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A Postharvest Control Technique of the Oriental Fruit Moth,
Grapholita molesta, Infesting Apples Using CATTS

Choongryul Jung, Kimyeon Kwon' and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea
'Bio Utilization Institute, Songchun, Andong 760-380, Korea

ABSTRACT: Postharvest insect pest control is necessary for agricultural industry including domestic consumer markets and exporting
products to meet quarantine issue. Especially, the organic or environmentally friendly agricultural products do not fit to the traditional
chemical postharvest treatments mostly using methyl bromide. As an alternative, a physical treatment called CATTS (controlled
atmosphere and temperature treatment) has been developed to control various insect and mite pests on apple and several stone fruits.
This study was designed to determine the CATTS conditions to control the oriental fruit moth, Grapholita molesta, which is restricted in
exporting the infested apples. To apply CATTS on this insect pest, the most heat-tolerant stage was determined. Among the immature
stages locating on the fruits, the fifth instar larvae were the most tolerant to 44°C for 20 min. The ramping rate (the time to increase
chamber temperature from 25C to 46°C) was positively correlated with the CATTS efficiency under 15% CO; and 1% O,. After the
ramping step, the duration of CATTS was positively correlated with CATTS efficiency. In addition, the CATTS efficiency was highly
dependent on the fruit internal temperature at 44 C . From all these parameters, we developed a standard protocol yielding 100% control
efficiency of CATTS against apples infested by 4,378 larvae including 2,104 fifth instar individuals.
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2](Hollingsworth and Armstrong, 2005; Kells et al., 2001), T}
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1996; Tang et al., 2000; Wang et al., 2002), 114~ 2](Butz
and Tauscher, 1995) 9 Z-3-% 2](Liu, 2003)E 3514 Ech
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E7Fs0te] APEA A IS & 5 QtH(Neven, 2008b).

CATTS 4255 7|&-& ok A =224 WA 7]l Hlsf] 5
T or Huwy Qi) o 24 E o E2F] WA 7]E
o] 319}A 2] 7)< (high pressure processing: HPP)o] T4 7}
d5h= sl thall HEE K Neven et al., 2007). LHFA 0
2 HPPL= A gAIoI 2ol g £5l7] 919 ©F85,000~
90,000 pounds per inch? (psi) Q] 21¢o. 2 A 2] skcK Torres and
Velazquez, 2005). ZS5PEe] 49 & SSe7 78
/do] Ho} 30,000~ 80,000 psiofl 4] 2H Axmo] o FA|w, 1}
Au}e]74= 25,000 psi oo B IsEfoll A A aE
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E=olgUHK Conogethes punctiferalis) “12] 11 B0l Lpq)
(Grapholita molesta)& 3E3F5}1L Qirh H T ol &
°|(G. dimorpha)7} Hi1%] 41, o] 5] Akt W7 717 e A
Attt A A1Z0] 245 531 QItHChoi et al., 2009; Jung and
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= AR Y 5 IR0 IS AR Tsfishe Aol
(Ahn et al., 1985). ARI-] 74-9- THAlof| 21 9ol 5 = 4
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o3 YAIE Fsh= dl, veiE = ISRl f5ol A
ol A Zhsistar A 41517 wiizoll A=A o] 213 o]
FaL, ofof whE thFe] slelsof Ahst= oFA AR 7hA
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2001). ofof] whet =2t $-of| = AR} Al o m] <A o] B
ol ZiAlE ] TFste] = Aol S Eol®
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Fig. 1. CATTS treatment. (A) Loading apples infested by Grapholita molesta larvae and installing the thermal sensors to chamber and fruits.
(B) Dashboard of CO,, O,, and temperatures in CATTS chamber during ramping period. See the increase of both chamber and fruit
temperatures while CO, and O, keep 15% and 1% levels, respectively. (C) Dashboard of CO,, O, and temperatures in CATTS chamber
during ramping period. See the increase of both chamber and fruit temperatures while CO, and O, keep 15% and 1% levels, respectively.
of CO,, 0, and temperatures in CATTS chamber during CATTS treatment. See the temperature of 44C or higher in the fruits during 120 min,
while CO, and O, keep 15% and 1% levels, respectively. (D) Dead G. molestalarvae in the apple fruits after CATTS treatment.
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Table 1. Susceptibilities of different developmental stages of
Grapholita molestato a heat treatment (44 C for 20 min)

DeveL&z;);ental Heazi n:;];sule N Dea M?:/‘iz;llity
Larvae
Ist instar 0.24+0.012 30 30 100.0
2nd instar 0.52+0.031 28 26 92.9
3rd instar 0.7340.033 36 27 75.0
4th instar 0.90+0.037 34 12 353
5th instar 1.05£0.056 34 9 26.5
Pupae - 30 11 36.7

