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Post-harvest Treatment on the Peach Pyralid Moth and the Small Tea Tortrix
Moth Infesting Apples Using Controlled Atmosphere and
Temperature Treatment System

Youkyeong Hong, Kimyeon Kwon' and Yonggyun Kim*

Department of Bioresource Sciences, Andong National University, Andong 760-749, Korea
"Institute of Biological Utility, Andong 760-380, Korea

ABSTRACT: A complete control on quarantine insect pests is required for exporting domestic apples to other countries. To this end,
a controlled atmosphere and heat treatment system (CATTS) has been developed as a post-harvest treatment. This study determined the
CATTS conditions to control completely two lepidopteran insect pests, the smaller tea tortrix moth, Adoxophyes paraorana and the peach
pyralid moth, Dichocrocis punctiferalis, which exhibit different feeding behviors. In both species, the fifth instar larvae were the most
tolerant developmental stage to the heat treatment. Under CATTS conditions with 15% CO; and 1% O for 1 h heat treatment at 46 C,
the fifth instar larvae of 4. paraorana exhibited a complete lethality, while those of D. punctiferalis underwent 88% mortality. To control
completely the fifth instar larvae of D. punctiferalis, 2 h heat treatment required under the same atmosphere condition. These CATTS
treatment effects were confirmed against over 3,000 fifth instar larvae of each species infesting apples. This study demonstrates that the
longer exposure to CATTS conditions is required for the complete disinfestation of the internal apple feeder compared to the
non-internal apple feeder.
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2 Aejof w1 Tl Folal sfFolvt A o g Y=
g U HEFo 2 JlehE 7]4o]tiNeven and Mitcham,
1996). £, 46C 2= 253 AMEAIE 4= Qe @A 2
oL} 2Hzof| = T3S & 4= AtH(Neven, 2000). L2{L} =2
A 46 CAA A5A 712 718 H 28 o5 oF] 27ollA 8F
F 5 A oA YEuhs 2k s £ o,
£ SoHA si5 Arde BT ). ol2et 2=
& HIE siFolAlE 22 A5 = o, A

71

278 S A0 75}

4
32

>,
flo o br
=2
X,
rr
&
o
X
2
>
rd
Jo
N
fol
ot
0,
oo rE
ot o ftlo
QL
i Tor
ol
iflis
KN
X o
fr ok

9

= ATP & Aok 1, ok&e] 2 oitelea 2705
oS - ATP ARG AAIAA sl == TS =hish
AlZ 4= Q1t(Neven and Hansen, 2010). wj2bA] AAkA 9 =2

| =
olitsterao ti7| 23S o83t e S 2 St EA 2
U2 3|5 52 &ls] st sk HElE ol 8sto] A
] 7]450] CATTS 2A] ARhE 7hahe sl 15% ol Aksfet
2, 1% Ak 2704 46°C 2 dA) )7} 213)= thNeven and
Rehfield-Ray, 2006).

Alto i E L] Qato U Adoxophyes spp.)-< ARE 718l
LI %0 A3} 98 TafsiLt, Qe Al o]
h 2 H-S 7l517 | = Shcl(Lee, 1993). ol = 2|
(4. orana®} A. paraorana)©] ZAE o] Q1= Ao &
) O (Park et al., 2008; Byun et al., 201 1) -3-5 A} Ef
THJo and Kim, 2001). 0] 3j50] B EZ35}A] 9= n|

MRS FESH = A9 ol s A9 el Hrk

ol
2

A rlo e
>~

s
2
;O

fome pome
o
4
o

e
ot
ot

A]

12
o
il

18 Korean J. Appl. Entomol. 54(1): 17~23 (2015)

FEAGE FHeR Eixsl= BEsolg Ui (Dichocrocis
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(A) CCCACTTTCA TCTAATATTG CTCATAGTGG AAGATCTGTA
TTTTCTCCCT TCATTTAGCT GGTATTTCAT CAATTTTAGG
TTTATTACAA CCATTATTAA TATACGACCT AATAATATAT
AATACCATTA TTTGTCTGAG CTGTTGGAAT TACAGCACTT
TTTCATTACC AGTTTTAGCA GGTGCTATTA CTATACTATT
AATTTAAATA CCTCATTTTT TGACCCTGCA GGAGGAGGAG

TTATCAACAT CTATTTTGAT TTTTTGGTCA CCCTGAAGTT

GACTTAGCAA
GGCAGTTAAT
CATTAGATCA
TTATTATTAC
AACAGATCGA
ATCCTATTCT
TAATCTTATT
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(B)
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53.3 |

100 ——

43.8 T T T T T T T T 1
10 5 0

30 25 20 15

Nucleotide Substitutions (>{100)
Bootstrap Trials = 1500, seed=111

40 35

Adoxoyphyes paraorana
Adoxoyphyes sp.
Adoxoyphyes orana
Graphdita molesta
Adoxoyphyes honmai
Graphdita dimorpha

© Isolate (Adoxophyes sp.)

Gene

Blasted species GenBank accession # | Identity (%)

Match score (bits)

E-value

Adoxophyes orana JQ305015.1 99%

619 Te-174

Adoxophyes paraorana JF733838.1 100%

584 3e-163

CO-1| Adoxophyes honmai DQ073916.1 95%

538 2e-149

Grapholita dimorpha KJ671625.1 91%

472 2e-129

Grapholita molesta AB603521.1 91%

472 2e-129

Fig. 1. Identification of a small tea tortrix moth (Adoxophessp.) using cytochrome oxidase-1 (CO-I) sequence. (A) A partial CO-l sequence (B)
A phylogenetic tree showing closeness of the test tortrix moth isolate to A. paraorana. (C) DNA sequence homology table of the isolate with

other leafrollers in test CO-l region with a Blast search.

Table 1. Susceptibilities of different developmental stages of two lepidopteran species
punctiferalis) to a heat treatment (44C for 20 min)

(Adoxophyes paraorana and Dichocrocis

A. paraorana

D. punctiferalis

Developmental stages

N Mortality (%) N Mortality (%)

Egg 93 80.6 150 100.0
Ist instar 30 100 30 100.0
2nd instar 36 100 30 100.0
3rd instar 30 93.3 30 100.0
4th instar 30 80.0 31 80.6
5th instar 30 60.0 30 66.7

Pupae 30 80.0 40 100.0

Table 2. Confirmation test of CATTS' efficiency against 5th instar larvae and pupae of Adoxophes paraorana

» Final chamber temp Total maximum

Final fruit core temp  No. of total larvae

Control efficiency

q C 5 R .3 o
Heating rate (C/h) () treatment time (min)” (C) (pupae) 0l
3,067 100
7 46 350 44 (59) (100)

' After the internal fruit temperature increased from 25C to 44°C during ramping stage (150 min), CATTS treatment lasted for 1 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

4Mortality was assessed at 24 h in 25°C after CATTS treatment.

20 Korean J. Appl. Entomol. 54(1): 17~23 (2015)



Table 3. variation in CATTS' control efficacy depending on treatment conditions against the 5th instar larvae of Dichocrocis punctiferalis

Heating rate ('C/h) Final chamber temp (C) Running time (h) N Mortality (%)
7 46 1 162 88
7 46 1.5 265 97
7 46 2 857 100

'After the internal fruit temperature increased from 25°C to 44°C during ramping stage (150 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

Table 4. Confirmation test of CATTS' efficiency against 5th instar larvae of Dichocrocis punctiferalis

Final chamber temp  Total maximum

Heating rate (C /h)? