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Control Effect of a Stored Grain Insect Pest, Tribolium castaneum, by
‘CATTS’ Postharvest Treatment

Yerim Son, Yong Kim' and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 760-749;
lDigital-Solution, Inc., Uiwang 437-010, Korea

ABSTRACT: A postharvest treatment called CATTS (controlled atmosphere and temperature treatment system) has
been used as an alternative nonchemical measure for methyl bromide fumigant treatment. This study applied CATTS
to control the red flour beetle, Tribolium castaneum, infesting stored grains. Adults of T. castaneum were susceptible
to 46C heat treatment. The susceptibility was further enhanced by addition of CA conditions (15% CO, and 1% O).
When CATTS (46T, 15% CO,, 16C/h treating rate) was applied to different developmental stages of 7. castaneum,
it showed 100% control efficacy by 120 min exposure. There was a variation in CATTS susceptibility among
developmental stages, in which late instar larvae were most tolerant. Heat shock proteins of 7. castaneum appeared to

be implicated in the tolerance of CATTS.
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T 22 RIEES ol 83e 5 A=A HEL AT
F71A ATt A anE JehA =9 4818 29|
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A2, BH2EAT, PAAAE Y o]59] EFAE £
Wtk LEAE 5o 2= gt AE A WAE
o185t W 714017, BHZALHeNE BE Bre| ot
slekiol B o] AkhE ANF L& HE olujaict
(Carpenter and Potter, 1994; Neven and Drake, 2000). =}A}
Al ZARE 315:2] DNAQ| S5HaRhE BIAACR o548
I RIS Sk 71EF B Aes: oEAT
(Hollingsworth and Armstrong, 2005; Kells ez al., 2001),
ofo]Z ZulR] El(Ikediala et al., 1999), tt]. 23wl A7
(Nelson, 1996; Tang et al., 2000; Wang et al., 2002), 1At
ZX]2j(Butz and Tauscher, 1995) @ 23] 2](Liu, 2003)
5ol 4=A Utk

=23 A7le 7k SH2EEAT s Y9 CATTS
(controlled atmosphere temperature treatment system)= &

£ Ol B2 F=9 oplspae) W FEO] A 3
2704 EA 35 AL Al dste 222 st
of WA] E7E S|EeH= 7]0]cHNeven and Mitcham,
1996). CATTS 7}&o] 2J3] 48 $ 28 Hejof o3 A
3t SF o 2 ITAWNCydia pomonella), B5ole
Wil(Grapholita molesta), A5E\10)Conotrachelus nemuphar)
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al., 2006; Neven and Rehfield-Ray, 2006a,b). =3t thAr
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ARRE=EARX(Tribolium castaneum)= A HA R
2 BESUA 43 3 DASE Thesiel 3AH Deje
FE F8 FFo2 4#A UckBirch, 1945; Daniels,
1956). w3 I2& of| Fe= o] YA YL Epa(Le
Cato and Flaherty, 1973), 7]"HRooder and Andri-Essen,
. 1983), AJg4~(Shazali and Smith, 1986), Z(Kim and
Ryoo, 1982)2 Ej=|3l jc}. mldH 2nlo]=o] o3t 3)st
% E5A P gEstd ARRE=EAA D WA oA
vz =4 SpEleRES £o)7] Asl BH=2d i
I5A COs (85%) 71&o] AIEETHNa et al., 2006).
B A= 00, BEE 15%E FRI81AL, AAk(1%) AES

R CA 27NN AR} ARRES AR A
7hs3t 7ol TRt CATTS 714 Al s AREE
S22 cherat wg A7) e 71 Aol ke
718 BHSEL CATTS Hei8 HEsie] 97 =% A7
2 B3P E3 CATTS A2lo] ofah ARAEEA 2
o] e Aejaon Ausly] s AEd g it
R sjEa} Blo] Y= AFATRYY WAL LA}
gk,

Az A Uy

SAE

HARAR T EA A e = U7FE, yeast extract (Scharlau,
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Arololis $2& 717} 9 vlely AEstel WA RNAS
F&3I9ck AA) RNA 3222 Trizol (Invitrogen, Carlsbad,
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8 A 5ol ZefolmR PCR 53-8 HAStgh:

