'N 1/6$"!
Sl G$5! H&L# B-33(1 *8.1(-""%F 6(" <=>7M
H,4 3-"3* STHI#-(1 /&)! 0$$/! @$)$+)$6! /! A 1$$/(3-/@!
-/@! (! 1D"8#,0,)50! 4-))$N 1/0%"! J4$! d1$$/(3-/@!
481 (-6 ("t<=>@:I [&($+1",)* d1$$/ (3-/0! 678BK(:
GH I L+17$/)3%1 #-(1 /1 -//1-31 (1'A$,B-/+8! D'&."-4!
K81 $-'3%1 @9)$+),8/) &K $<€),+ 4&'$()! DS()(! S¥, +#
J43108(1(1'AS, B-/+$146 " ISTHIIO-"/$. $I1"4SHI678MOKC!
STHI#-(1/8)! 0$$/! @$)$+)$0! 184! JH$! (1°A$,B-/+$! &4
48/ )1)'$$(1-/01D3-7)-),8/ ()&j1/$16 7680

|

STHI#-(1/8)10$$/10$)$+)$@!,/!G$5!m$-3-/@1IS $(#-4!
-/@'V/$1",(($! 678BK! Q&5$AS ! -(!,/1 21()*-3,-1 $-"3*!
0)$+),&7! 5,331 081 WS*1)&! -/*1$"-@,+-),8&/! -))$4D)(! ,/!
G$5! m$-3-/@! i @5)$+)$0! IS'$(#-4! -/@' V$1",((3!
678BP1O-"/$. ,$! -/@! G-#"1/ .1 678BK(! ""#$!%133! , 4D-+)!
&K STHI&/! 21()*-3,-1 #-(1 /&)1 033/ - (($(($0! #8&5$A$"!
+3,4-)8! +#-/ .31 (13, W$3*1)&! $<-+$"0-)$! D,/$! @$+3,/9!
J2A)g, (1 1" S 6767P! Y&)$R,! 1" $K! 6767K! G-)1'-3!
$/34,$(1-"$1-0($/)! /1 /$53*1 /A-@30! +&17)",$(! (1+#
-(121()"-3,-1 -/@! O"&-),-1 IY&)$R,1 1 $H! 6767K!! Q, . #!
D&D13-),&/(! &K STH! &#)$/! *$(13)! /1 -1 *$@1+),8/! &%!
/($+)10,&0,A%"(,)*1JT$)"-W, (! 1"t 41 67887 bS(,3! 1" St
B7TOKC! "#$ $h& " "$($-"+#1 (1 "SNL,"$@! ,/! JH$! (#8")!
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Guava (Psidium guajava L.) is one of the most
ubiquitous tropical fruits of the Myrtaceae family and
is commonly used as a food throughout the world
(Sarwar ef al. 2014). The plant can be found in all
tropical and subtropical regions on America (Junior et
al. 2013). Guava is frequently grown in orchards or
harvested from the wild. Extracts of root, bark and
leaves of guava are used in folk medicine to treat
gastroenteritis, vomiting, diarrhoea, wounds, ulcers,
toothache, coughs, sore throat, inflamed gums and
many other conditions (Sarwar et al. 2014).
Additionally, guava has been widely used in traditional
medicine to treat hypertension, inflammation, pain and
diabetes (Diaz-de-Cerio et al. 2017).

Guava is sometimes included in the super foods
because it is rich in dietary fibre, vitamins A and C,
folic acid, dietary minerals, potassium, copper and
manganese. Additionally, guavas have a low-calorie
profile and are a source of antioxidants, carotenoids
and polyphenols (Sarwar ef al. 2014). Brazil is one of
the world’s largest producers of guava with a
production of 328,000 tonnes in 2009. Similarly,
Mexico, has a long history of local consumption and
guava export potential (Birke and Alija 2011). In
Africa, guava is the third most important fruit grown in
terms of area in Eritrea (Hussain et al. 2015). However,
fruit flies are a major obstruction to guava
commercialisation (Junior ef al. 2013).

1.23212"16 ,"*1452)*"17 , +17+ _ (*!175(8"

When ripe, guava fruit emit a pungent, musky or
sweet-smelling odour that attracts fruit flies (Sarwar et
al. 2014). Guava fruit may have some properties that
promote or improve reproductive potential in the fruit
fly life cycle. Carambola fruit fly, Bactrocera
carambolae (Drew & Hancock), emerged from guava
weighed 12.24 mg but only 8.16 mg when emerging
from carambola (4Averrhoa carambola L.) (Castilho et
al. 2019). In a laboratory assessment with the choice
of six host fruit, peach fruit fly (Bactrocera zonata
(Saunders)) developed 318 pupae per guava fruit with
an 88.6% emergence. This compared to banana, the
second most preferred fruit, with 266 pupae per fruit
with a 36.8% emergence (Rauf et al. 2013). Guava
could support >1,000 pupae per kg when co-infested
with Anastrepha fraterculus (Bezzi), A. striata
(Schiner) and B. carambolae (Deus et al. 2016).

Guava is a preferred and frequently damaged host fruit
(Sarwar ef al. 2014). In Africa, Hussain et al. (2015)
found 31% of guava fruit were infested with
Bactrocera dorsalis (Hendel) or Ceratitis capitata
(Wiedemann) in Eritrea. Mwatawala et al. (2006)
found Bactrocera invadens (Drew, Tsuruta & White)
(syn. B. dorsalis, (Schutze et al. 2014)) infested 37.5%
of fruit in Tanzania. Similarly, Rwomushana et al.
(2008) reported 32.9 % of fruit was infested by B.
invadens in Kenya. Additionally, Bactrocera invadens
caused up to 92.5% infestation in Mozambique (Jose
et al. 2013). Levels of infestation can be affected by
country, season, altitude, climate and other factors
(Mwatawala et al. 2006, Rwomushana et al. 2008,
Follett et al. 2021).
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Where no pest management is practiced, the entire
guava crop is damaged (Quresh and Hussain 1993). In
Pakistan, 1"#$%&"(" infested up to 18.6% of guavas
(Sarwar )(# ** 2014). In West Pakistan, 1" $%&"("
damaged 25-50% of fruit (Syed )( "*¢1970). High
levels of infestation of guava resulted in abandoning
production in Southern Pakistan (Sarwar )(#"*' 2014).
In India, 1"#+%,,)+(" (Bezzi), guava fruit fly, caused
fruit damage ranging from 60 to 80% (Jalaluddin )(#"*.
1999).

In the Americas, similar issues are reported.
-&".(,)70%¢ .%,%+1*" (Zucchi) and -"% $)&*3%)
(Zucchi) were bred from guava fruit however
infestation rates were not recorded but samples were
dominated by -" .(,2°(" (Maciel )¢ "* 2017).
Regarding -"#4,%(),+1*1., guava cultivars with the

highest infestation rates were correlated with the
highest soluble solids content and colour, with yellow
fruit being more attractive (de Oliveira )(#** 2014). In
Costa Rica, -"#.(,2"(" was detected in 97.8% of all
guava fruits (Junior )(f ** 2013). -&".(,)/0%.(,2"("

infested 70.8% of examined fruit in Ecuador (Junior )(#
"* 2013) and 65.6% in eastern Amazon (Deus )( "*

2016).

In Australia, guava is not grown commercially but is
frequently found in urban backyards (Dominiak )(#"*
2020; Lloyd )(#"* 2013). Regarding ¥ "+(,%+), "#(,5%&2
(Froggatt), Lloyd )(#"*' (2013) found guava was more
heavily infested (318 adults/kg) in the sub-tropical
Queensland compared with the temperate New South
Wales (92 adults/kg) (Dominiak )(#**' 2020) (Table 1.).
In Western Australia, Woods )(#**' (2005) found guava
heavily infested (160 adults/kg) by 6"+ /2("(".

DU () *" '+, - b0/ H0S0/ L %26-34/ , I3 * AHNEE-647* 7" Wk~ 58"" 2*$/ . 62%/%8/% 28038~ %49 = -6k = *"*+"465*0/ (8 5 - . /&
<0/ #4080/ 1003 20<8= 5 >P06#" . %26 LA -S5%//8/8"*$6=BCB " (8

>7%80%. & D*7"W7%509:4 | E2*8/.47%56 | F%6%5%38%
-6465*0/4""324 9:4-6865*0/8
37> 3245 >%
=&".(,)/0"4.//"14 231 (VG) Maciel )(#"*. (2017).
-&".(,)/0"#,"(),+1*1. (Wiedemann) 261 (VG) Ovruski )(#"* (2003).
-&".(,)/0".(,2" (" (Schiner) 86 (G) Junior )(#"*' (2013).
U+(,%+), "#3%, . "*2. (Hendel) 217 (VG) 142 (VG) Jose )(#"*" (2013).

1 +(,%+), "#,"1)&4)*32 (Schiner)

174-580 (VG)

Leblanc and Allwood (1996)

1 +(,%+), "#(,5%&2 (Froggatt)

92(G) | Dominiak )¢** (2020).

318 (VG) | Lloyd )(™. (2013).
6), "(22.4"&%&") (Graham)t 133 (VG) | Copeland )(#** (2006)
6),"(2Q.4+" /(" (" (Wiedemann) 160 (VG) | Woods )("*. (2005).
6),"(2Q2.#+%.5," (Walker) 948 (VG) | de Graaf (2009)
6),"(2(2.#4" .+28)&5(,2. (Bezzi}t 182 (VG) | Copeland )(#** (2006)
6), "(2(2-#,%." (Karsch) 1072 (VG) | de Graaf (2009)

* Sample was dominated by —"4.(,2"(" with 258 of the 273 —-&".(,)/0" spp (5 species) detected in guava fruit.
VG = very good (>100 adults/kg of host fruit from Follett )(#**' (2021))
G = good (10-100 adults/kg of host fruit from Follett )(¢**. (2021))

#
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I used a literature review to gather data on tephritid
infestation of guava fruit. Unfortunately, many papers
report tephritid infestations in several formats and this
makes comparison between host fruit or countries
difficult. There is merit in reporting infestation in a
standard format. Follett )(#**' (2021) proposed a host
suitability index based on the capacity of different host

fruit to support a complete life cycle of fruit flies. The
index is based on the number of fruit flies that could
complete their life cycle per kg of fruit. Ideally, data
gathered from field infestations is more likely to reflect
genuine capacity, compared with laboratory generated
data (Cowley )(#"* 1992, Follett )(# **' 2021). In my
review, some authors focused on detections of pupae
per kg of fruit. This pupal data does not fully reflect
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the host’s capacity to support the full life cycle (see 1"
$%&" ()** in Table 1), but it does serve as a guide in the
absence of adult survival per kg of fruit.

Unfortunately, there is less data published on guava
compared to some worldwide commercially grown
fruit. The available data is presented in Table 1. Most
impressively, +,&(-**"#&%"( (Karsch) produced 1072
adults per kg (de Graaf 2009) and was the most
efficient user of guava fruit flesh requiring only 0.93 g
to complete their life cycle. This is compared to +"%
.(/*(-( (Wiedemann), much more widely distributed
internationally, which used 6.25 g per adult (Woods ,-#
()'42005). Generally, guava fruit fall into the highest
category of suitability; this is a “very good” host
supporting more than 100 adults per kg of fruit. This
“very good” suitability compares with the suitability of
fruit such as oranges (+*80"# "*1,1"*"# (L.) Osbeck)s
which supports a range of infestations such as 2
pupae/kg (1'9)(-2%1" Hendel), 85 pupae/kg (3,08(.0"
.0.0&4*(, Coquillett), 7 adults/kg (+%.(/*(-(), 11
adults/kg (14$%8&"()*" Hendel), and 142 adults/kg (1"
-65%1*) (Ovruski ,-#()'#2003, Mwatawala ,-#()" 2006,
McQuate ,-#()" 2015; Dominiak ,-#(). 2020).

For commercial guava producers, this high suitability
means that fruit fly management must be at a very high
level to prevent fruit damage. In situations such as
Australia, guava trees should be used in surveillance
due to their attractiveness. Guava plants could be used
to identify range extensions due to climate change
(Simpson ,-#()#2020). Similarly, apples were reported
as a preferred surveillance host tree for 1"#-&5%1* (Mo
,-# ()" 2014). More research is required to verify if
guava is similarly very suitable for other tephritids.
This literature review found data on only ten tephritid
species (Table 1).

This knowledge can be used for informed decisions in
areas where fruit flies need to be managed, particularly
for domestic or international trade. Deus ,-£(). (2016)
summarized multiple cases of tephritid exotic
incursions in many countries. In surveillance, guava
plants could be used a sentinel plants for the early
detection of exotic fruit fly incursions or range
extensions of endemic species. Additionally, this host
suitability information could be used to assess the
biosecurity risks due to the possible importation of
guava fruit from other countries.
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The insect growth regulator pyriproxyfen in two formulations (Sumilarv 90 CS and Sumilarv 5 GR) was evaluated in semi-field
trials for the control of immature stages of 1"#$%t""'() """$*+,-(+.",iSay. In the first trial, the two formulations were compared
with the industry standard Prolink 50 CS (50g/L s-methoprene) at the field application rate for Prolink (ie. 11gai/ha or 3.7 ppb) in
50 L tubs. All three products produced 100% emergence inhibition of a single generation. In the second trial, Sumilarv 5 GR
was evaluated in two-litre buckets over various nominal concentrations from 500ppb down to 0.5 ppb for five successive
generations over 60 days. When applied as a granule, Sumilarv 5 GR produced 100% emergence inhibition across 5 generations.
However, where serial dilutions of Sumilarv 5 GR treated water were tested, efficacy was greatly reduced. To investigate this
phenomenon, the dilution process was repeated and samples analysed for pyriproxyfen content. The dilution process generated
just 6 ppm (against the nominal 500 ppb) indicating that the granules were very stable in water and the pyriproxyfen was not
readily released. Further, the pyriproxyfen content of water over 10 weeks following application of granules (nominal 500 ppb)
showed an erratic but gradual release of active ingredient and a peak concentration of just 8.5 ppb at 1 week declining to below 1
ppb at 10 weeks. Pyriproxyfen was very effective in inhibiting emergence of 1%/4*"() """$*+,-(+.", adults for multiple generations
at less than 10 ppb, and probably much lower. Sumilarv 5 GR when applied directly to water at 0.1g/L (nominal 500ppb)
provided emergence inhibition for at least five generations over 60 days. These results demonstrate that these products hold great

potential to assist the management of mosquitoes of pest and public health concern.
1"'#59%6&" ()* pyriproxyfen, s-methoprene, !"#$%¢""'() """$*+,-(+." ,llSumilarv, Prolink
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gt ") "¢+, -(+."", Say is widely distributed in
Australia and is closely associated with freshwater
habitats, particularly those containing polluted waters,
including stormwater retention pits, sewerage
treatment ponds and septic tanks (Lee $.8+i/ 1989).
The adult mosquito will bite a range of different hosts
including humans and other mammals, birds and
lizards (Elizondo-Quiroga $.+. 2006, Garcia-Rejon $.4
+/ 2010, Kay $.4+#. 1985, Niebylski and Meek 1992,
Samuel $.6+# 2004) although in Australia it appears to
be mostly ornithophilic (Jansen $.& +£. 2009). 1%/
") ""$*+,-(+.", is a known vector of a number of
pathogens of human health concern including the
parasites that cause lymphatic filariasis as well as St
Louis encephalitis and West Nile viruses
(Bartholomay $..+f. 2010, Hayes $.4+t. 2005, Kent $.4
+#. 2010). However, it appears to be a poor vector of
viruses more typically present in Australia such as
Murray Valley encephalitis, Kunjin, Barmah Forest
and Ross River viruses (Boyd and Kay 2000, Kay $.&
+. 1982). Notwithstanding the potential to transmit
pathogens of human health concern, it is also
considered a nuisance species to humans in Australia,
especially when large populations of adult mosquitoes
occur in close proximity to urban areas with adult
mosquitoes often entering buildings. The mosquito is
also known to transmit pathogens of veterinary

importance such as species of O#+,123("1 associated
with avian malaria as well as potentially vectoring
dog heartworm, certain viruses afflicting lizards and
Myxoma virus to rabbits (Lee $.i+. 1989).

In Australia there appears to be little or no focus on
control of 1%/&""()""$*+,-(+." 4 presumably due to its
perceived relatively low public health importance but
also the operational challenges of delivering effective
treatment given the diversity of potential breeding
sites in urban environments.  Nevertheless, 1%/
O U$+,-(+.", is susceptible to a range of
commonly used larvicides including 5+-(#",d
6"708(8),(.&  (,7+$#$),(,  (Bti),  Temephos,
methoprene and pyriproxyfen (Mian $.& +. 2017,
Russell $.6+. 2003). It is important to note that while
Bti is one of the most commonly used larvicides in
Australia, its operational efficacy in urban habitats
suitable for 1%/4""'() """$*+,-(+.",4 containing water of
a high organic content or where many weeks of
residual control is required, may be reduced (Becker
$.4 +. 1992; Russell $.& +. 2003). In these
circumstances, insect growth regulators may provide
more reliable control of mosquito populations (Mian
$.4+4 2020).

Semi-field trials were conducted in Sydney
(Australia) in 2010 to evaluate two formulations of
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the insect growth regulator Pyriproxyfen, Sumilarv 90
CS (90g/L capsule suspension) and Sumilarv 5 GR
(5g/kg granule) for control of immature 1%/
") ""$*+,-(+.",kin small containers (2L buckets and
50L tubs) which emulate the preferred type of larval
habitats that occur in residential and commercial
environments/

- 20EA>2F127?C , EQGBC6!
In trial 1, Sumilarv 90 CS and Sumilarv 5 GR
(manufactured by Sumitomo Chemical Co, Japan or
its subsidiaries) were compared with the standard IGR
product used in Australia (Prolink Liquid Larvicide —
50 g/ capsule suspension of s-methoprene),
manufactured by Wellmark, USA. Prolink is used at
220 mL/ha (11 gai/ha) assuming water depth up to 30
cm and clean water. Trial 2 involved only Sumilarv 5
GR. The first trial was to determine relative efficacy
of all the products at the standard field application rate
for Prolink and the second to evaluate the relative
efficacy of different rates of Sumilarv 5 GR.

All mosquito larvae were sourced from a laboratory
colony maintained by the Department of Medical
Entomology, NSW Health Pathology, Westmead
Hospital, Sydney and transported to the University of
Technology Sydney trial site. The strain originated
from Marsfield Park (Sydney) and has been cultured
since 1998.

The two trials were commenced simultaneously in
mid-October 2010 with trial 1 completed in 12 days
while trial 2 extended over 60 days.  Water
temperatures in the tubs used in trial 1 ranged from 16'
“C to 22' "C whilst the water temperature in the
buckets used in trial 2 ranged from 15'°C to 23'"C.
Mean daily minimum and maximum temperatures
were 11.9'"C and 22.7'"C respectively during trial 1
and 11.9"C and 24.0"°C respectively during trial 2.
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Plastic tubs with a capacity of S0L were placed under
an outdoor shelter to prevent dilution by rainfall but
otherwise exposed to natural conditions including
sunlight and wind during at least part of the day.
Tubs were filled with Sydney tap water and water
conditioner (Prime Freshwater and Saltwater
Conditioner, Seachem Laboratories) added and
allowed to stabilize for 2 days. Larvae were provided
with a combination of food items — fish flakes,
brewer’s yeast and sugar, together with 3 floating
goldfish pellets (Wardley Premium Goldfish Floating
Pellets, The Hartz Mountain Corporation) in each tub
at the beginning of the trial.  Fifty 3*® instar larvae

were placed in each tub with 5 replicates of each
treatment. Prolink was applied at the standard rate
equivalent to 11gai/ha based on 30cm water depth as
were the two formulations of Sumilarv (90 CS and 5
GR) giving a nominal concentration of 3.7 ppb (Al)
for all three treatments. Once pupation was observed,
fine gauze netting was placed over each tub to prevent
adults escaping on emergence. Total adult emergence
was determined at the end of the 2 week period
following treatment.
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A semi-field trial was conducted to evaluate the
emergence inhibition of various dilutions of Sumilarv
5 GR in small 2L plastic buckets. Buckets were
placed under an outdoor shelter to prevent dilution by
rainfall but otherwise exposed to natural conditions
including sunlight and wind during at least part of the
day. Buckets were filled with Sydney tap water and
water conditioner added and allowed to stabilize for 2
days. There were 5 replicates for each treatment.
Larvae were provided with a combination of food
items — fish flakes, brewer’s yeast and sugar, together
with one floating goldfish pellet in each bucket at the
beginning of the trial.

Following treatment, five consecutive generations of
late-instar larvae were exposed to each of the
treatment rates over a total period of 60 days. For
each generation, 20 3* instar larvae were placed in
each bucket. Once pupation was observed, fine gauze
netting was placed over each bucket to prevent adults
escaping on emergence. Buckets were monitored
daily for adult emergence. After each round of adult
emergence was completed in all buckets, the next
generation of 3* instar larvae were added. Once
emergence inhibition fell below 80% for two
consecutive generations that treatment rate was
discontinued.

In one treatment, 0.2 g product was added to each
bucket giving an effective concentration of 500 ppb.
Given that Pyriproxyfen is known to be effective at
very low levels on %/ *"()""$*+,-(+.", (Ali $.b+
1999, Amalraj $.4+¢. 1988, Ansari $.4+. 1991, Mulla $.4
+i 1986, Schaefer and Mulligan 1991, Schaefer $.4+/
1988) it was thought to be logistically difficult to
measure such minute quantities of granules
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accurately for the lower concentrations. Instead,
granules were placed into water (0.1 g/L = 500 ppb)
and vigorously shaken for 1 hour after which the
diluent was extracted, and serial dilutions down to 0.5
ppb (nominal) pyriproxyfen (equivalent to 0.2 mg
product/bucket) were prepared.

During the trial it became clear that larvae in those
treatments containing diluents, particularly lower
concentrations, remained healthy with low rates of
mortality occurring as evident by the high number of
mosquitoes emerging as adults. This was in direct
contrast to the treatment involving direct granule
application that achieved 100% emergence inhibition
over 5 generations. This result suggested that the
nominal treatment rates were not achieved by the
process used to create the diluent stock. Therefore,
the dilution procedure was duplicated so that the
starting diluent concentration (nominal 500 ppb)
could be analysed to determine Pyriproxyfen content.
There were four test containers and two 5 mL aliquots
were removed from each for analysis. Aliquots were
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taken from 2 cm below the surface in the center of the
jars.

To better understand the concentration decline of
pyriproxyfen in Sumilarv 5 GR treated water over
time, 0.2 g product (nominal 500ppb) was added to
each of four 2 L buckets under the same conditions as
the original trial and water samples extracted over a
10-week period (specifically at 1 hr, 6 hr, 2 d and 1, 2,
4, 6, 8 and 10 wk after treatment). A single 5mL
aliquot was removed from each bucket at each time
period, taken from 5 cm below the surface in the
centre of the bucket. Bucket weights were measured
at the beginning of the trial and at the end to
determine evaporation rates. There was no intent to
maintain the buckets at 2 L, reflective of natural
conditions under cover.

F (#4811 23".81-11 Water samples were supplied
to ACS Laboratories (Australia) (Kensington,

Victoria) for analysis of pyriproxyfen content. Each
sample was diluted 1:1 Acetonitrile and then filtered
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through a 0.2 um Teflon syringe filter into a 2 mL
glass vial. Two microliters of the diluted sample was
then injected onto a Waters BEH C18 column (1.7
pm, 50 x 2.1 mm) using a Waters Aquinity UPLC-
MS-MS (ultra-high pressure liquid chromatography
with Tandem mass spectrometry detection).
Pyriproxyfen was eluted with a mixture of acetonitrile
and 5 mM trifluoroacetic acid (75:25) at 0.5 mL/min
and quantified by external calibration. Limit of
detection (LOD) was 0.05 ppb.

AEGDF@6%
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In the semi-field study using 50 L tubs, Prolink,
Sumilarv 90 CS and Sumilarv 5 GR all provided
complete emergence inhibition of 10/8
") ""$*+,-(+.", at the equivalent of 11 gai/ha
(nominal 3.7 ppb). Mean emergence for the control
treatment was 70.4% (£ 6.8 SD).
@4#-"" 4RY
Sumilarv 5 GR, applied as a granule, remained
effective in inhibiting adult emergence over 5
generations (60 days) (Figure 1). However, an
aqueous dilution of the product at the nominal rate of
500 ppb provided 100% emergence inhibition for 3
generations only and for 50 ppb only one generation.
Laboratory assays of test solutions showed that the
effective dose levels were much less than expected
(Figure 2) with an overall mean and SE of 5.975 +
0.260 ppb. Hence, the beginning concentrations in the
test solutions was actually only ca. 6ppb (or only
1.2% of nominal) with subsequently serial dilution to
ca. 0.6, 0.06 and 0.006 ppb.

Concentrations of pyriproxyfen derived from water
samples taken for 2 L buckets treated with 0.2 g/2 L
Sumilarv 5 GR granules measured over 10 weeks
showed that concentration during the initial stages
was highly volatile (Figure 3) between replicates and
over time. Over this period, pyriproxyfen
concentration in water, varied widely from 0.2 to 16
ppb (range) and 0.5 to 8.6 ppb (mean) and there was
no clear decline curve (Figure 4). Nevertheless, the
general direction was a decline in detected residues
over the 10 week period. The initial results also
closely match the concentrations demonstrated in the
repeated test dilutions (Figure 2). Note also that total
evaporation of moisture over 10 weeks was ca. 20%
(19.95% =+ 1.65% SE) which suggests the residue
decline over 10 weeks was probably understated.

C>68D66>B?Y
The results of these experiments demonstrate the
effectiveness of these insect growth regulators to
control populations of 1%/& ""()""$*+,-(+.",& and,

potentially, other mosquitoes of pest and public health
importance associated with urban habitats.

The results of trial 1 demonstrated that the two
formulations of Sumilarv provided comparable
efficacy in controlling immature stages of 1%/
O TS+, -(+.",4 tok the standard application of
Prolink. Sumilarv 90 CS and 5 GR formulations,
when applied at the equivalent rate to Prolink
(11gai/ha or 3.7 ppb), provided complete emergence
inhibition of one generation of 1%/ ""'()""$*+,-(+." .4
larvae, equivalent to Prolink. Note that chemical
analysis of treated water from trial 2 would suggest
that the actual pyriproxyfen concentration in the
Sumilarv 5 GR treatment was most likely to be much
less than 3.7 ppb, further confirming the efficacy of
this product for mosquito control.

In trial 2, Sumilarv 5 GR, when applied as a granule
directly into water, provided emergence inhibition of
5 successive generations of ¥/ ""'()""$*+,-(+." i for
60 days. Over this period, pyriproxyfen concentration
in water, varied widely from 0.2 to 16 ppb (range) and
0.5 to 8.6 ppb (mean) and there was no clear decline
curve (Figure 4). The range of values coincided

closely with the earlier study on 9$3%$,4 +$8:;.( L.
(Ritchie $.t+# 2013) where similar methodology was
used and in their study concentrations in water were
also erratic during the first 8-10 weeks. It should be
noted that this study was conducted prior to that
reported by Ritchie $.4+#/ (2013). That study benefited
from the knowledge that serial dilution was not an
appropriate technique and utilized actual granules,
weighed with a laboratory 4-place balance. It also
mirrored the results of a similar and contemporaneous
study on 9$3$,4<(8(#+% Skuse where the same rates of
Prolink and Sumilarv 5 GR were applied (Webb $.4+/
2012). The result reported here has important
implications for other researchers undertaking testing
of comparable control agents and using the serial
dilution method.

Our attempt to simulate lower concentrations by
vigorous shaking of granules in water and then serial
dilution was not successful because only limited
amounts of pyriproxyfen were liberated in the process —
only ca. 1% of total pyriproxyfen (ca. 5 ppb) was
liberated which matches what we saw from the
laboratory assessment of the diluent and of the natural
release of pyriproxyfen from granules in both this
study and that of Ritche $.6+# (2013). This suggests
that the release of pyriproxyfen from granules is slow
and that even vigorous shaking does not cause the
granules to disintegrate or release
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additional active ingredient. The level of
pyriproxyfen in the water over the course of the study
was sufficient to completely inhibit emergence for 5
consecutive generations over 60 days. For 9/+$8:;.(,
Ritchie $.6+. (2013) achieved 8-10 weeks emergence
inhibition at nominal 50 ppb and 40 weeks with 500
ppb. While the two species have different levels of
susceptibility, it is likely that the length of emergence
inhibition of T%/& *"()""$*+,-(+.",4 may have been
much longer than 60 days, had the trial continued.

Pyriproxyfen has been shown to be very effective
against ¥%/4 ""()""$*+,-(+.", in a wide range of
laboratory and field trials. In laboratory bioassays,
LCue values have ranged from 0.018 to 0.29 ppb on
Cx. q"()""$*+,-(+.", of various strains and from
various countries (Ali $.4+4. 1999, Amalraj $.4+. 1988,
Ansari $.4+. 1991, Mulla $.t+# 1986, Schaefer and
Mulligan 1991, Schaefer $.t +/ 1988) and the
maximum LC-/LC-x value was 1.1 ppb (Ali $.&+/
1999). Under field conditions, Sumilarv 5 GR has
similarly shown high levels of emergence inhibition
of MWk *()""$+,-(+.", under a range of
environmental conditions (Amalraj $.4+4 1988, Ansari

$.4+ 1991, Chavass $.4+. 1995, Jambulingham $.4+.
2008, Mulligan and Schaefer 1990, Nayar $.& +if
2002), decreasing with quality of water and water
movement. Amalraj $.4+. (1988) found that rates of
10 ppb provided up to 6 weeks emergence inhibition
in concrete water tanks but 50 ppb was required to
give 1 week emergence inhibition in heavily polluted
cesspits. Chavasse $.4+/ (1995) treated open polluted
breeding sites in Dar es Salaam (Tanzania) with
Sumilarv 5 GR at the rate of 100 ppb and achieved 11
weeks of complete emergence inhibition. In
Pondicherry (India) Sumilarv 5 GR was applied to
disused wells, cesspits and drains at various rates from
the equivalent of 10 to 167 ppb (Jambulingham $.6+.
2008) and the predicted Ele values ranged from 4
weeks for slow moving drains treated at ca. 167 ppb
to 28 weeks for disused wells treated at ca. 33 ppb.
All of these studies focused on mosquito control
relative to application rate and hence there is no
indication of the actual concentration of pyriproxyfen
in water or speed of release from the granules.
Further, pyriproxyfen is known to affiliate with
organic material either in suspension, in the substrate
or in the walls of containers in which the tests are
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conducted (Amalraj $.6+¢. 1988, Jambulingham $.4+£.
2008, Mulligan and Schaefer 1990, Suman $.& +f.
2013, Vythilingam $..+£. 2005). The results from this
study and those of Ritchie $.6+# (2013) suggest that
concentration in water following an application of
Sumilarv 5 GR may only be a fraction of the applied
rate. Yet, a large number of trials indicate that
emergence inhibition over a long period may be
achieved with very low doses. Granules may continue
to release pyriproxyfen over a long period of time or
pyriproxyfen affiliated with organic material may
dissociate over time or more simply, foraging
mosquito larvae may ingest organic material
containing pyriproxyfen (Mulligan and Schaefer
1990).