'Statistic among all stages: X*=67.29,df=5, P <0.0001
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Table 2. Control efficacies of different ramping periods of CATTS on postharvest treatment of apple fruits infested by Grapholita molesta
(one box treatment per CATTS chamber)

Chamber ramping'

No. of larvae observed after CATTS treatment”

No. of treated apples (hour:min) Total Dead Alive Mortality (%)
221 1:30 150 150 0 100+0.0
382 2:15 288 272 16 95.249.5
359 2:35 309 275 34 89.4+8.4
394 3:30 274 245 29 88.2+14.0
540 3:43 540 467 73 84.9+14.4
960 4:07 727 611 116 83.849.1

'Chamber ramping stage represents the period of the temperature change of CATTS chamber from 25C to 44C.
2CATTS treatment laster for 2 h after the ramping stage under 15% CO> and 1% O».
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e} Bsoke L ilo] Ald o) = g 11E BAFIcH(Fig. 2). a4 7= 2t Son et al., 2012a,b). = H-+= CATTS A
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(X*=262.67; df =2; P <0.0001). sl A= H8d 5= Q= 7|solete A dSskaTt +
AE Yol 28l Baokeibto] 739 Akt Ui o] 2

T7144°C 2 0] 2 3 CATTS 1.& A &) A7to] S-asie). 18

U} CATTS 7]7] tpiol] A 2] Al 2 ajeko] mold Ao 7]7) [ I « e 1203

Uio] emzvtol uheh Abnh Yia o A agol A JolS 2y (N=137
1 —

Lebd) 2= gt} o] 2 B4517] 9l5) 2o 87) Al A7} Sof

7H= CATTS 7]7]0f] Abo]at A4 #9] Wit Abmpujt & o

7} 44°C o] o] 2= ] 74x] 2 Q= A7HS ZHHCKFig. 3).
717)2] 2t} 712 2 A0] A ARk AR} B Aol Zkakes A ol
ThUj0] 712 7] 7ke R ASA| 21o] 2 ERYTHF = 14.95; df

=1,6; P=0.0083).

Mortality (%)

60 : ; ‘ ‘ ‘ ‘ ‘
50 80 70 80 9 100 110 120
= _ _ = CATTS duration (min)

SS0KLI| hst CATTS X2| St &5
Fig. 2. Effect of different CATTS treatment periods on mortality
of Grapholita molesta fifth instar larvae. CATTS treatment was

oJAFS] CATTS X8| 240 gt 21} B2 27| 7} conducted after the ramping period to reach the internal fruit
el 0, 0
JFe AITELO 7] 44°C of o] 2 7|7MAE HAE temperature to 44C. CA conditions used 15% CO, and 1% O,.

The figures in the parentheses indicate the test insect numbers.

17
q —m At A3} F)geol] whal 78 ~220 2.0 & thafgic). o]

Aol 4] T2 He] A7k 2 AIZEO.R A 7]7] o] o M0
T7) 272 15% CO29F 1% 0, 2748 27 7}3} 318 34 ¥ 2 .
A7) 5ol 2834t} o] Z7lolA] 7R 4,378 the] o] Al s ]
3] A4J5He BgobLo] oA 100% %S vt % o
Wek(Table 3). iR 3~582] Al7]gen, of ke 20 * 7
48.1%31 2,104 v}2)7} 550 2 7|2 gic). T2} Yoix| 2 10| T
0] oF 50% o]A}o] 4891 AL 7Hetsld, 4~57 o] HA| A E 100 P e 1912x 6858
WA 7486 € 3,200 uke] oAk AAIe R 0.E Ak E o7 e R'=071%

: ; . :
Il XEP Number of apple containers

Fig. 3. Variation of the ramping period to reach the internal fruit

223} T 3| WA 7|42 4] CATTS A 2] 7148 o)A temperature to 44°C according to the amount of the loading
- apples. The chamber has the maximum capacity of eight apple

A gte = Thalsis Bapolil A W Rgolel  containers.

Table 3. Confirmation test of CATTS' efficiency against 5th instar larvae of Grapholita molesta

Heating rate (C /h)2 Final chamber Total maximum treatment Final fruit core No. of total larvae Control
& temp (C) time (min)” temp (C) (5th larvae only) efficiency (%)*
4,378
7 46 350 44 2.104) 100

' After the internal fruit temperature increased from 25°C to 44°C during ramping stage (75-220 min), CATTS treatment lasted for 2 h
under 15% CO; and 1% O,.