#H &8 365
g, 2T 1 230 = ?i 2739014 30 Q %
s

A=

BE AZaT AIY dile B8 AR 2N acsine HE
X SASS PROC GLM (SAS Institute, 1989)-& o8-8}
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115.42 8(102.87~ 13720 B)o2 A&Fc]

CA =Ziof| e Axz| Mo &7}
CATTS 2] siAQlle dxje) a3E Svislsly) <ls)

ab a a
100 - N _-®
ad —

80 1
g /
el /
t i
2 4w~ b/

//
20 ~
[+ C

0 30 45 60 75 90 105 120

Exposure period (min)

Fig. 1. Susceptibility of Tribolium castaneum adults to heat
treatment (46°C). Treated adults were transferred to 25C
and mortality was estimated 24 h after the heat treatment.
Each treatment was replicated three times with 30 individuals
per replication. Different letters above standard deviation
bars indicate significant difference among means at Type I
error = (.05 (LSD test).
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] & dolus 239 35 FAE £ =Y okt
B Ao o3f) A= 9 Stk olg S| S5
46 C oA Z-2 717k Bt =&EA71TL, 15% COx E 1%
0, A0 H2L =2 A HKFig 2). AT T 24 A|7to]
A} Tof dx8] G52 38%2 AMYES 7123 vy,
A9t oASEAE FAlY| A I 100%9] A58
2ok

HAA=EHKE thst CATTS XMz 71s i

AZrE AL CATTSE vigoz wrlz o] Yy
257 4T 0|2 F 1eF AR w2 AZREEA A
o] YA ATE EA8IAtHFig. 3). ARAEEEAA Y
2= A A F71f| wet wokle AFE Ve
Wk g §5-& CATTSY)| &2 WS Rthr = 9.56;
df = 3,8; P = 0.0051). x5+ 120 7t H2)3t5S =
100%9] 2AHEE Byt

CATTS on C. sasakii

Mortality (%)

Control

Heat Heat + CA

Fig. 2. Potentiation of heat treatment (46 C, 60 min) with
addition of CA conditions of 15% CO, and 1% O, against
Tribolium castaneum adults. Treated adults were transferred
to 25°C and mortality was estimated 24 h after the heat
treatment. Each treatment was replicated three times with
30 individuals per replication. Different letters above standard
deviation bars indicate significant difference among means
at Type 1 ervor = 0.05 (LSD test).
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Fig. 3. CATTS effects on different developmental stages of Tribolium castaneum. Rate of heating was 16 C/h. Treatment period
represents time at 46C. CA conditions used 15% CO, and 1% O,. Treated individuals were treated to 25°C and mortality
was estimated 24 h after the heat treatment. Each treatment was replicated three times with 30 individuals per replication.
Different letters above standard deviation bars indicate significant difference among means at Type I error = 0.05 (LSD test).
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Heat treatment CATTS
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Fig. 4. Expression profile of heat shock proteins (hsps) of
Tribolium castaneum adults, Heat treatment used 46°C.
CATTS used heat treatment of 46°C for 30 min with 16 C/h
heating rate and CA treatment of 15% CO; and 1% O,.
Expression of each gene was analyzed by RT-PCR with 30
cycles. 3-Actin expression used to confirm the cDNA preparation.
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T BEEEAXNGE WA 7Hs RS AR5l s
YL CATTS Aol A== 46T 2AL AR
AE=EAA R 3l LEA7) BlEle] AREe =7
AlFen, Tz wet xlo|E Hrh Wi CO,
5 15%, 0 5% 1%E AX3 CA 27404 o
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A= Mahroof ef al. (2005)2] At AE A QXA
FArk &, 540 W3l hsp700] f%= WA AREA
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o9l Ail= CATTS &% A 7|go] AZIES
7Hfsks ARBE=EAR S WAE7 o H8E = Ug
< AL Qlot B3 3ATA 9] AF2l hsp700]
CATTS A2jof] g URZ 2H88 = g2 Kol itk
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