With an emphasis on improved water storage and
management in urban areas, there is the potential for
the creation or enhancement of conditions suitable for
mosquitoes of pest and public health concern such as
TR ()""$*+,-(+.",. The results of this study have
demonstrated that long periods of effective control of
immature mosquito populations in these habitats can
be achieved through the use of pyriproxyfen in the
formulations tested here. Consideration by local
mosquito control authorities should be given to the
incorporation of these products into their integrated
mosquito management programs.
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Summary
Mungbean has potential for expansion as an opportunity crop planted on residual soil water after flood on active floodplains in
Cambodia. However, mungbean production is severely affected by insect pests and excessive application of chemical insecticides
has led to increased losses from secondary pests such as bean flower thrips (Megalurothrips usitatus Bagnall). In an exploratory
study, we evaluated the effectiveness of blue and yellow sticky traps as part of an integrated management strategy to control bean
flower thrips in mungbean at three locations in Battambang province in the early dry season 2021. The sites were situated in three
different agro-ecological systems: semi-urban (Sala Balat); lowland rice (Os Tuk); and intensive mungbean (Preaek Trab). Blue
sticky traps, impregnated with thrip pheromone, were six-times more effective than yellow traps for capturing thrips. Thrip
numbers varied between sites but increased in a linear fashion between 15 and 35 days after sowing at Preak Trab which has a
history of intensive insecticide use in mungbean. A concern with blue traps was that they were more effective than yellow traps
for capturing beneficial ground beetles, rove beetles and hoverflies. Therefore, further study is required to determine potential
adverse impacts of deployment of blue sticky traps. This study confirmed the potential value for blue sticky traps to monitor and
potentially control bean flower thrips in mungbean in North-West Cambodia. We also put forward a range of Integrated Pest
Management (IPM) options to manage bean flower thrips in mungbean and the challenge is to find a way to have them adopted.
Transfer of technical information in this community is primarily through the village network, especially for information on
fertilisers and pesticides. The key to an effective strategy is to engage the key influencers on insect pest management to facilitate

adoption of IPM in mungbean.

Keywords: integrated pest management, insecticide, mungbean, pod borer, thrips

INTRODUCTION

Mungbean (Vigna radiata L. Wilczek) is a short-
duration legume crop grown in a range cropping
systems in the tropics and subtropics (Poehlman 1991).
In Cambodia, mungbean is grown in the early wet
season (February to May) in upland cropping systems
and in the early dry season (December to March) after
flood waters recede in lowland rice cropping systems
(Martin et al., 2020).

In Cambodia, mungbean growers apply non-selective
broad-spectrum insecticides at least 10 times per crop
cycle (Martin et. al., 2020). Pesticide misuse results in
failure to kill the target pest, which might increase
either its number (resurgence) or that of a formerly
minor pest (secondary pest outbreak). Insecticide
misuse can also result in the development of
insecticide-resistant populations (Srinivasan et. al,
2019). For instance, the main insect problem in
mungbean in Preaek Trab village Battambang
province, is the bean flower thrip (Megalurothrips
usitatus Bagnall), which appears to be a secondary pest
outbreak due to overuse of chemical insecticides.

Hinchcliffe et al. (2019) carried out inspections of
mungbean crops in Preaek Trab village in January

2018. Larvae of cluster caterpillar (Spodoptera litura
Fabricius) and leaf folders (Omiodes indicata
Fabricius, O. diemenalis Guenée) were the most
common defoliators during the vegetative stage. There
were also significant populations of cowpea aphid
(Aphis craccivora Koch). Aphid predators present
included ladybirds (Cheilomenes sexmaculata
Fabricius, Coccinella transversalis Fabricius and
Micraspis discolor Fabricius). Although not observed
in 2018, bean flower thrips were observed to be a major
pest of mungbean crops in 2019 (Martin et al., 2020).

The Maruca pod borer (Maruca vitrata Fabricius) has
been replaced by bean flower thrips in cowpea (Vigna
unguiculata L. Walp.) in South China (Tang et. al.
2016a). The build-up of thrips was attributed to the
indiscriminate use of insecticides resulting in
insecticide resistance and increased populations (Tang
et al. 2016a). The same appears to have happened in
Preaek Trab village.

Srinivasan et.al. (2019) developed and validated an
integrated pest management (IPM) strategy for the
control of insect pests on yard-long bean (Vigna
unguiculata subsp. sesquipedalis (L.) Verdc.) in
Cambodia. The strategy was based on combinations of
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Bacillus  thuringiensis  Berliner,  Metarhizium
anisopliae (Metschnikoff) Sorokin and a leaf extract
from neem (Azadirachta indica A. Juss.). Populations
of bean flower thrip, cowpea aphid and Maruka pod-
borer were reduced to levels achieved by use of
abamectin insecticide without compromising yield.
Sticky traps were not used because of lack of
availability at the time of the study in 2015 and 2016.
Blue and vyellow sticky traps had become
commercially available in Cambodia by 2019.

Tang et al. (2016b) investigated the effectiveness of
different coloured sticky traps to monitor bean flower
thrips and beneficial insects in cowpea in South China.
Up to five times more thrips were caught on blue traps
than on yellow traps and capture of beneficial insects
was 1.7 times higher on yellow than on blue traps. The
major natural enemies were predatory ladybirds and
pirate bugs Orius spp. Tang et al. concluded that sticky
traps could be used not only as a monitoring tool but
also as a control measure for bean flower thrips.

An IPM strategy for mungbean was proposed by
Martin et al. (2020). During the vegetative stage the

Preaek Trab

L*Battambang
Sala Balat

Os Tuk

Figure 1. Location of study sites

An experiment was set up to evaluate blue and yellow
sticky traps for capture and control of bean flower
thrips at three locations: Os Tuk (12°57'48.39"N,
103°20'36.96"E); Preaek Trab (13°12'37.79"N,
103°17'25.88"E); Sala Balat (13° 4'37.79"N,
103°10'28.12"E).

At Preaek Trab mungbean variety DX-208 (Vietnam)
was hand-broadcast at 30 kg ha™ on 30" November
2020. At Sala Balat, Cambodian mungbean variety
CMB-2 (Ouk et. al., 2009) was planted at 24 kg ha*
using a Kubota 4-wheel tractor seed drill at 60 cm row-
spacing on 1% December 2020. At Os Tuk, mungbean
variety DX-208 was planted at 22 kg ha? using a

strategy is to avoid using chemical insecticides unless
leaf loss is greater than 30% or there are 89 folded
leaves per plant. Use of biological insecticides are
recommended to control caterpillars as well as bean
flower thrips. During the reproductive stage, buds and
flowers are inspected for podborer larvae and pod-
sucking insects. If economic thresholds are exceeded,
selective insecticides that do not harm beneficial
arthropods such as ladybirds are recommended.

This study was carried out to evaluate the merit of
including sticky traps in the IPM strategy by
guantifying the effectiveness of blue and yellow
coloured sticky traps for the monitoring and/or control
of thrips and other insect pests of mungbean compared
to farmer-practice and to explore options for wider
adoption of blue sticky traps and other IPM products
in mungbean production in Cambodia.

MATERIALS AND METHODS
The research was carried out at three study sites in
Battambang province, North-West Cambodia (Figure
1).

' Battambang
e
Legend
Main water body
70 140 280 Kilometers Provincial boundary
ST S TN N [N TR I S |

District boundry

Vence Tudo no-till planter in 40 cm row-spacing on
25" December 2020. Bradyrhizobial liquid inoculant
was applied to mungbean seed prior to sowing to
promote symbiotic No-fixation (Tittabutr et al. 2007).