*Rate of temperature increase at the fruit core from 25C to 44C

*Total treatment time from initial increase in fruit core temperature (from 25°C to 44°C) until the termination of CATTS treatment
*Mortality was assessed at 24 h in 25°C after CATTS treatment.
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o AakA 02 53 0] 7V 2ol et ol e Aoz
B 2tk ol 7)20] Aol F1 2% B4 Bflel 4sio]
TV e WS etk HollA] Bpoldy §5717 A
satol what o] ot o] otk A9 omiic. 1]

wIe7]9] 92 4, 530o] M8l S & A BT $4)
& 297 Bpob Aol A E Lkt 3% 45 waet
7P =2 YAJS HTKSon et al., 2012a). u}efA] Eols
Lol gt CATTS & ' A Eh= Ao ol 7 =259
= FEEE YA avE A8 ok Jtk

CATTS 2] 218 AA357] 9fsl WA 7tddA 9] £
of thet WA && H7F A E U ol = 7FEdA o] 7}
g Serblepd s A 82 STk @FAol ek
59| Y= 54 =32 52| (Hoffman, 1985), ti2 T
9 DNA 343 A X|(Koval, 1994), A2} 5}317)(Chapman, 1967),
wHh 2 WA (Hochachka and Somero, 1984) 18] 31 Y3 CO,
%7KNikam and Khole, 1989) 2 vt Xt 71845 E7 =83
of whet 2F-o] ol tht A-gHS 7AHA CATTS WA
a1= 9oz Bt Neven and Rehfield, 1995; Neven et
al., 1996). o] gt 2-g-Holli= 50| @ LEH 2o Bhg-5}o]

o

O
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AASH= D2 ATkl 2l (heat shock protein: Hsp)©] Zoife
Ao 2 FAHE duiA o g H20| HeE GF Ao uet Y
JEl= Aol o]2f3t AEA 3] & yolElA &

L g|(Yin et al., 2006), CATTS ] & Aba 2712 o235t &
FATA) S8 oIS Ao SAEC AT 1%
Q1 BpoL AL ] A9 CATTS Aol A5ATL 44
A} Hsp90 32 A A|5h= A o2 vl %t Son et al., 2012a).
s poleLpo] AFATNA AR Hsp703} Hp90)7)h 3
o] 91a) A 2L, 0]50] 44 C o)A W& =K Chen et al., 2013).
ul% = G2} o] CATTS Ae] oA 2|, of
5 744 of | ghalo] AujAo] Tolsh Az ¥ Wl
of g,

7HaeHA| o] % M= CATTS A TA oA = 2 2] Al7ko]
Z7¥atol whe WA Eaks SolAT. ool A 714 e A
B8 SuiEsl] 919) CATTS S ol Absieh Ul v
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AL40) 2R A Fk 7hs 2AE BE 4|9 A5
2]

FAL & oAk} EkA 272 TCA 3] &of Ho{dl+= succinate
dehydrogenase (Edwards, 1968) 2 malate dehydrogenase (Fleurat-
Lessard, 1990)< ARtz S|4 Zpo] & F=aL Q. o7]
o & 9| oalShA 2212 A & StolF ATP AR
= S7HAA A YA ATP O] a1 zh2 w2 A| f-Iesho] ZRAL
a1-= Zslstci(Neven and Hansen, 2010).

Eookeuol tigt CATTS o] WA Ak vl=9] 413
Aol A A= Lo, & Atoll A A7t A 2] 2213 Zpo]
2 Btk BgpolLiubal o Eo] Ao} dapolso] s
FEP UK Cydia pomonella)o t)gF CATTS 48 & sl = =
A G37F A= ek o 2 AefAlet FUgt46 C 2l A
2] 2ol A] 2HA Uj57E oF 44C oo g 3087H(12C/h 2
T 27t &%) B 15871240 /h &5 57} 45) §A5h
100% 45 A5 B §ITH(Neven et al., 2006; Neven and Rehfield-
Ray, 2006b). -AFeE CATTS 7|0] A2] 2H4dE 7}elfsh= 2t
Alak2) B(Rhagoletis indifferens)o| A= 1 A a0 YSE ]
THNeven and Rehfield-Ray, 2006a). £ Lo A = 2} 2] U
H 2571H44°Cof o] 2o} 2bd WA A3k 7|hE 4= 919l
th. Z12fuf o] o] 5ol CATTS A Al7kof| A AT Aol S 1
R} 1=2] 930+ o] e AIRE}] b 2 Atof A
= Epoliue] gl 48 RIHE 7] oA 12089
CATTS 1o A7 2730, 2EAOR 7)7)9) 37148
Ao A ato| &= Al 2 QA= Ao Aol & &
Atk ofof whet ZtATA o A = Aol 2 g Eo] ILFo R
stoja A5 Al gt 2585 217 shof o]% CATTS 9| =
SAgro] Aol Aoz A Fnh webA SjollA] A2
CATTS 71717} 571 2 9 ool mhE AR 2 Ed= &
Eo)A vlEsiths A oulFlch 5 7)7] Wi 227t H
] AR ite] £ HekE sk E 7)) W 57 <%
WAl HPAIE Lot Itk vF Aoldt CATTS 04|
o 2 dAelA ARE 20e dejehy, 3 22 15C
CO, 1% 02014 7HATHAR= AR W27} 44 C o] o] 2=
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