At each site, three 40%40 m plots were marked out for
IPM practice plus blue traps (a), IPM practice plus
yellow sticky traps (b) and for farmer practice (c). Four
sticky traps of each colour were installed 20 m apart in
a square in each plot. Traps were installed 15, 25 and
35 days after sowing and replaced by fresh traps at 10
day intervals. The individual farmeris practice for
insecticide use was applied in the farmer practice plots.
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Commercially-available cardboard sticky traps, coated
with viscose, were used. Yellow traps (Liangjiang City
Special Products Company, China) were pre-
impregnated with fruit and melon fly food lure. Blue
traps (Quanzhow Lvpusen Biotech Co. Ltd., China)
were pre-impregnated with thrips pheromone. The
effective capture area of the blue sticky traps was 735
cm? and 878 cm? for yellow sticky traps. Numbers of
larger insects (>5mm) were recorded for the whole
sheet whilst numbers of thrips were recorded from four
2 * 3 cm (6 cm?) subsamples cut from each sheet.

A field guide to insects of upland crops in Cambodia
(Pol et al., 2010) was used to identify the bulk of insect
species associated with the mungbean crops. An
Optika SZN-1 stereo microscope was used with a
zoom range of 0.67x fi 4.5x (zoom factor: 6.71:1) to
photograph and count smaller insects on sticky traps.
Photos of unidentified insects were uploaded for
identification to an iNaturalist site
(https://www.inaturalist.org/projects/camsid-ipm) set
up for the project
(https://aciarcambodiasidproject.wordpress.com/).
Although all of the insects of economic importance
were identified, a number of insects on the sticky traps
could not be identified. The full list of insect specimens
identified is given in Appendix 1.

The bio-insecticide, Beauveria bassiana, was applied
as a 2% solution in water at a rate of 500 g ha at 15

and 25 days after sowing. The B. bassiana strain used
was IPL/BB/M1/01 (Mascarin and Jaronski, 2016)
containing 1*109 colony forming units (CFU) g as a
wettable powder (Daman®, International Panaacea
Ltd., New Delhi, India). During the reproductive stage,
phenological data were collected according to
standardised growth stages (Pookpakdi et al., 1992).
Counts of insects were amalgamated into 18 groups
according to family and pest or beneficial status. The
insect groups and totals for beneficial and pest insects
were analysed for the main effects and interactions in
the factorial analysis of site * days after sowing *
colour. Data were analysed using the IBM© SPSS©
statistical program version 22. All insect count data
were transformed using loge to normalise residual
effects to overcome correlation between mean and
variance (Steel and Torrie, 1980).

RESULTS

Insects belonging to 12 Orders were found on sticky
traps and by visual inspection in mungbean crops at the
three study locations (Appendix 1, Appendix 2). A
total of 90 insect specimens were identified to family
level, 76 to genus and 54 to species level. Sixty-seven
species were found on sticky traps and 57 species were
found by visual inspection of mungbean crops.
Beneficial insects and insect pests were in similar
numbers on sticky traps compared to field inspection
(Table 1).

Table 1. Number of beneficial, pest and neutral species found on sticky traps and by visual inspection

Role Sticky traps Visual inspection
Beneficial 24
Neutral 6
Pest 27
Total 57

The significant effects for site, days after sowing and
trap colour for six groups of beneficial insects are
given in Table 2. Main effects were significant for all

groups for site and days after sowing but only tachinid
flies and damselflies/dragonflies differed in response
to the main effect for trap colour (Table 2).

Table 2. Significance for main effects and interactions for site, days after sowing (das, d) and trap colour for six

groups of beneficial insects (loge-transformed data)

Beneficials group Site  DAS Colour S*D S*C D*C S*D*C
Ground beetles (Coleoptera, Carabidae) ** faled NS *x * ** NS
Ladybirds (Coleoptera, Coccinellidae) ** * NS ** NS NS NS
Rove beetles (Coleoptera, Staphylinidae) ** faled NS faled ** NS NS
Hoverflies (Diptera, Syrphidae) ** ** NS ** NS * NS
Tachinid flies (Diptera, Tachynidae) ** * ** ** * NS NS
** ** *%x *%x ** ** **

Damselflies, Dragonflies (Odonata)

* = Significance at 95% level, ** = significance at 99% level, ns = not significant.
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The site * days after sowing interaction was significant
for all groups (Table 2, Figure 2). However, the groups
responded differently to the site * days after sowing
interaction. Ground beetles and rove beetles responded
similarly with low numbers at Os Tuk (Figure 2a, b).
At both Sala Balat and Preaek Trab, there were larger
numbers of ground beetles, which declined from 15 to
35 days after sowing (Figure 2b).

At Sala Balat and Preaek Trab, numbers of ladybirds
declined from 15 to 35 days after sowing, whereas
ladybird numbers (Micraspis discolor) increased
dramatically at 35 days after sowing at Os Tuk (Figure
2¢).

Hoverfly numbers increased from 15 to 35 days after
sowing at all sites but most dramatically at Os Tuk
(Figure 2d). Tachinid flies were fewest at Sala Balat
but increased between 15 and 35 days after sowing. In
contrast, tachinid flies were in larger numbers at Os
Tuk and Preaek Trab but decreased from 15 to 35 days
after sowing (Figure 2e). Damselflies were in large

numbers at 35 days after sowing at Sala Balat but in
low numbers at the other sites (Figure 2f).

Ground beetles and rove beetles were more common at
Sala Balat, and more were captured on blue sticky traps
compared to yellow sticky traps (Figure 3a, b). There
were few ground and rove beetles at Os Tuk and at
Preaek Trab, rove beetles were caught more frequently
on yellow traps.

Tachinid fly numbers were low at Sala Balat and there
was no effect of trap colour (Figure 3c). In contrast,
there were larger numbers of tachinid flies at Os Tuk
and Preaek Trab and significantly more were caught on
blue sticky traps.

There were significant numbers of damselflies and
dragonflies at Sala Balat and they were strongly
attracted to yellow rather than blue sticky traps. In
contrast, there were low numbers of damselflies and
dragonflies at Os Tuk and Preaek Trab (Figure 3d).

Table 3. Significance for main effects and interactions for site, days after sowing (das, d) and trap colour on

number of bean flower thrips (loge-transformed data)

Source of variation group Site DAS

Colour S*D S*C D*C S*D*C

Bean flower thrips **1

*%x ** ** ** NS

1 * =significance at 95% level, ** = significance at 99% level, ns = not significant.

There were significant interactions for days after
sowing and trap colour for three beneficial groups
(Figure 4). Ground beetles were more common at 15
days after sowing and more commonly caught on blue
traps. (Figure 4a). Hoverflies were in greatest numbers
at 35 days after sowing and more frequently caught on
blue traps (Figure 4b). Dragonfly and damselfly
capture increased from 15 to 35 days after sowing but
predominantly on yellow traps (Figure 4c).

Because of insufficient numbers for some beneficial
species and pest groups (Table 1), the factorial analysis
(site * days after sowing * trap colour) was also done
on the total for beneficials and pests (loge transformed
data). There was a significant interaction between site

and days after sowing for both beneficials and pests
(Figure 5).

The interaction between site and days after sowing was
significant for both beneficials and pests (Figure 5).
Both beneficials and pests declined from 15 to 35 days
after sowing at Preaek Trab. In contrast, both
beneficials and pests declined from 15 to 25 days after
sowing but increased between 25 and 35 days after
sowing at both Sala Balat and Os Tuk (Figure 5).

There was no significant main effect for trap colour for
either beneficial or pest insects. However, there was a
significant interaction between trap colour and days
after sowing for both beneficials and pests (Figure 6).
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There were high numbers of beneficials at 15 days after
sowing, numbers were lower at 25 days after sowing
and beneficials increased again at 35 days after sowing
(Figure 6a). Pest numbers were greatest at 15 days after
sowing (Figure 6b).

The main effects for site, days after sowing and trap
colour for numbers of BFT were all significant as were
all two-way interactions but the three-way interaction
(site * days after sowing * colour) was not significant
(Table 3).

The number of thrips increased in a linear fashion
between 15 and 35 days after sowing at Preack Trab
and at 35 days after sowing, there were more than twice
the number of thrips captured at Preack Trab compared
to Sala Balat and Os Tuk (Figure 7). Thrips numbers
were high initially at Os Tuk but declined, not
significantly, from 15 to 35 days after sowing. At Sala
Balat, thrips numbers were low at 15 days after sowing,
increased to 25 days after sowing and then decreased,
not significantly, at 35 days after sowing (Figure 7).
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Figure 7. Interaction between site and days after sowing for thrip numbers (loge transformed data). Error bars

represent the 95% confidence intervals

Blue traps captured significantly more thrips than
yellow traps at all three sites and six times more thrips
were captured on blue traps compared to yellow traps
on average. The largest number of thrips caught on
blue traps was at Os Tuk and the largest number caught
on yellow traps was at Preaek Trab (Figure 8a). There
were progressively more thrips caught on blue traps
from 15 to 35 days after sowing, whereas the most
thrips caught on yellow traps was at 25 days after
sowing (Figure 8b).

Since 2018, there has been a trend towards reduced use
of organophosphate and pyrethroid insecticides in
Preaek Trab village. Correspondingly, five additional
insecticides (spinosad, spinetoram, pyriproxyfen,
lufenuron, and pyridaben) were in use in 2021. The use
of  neonicotinoids  (acetamiprid,  dinotefuran,

imidacloprid, nitenpyram, and thiamethoxam)
remained high between 2018 and 2021.

In South China, bean flower thrips have replaced the
Maruca pod borer as the most economically damaging
pest of cowpea as a result of the indiscriminate use of
insecticides, which has resulted in insecticide
resistance in bean flower thrip (Tang et al. 2016a). In
this cowpea cropping system, bean flower thrip
populations have developed resistance to

acetamiprid, cypermethrin, emamectin benzoate,
imidacloprid and spinetoram (Tang et al. 2016a). The
results of our study suggest a similar situation where
Maruca pod borers were rarely found in the 2021
mungbean crops or on sticky traps. In contrast, bean
flower thrip was the most common insect pest found
both by visual inspection and on sticky traps.
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Furthermore, despite intensive use of insecticides,
bean flower thrip populations continued to increase
after 35 days after sowing at Preaek Trab, whereas at

).

Colou
OBlue
4.0 @ vela
3.09 %
w
(=1
: %
=
=
=4
-
c .
5 2.0
u
=
1.0+ E :[ I
(@)
0.0 T T T
05 Tuk Preaek Trab Sala Balat

Site

Mean Ln thrips

Sala Balat and Os Tuk, thrip populations plateaued at
25 days after sowing

Colour

OBlue
4.0+ @vellow

i
11

()

0.0 T T T
150 25.0 350

DAS
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This suggests that intensive insecticide use might be
the cause of increasing populations of thrips at Preaek
Trab village. Future studies should focus on the level
of insecticide resistance in these thrip populations.
With regard to trap colour for capture of thrips, the
results of this study are consistent with others (Tang et
al. 2016b, Broughton and Harrison 2012, Hossain et al.
2020, Pobozniak et al. 2020) where blue traps were
more effective than yellow traps for capturing thrips.
In our study, blue traps captured six times more bean
flower thrips than yellow traps whereas the ratio was
2-5 in southern China (Tang et al. 2016b). However,
addition of semiochemicals to the traps can increase
capture 3-fold (Hossain et al. 2020). The blue traps we
used were impregnated with thrips pheromone and this
might explain the large difference in capture between
blue and yellow traps which contained a fruit fly food
lure.

In South China, capture of beneficial insects was 1.7
times higher on yellow than on blue traps. The number
of ladybirds was higher on yellow (2.57) traps than on
blue (0.64) traps (Tang et al. 2016b). Our study
obtained mixed results for capture of several groups of
beneficials: ground beetles (Coleoptera, Carabidae),
ladybird beetles (Coleoptera, Coccinellidae), rove
beetles  (Coleoptera, Staphylinidae), hoverflies
(Diptera, Syrphidae), tachinid flies (Diptera,
Tachinidae), damselflies and dragonflies (Odonata).

Other studies in Western Australia showed different
results for capture of beneficials by blue vs yellow
sticky traps (Broughton and Harrison, 2012). Hence,
further study is warranted to better quantify the impact
of colored sticky traps on beneficial insects with regard
to the nature of the agro-ecosystem, timing and density
of trap deployment.

In intensive mungbean growing areas such as Preaek
Trab, some form of area-wide management might be
useful to reduce the potential of reinvasion of fields by
bean flower thrip where control measures have been
deployed. Blue sticky traps appeared to limit numbers
of bean flower thrip in the isolated fields at Sala Balat
and Os Tuk. This was despite an initially large
population of bean flower thrips at Os Tuk at 15 days
after sowing.

Temperatures less than 15°C and greater than 35°C
reduce survival of all developmental stages of bean
flower thrips (M. sjostedti Trybom) (Tamo 1991). The
temperature range at Battambang between December
and March is 19°C to 34°C, therefore the most
favourable conditions for thrips coincide with the
mungbean growing season (Figure 1). In West Africa,
it was shown that bean flower thrips survived the dry
season on a wide variety of alternative hosts belonging
to the legume family (Fabaceae) (Tamo et al. 1993).
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Bean flower thrips can also be carried several hundred
kilometres by prevailing winds (Bottenberg et al.
1997). Since diapause has not been reported for bean
flower thrips (Ekesi et al. 1999), the main sources of
bean flower thrips at the beginning of the dry season in
North-West Cambodia are likely to be alternative
leguminous hosts and prevailing winds which are from
the North-East between November and March.

At Preaek Trab, mungbean crops mature at the end of
February, mid-way through the dry season. Thrips
could then move to yard-long bean crops. Bean flower
thrips also have been observed on weeds such as
Macroptilium and Vigna spp. growing around
mungbean fields. Therefore, control of leguminous
weed species around mungbean fields before planting
should be considered as a component of an IPM
package. The use of blue sticky traps in November
would also be a useful IPM tactic to detect and control
bean flower thrips before populations build up.

We have put forward a range of IPM options to manage
bean flower thrips in mungbean in Preaek Trab village
and the challenge is to find a way to have them
adopted. Zhang et al. (2020) found that itop-downT
methods such as mass media and extension through the
local Agricultural Cooperative (AC) were not effective
in the transfer of technical information in Angsangsak
village which shares the AC with Preaek Trab.
Transfer of technical information in this community is
primarily through the village network. (Zhang et al.
2020). The key to an effective strategy is to identify
who are the key influencers on insect pest
management. and engage them to facilitate adoption of
IPM in mungbean (Zhang et al. 2020).
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APPENDIX 1. TOTAL NUMBERS FOR INSECT GROUPS CAUGHT ON BLUE AND YELLOW STICKY TRAPS

Order Family Common name Role Blue Yellow Total
Blattidae Ectobiidae Cockroaches Neutral 56 37 93
Coleoptera Carabidae Ground beetles Beneficial 184 110 294
Coleoptera Chrysomelidae Leaf beetles Pest 89 76 165
Coleoptera Coccinellidae  Ladybirds Beneficial 88 96 184
Coleoptera Scirtidae Marsh beetles Neutral 157 59 216
Coleoptera Staphylinidae ~ Rove beetles Beneficial 251 236 487
Dermaptera  Forficulidae Earwigs Beneficial 5 6 11
Diptera Syrphidae Hoverflies Beneficial 76 52 128
Diptera Tachinidae Tachinid flies Beneficial 149 70 219
Hemiptera Cicadellidae Leafhoppers Pest 139 155 294
Hemiptera Pentatomidae ~ Sucking bugs Pest 151 108 259
Hymenoptera Pteromalidae Parasitoid wasps Beneficial 12 4 16
Hymenoptera Vespidae Predatory wasps Beneficial 7 12 19
Lepidoptera  Noctuidae Moths Pest 40 22 62
Odonata Damsel and dragonflies Beneficial 3 138 141
Orthoptera Acrididae Grasshoppers Pest 1 0 1
Orthoptera Gryllidae Crickets Pest 357 371 728
Thysanoptera Thripidae Thrips Pest 2,500 419 2,919
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APPENDIX 2. LIST OF INSECT FAMILY, GENERA AND SPECIES FOUND ON STICKY TRAPS AND BY VISUAL INSPECTION OF MUNGBEAN CROPS

Order Family Genus Species Common name Role Sticky trap  Visual inspection
Blattodea Ectobiidae Blattella asahinai Asian cockroach Pest 1

Coleoptera Carabidae Chlaenius Vivid metalic ground beetles  Beneficial 1

Coleoptera Carabidae Ophionea indica Long-neck ground beetles Beneficial 1

Coleoptera Carabidae Ophionea ishiii Long-neck ground beetles Beneficial 1

Coleoptera Carabidae Ophionea Nigrofasciata  Long-neck ground beetles Beneficial 1

Coleoptera Carabidae Pedunculate ground beetle Beneficial 1

Coleoptera Chrysomelidae Acanthoscelides obtectus Bean weevil Pest 1

Coleoptera Chrysomelidae Aspidimorpha Jfurcate Tortoise beetle Pest 1

Coleoptera Chrysomelidae Aulacophora similis Pumpkin beetle Pest 1 1
Coleoptera Chrysomelidae Medythia suturalis Striped bean flea beetle Pest 1 1
Coleoptera Chrysomelidae Monolepta signata Monolepta beetle Pest 1 1
Coleoptera Chrysomelidae Phyllotreta striolata Striped flea beetle Neutral 1 1
Coleoptera Coccinellidae Cheilomenes sexmaculata Six-spotted ladybird Beneficial 1 1
Coleoptera Coccinellidae Coccinella transversalis Transverse ladybird Beneficial 1
Coleoptera Coccinellidae Micraspis discolor Rice ladybird Beneficial 1 1
Coleoptera Elateridae Click beetles Neutral 1

Coleoptera Malachiidae Intybia Soft-winged flower beetles Beneficial 1

Coleoptera Scarabaeidae Adoretus sinicus Chinese rose beetle Pest 1 1
Coleoptera Scirtidae Ora Marsh beetles Neutral 1

Coleoptera Staphylinidae Anotylus Rove beetles Beneficial 1

Coleoptera Staphylinidae Paederus fuscipes Rove beetles Beneficial 1

Coleoptera Staphylinidae Rove beetles Beneficial 1

Dermaptera Forficulidae Doru Earwigs Beneficial 1 1
Diptera Agromyzidae Liriomyza sativae Vegetable leaf miner Pest 1
Diptera Chironomidae Non-biting midges Neutral 1 1
Diptera Mycetophilidae Fungus gnats Neutral 1

Diptera Sarcophagidae Flesh-eating flies Neutral 1 1
Diptera Syrphidae Allograpta exotica Hoverflies Beneficial 1 1
Diptera Syrphidae Episyrphus Hoverflies Beneficial 1
Diptera Syrphidae Eristalinus Lagoon flies Beneficial 1 1
Diptera Syrphidae Ischiodon Hoverflies Beneficial 1

Diptera Syrphidae Mesembrius benghalensis Hoverflies Beneficial 1 1
Diptera Tachinidae Exorista lavarum Tachinid flies Beneficial 1 1
Diptera Tipuloidea Crane flies Pest 1

Hemiptera Aleyrodidae Bemisia tabaci Whitefly Pest 1

Hemiptera Alydidae Leptocorisa acuta Rice seed bug Pest 1 1
Hemiptera Alydidae Riptortus linearis Brown bean bug Pest 1
Hemiptera Aphididae Aphis craccivora Cowpea aphid Pest 1
Hemiptera Cicadellidae Cofana spectra White leafhopper Pest 1 1
Hemiptera Cicadellidae Jacobiasca formosana Tea jassid Pest 1

Hemiptera Cicadellidae Maiestas dorsalis Zigzag leafhopper Pest 1

Hemiptera Cicadellidae Nephotettix virescens Green leafhopper Neutral 1 1
Hemiptera Cicadellidae Xestocephalus Leafhopper Pest 1 1
Hemiptera Geocoridae Geocoris Big-eyed bugs Beneficial 1

Hemiptera Gerridae Gerris Water striders Neutral 1

Hemiptera Lygaeidae Graptostethus servus Seed bugs Pest 1
Hemiptera Lygaeidae Kleidocerys Seed bugs Pest 1

Hemiptera Lygaeidae Melanotelus Seed bugs Pest 1

Hemiptera Meenoplidae Planthoppers Pest 1

Hemiptera Pentatomidae Eocanthecona Sfurcellata Predatory stink bug Beneficial 1
Hemiptera Pentatomidae Nezara viridula Green vegetable bug Pest 1
Hemiptera Pentatomidae Piezodorus hybneri Red-banded shield bug Pest 1 1
Hemiptera Pseudococcidae Paracoccus marginatus Papaya mealybugs Pest 1
Hemiptera Reduviidae Polytoxus Assassin bugs Beneficial 1

Hemiptera Reduviidae Rhynocoris Assassin bugs Beneficial 1 1
Hemiptera Rhyparochrominae  Horridipamera nietneri Seed bugs Pest 1

Hymenoptera ~ Apidae Apis Sflorea Red dwarf honeybee Beneficial 1 1
Hymenoptera  Crabronidae Astata Tiger wasp Beneficial 1
Hymenoptera ~ Formicidae Ants Beneficial 1
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Order Family Genus Species Common name Role Sticky trap  Visual inspection
Hymenoptera  Ichneumonidae Ichneumon wasps Beneficial 1

Hymenoptera ~ Vespidae Ropaldia marginata Predatory wasps Beneficial 1 1
Hymenoptera ~ Vespidae Ropaldia stigma Predatory wasps Beneficial 1
Lepidoptera Crambidae Maruca vitrata Maruca podborer Pest 1 1
Lepidoptera Crambidae Omiodes diemenalis Bean leaf folder Pest 1 1
Lepidoptera Crambidae Omiodes indicata Bean leaf folder Pest 1 1
Lepidoptera Erebidae Euproctis Tussock moths Pest 1
Lepidoptera Geometridae Scopula emissaria Scopula moth Pest 1

Lepidoptera Hesperiidae Pelopidays after sowing — mathias Rice skipper Neutral 1 1
Lepidoptera Hesperiidae Telicota colon Pale palm dart Neutral 1

Lepidoptera Lycaenidae Castalius rosimon Common Pierrot Neutral 1
Lepidoptera Lycaenidae Euchrysops cnejus Gram blue butterfly Pest 1 1
Lepidoptera Lycaenidae Lampides boeticus Pea blue butterfly Pest 1 1
Lepidoptera Noctuidae Chrysodeixis eriosoma Green garden looper Pest 1
Lepidoptera Noctuidae Spodoptera exigua Beet armyworm Pest 1
Lepidoptera Noctuidae Spodoptera litura Cluster caterpillar Pest 1 1
Lepidoptera Sphingidae Hawk moths Pest 1
Mantodea Mantidae Creobrota Flower mantises Beneficial 1
Mantodea Mantidae Hierodula patellifera Giant Asian mantis Beneficial 1
Mantodea Mantidae Mantis religosa European mantis Beneficial 1
Neuroptera Chrysopidae Chrysoperla Lacewings Beneficial 1 1
Odonata Coenagrionidae Ischnura senegalensis Bluetail damselfly Beneficial 1 1
Odonata Libellulidae Brachythemis contaminata Ditch jewel Beneficial 1
Odonata Libellulidae Diplacodes nebulosa Charcoal-winged percher Beneficial 1
Odonata Libellulidae Trithemis pallidinervis Dropwing dragonfly Beneficial 1 1
Orthoptera Acrididae Cyrtacanthacris tatarica Brown-spotted locust Pest 1
Orthoptera Gryllidae Anaxipha Brown trigs Pest 1

Orthoptera Pyrgomorphidae Actractomorpha Grasshoppers Pest 1 1
Orthoptera Trigonidiidae Sword-tailed crickets Pest 1

Thysanoptera  Phlaeothripidae Tube-tailed thrips Neutral 1

Thysanoptera ~ Thripidae Megalurothrips usitatus Bean flower trip Pest 1 1
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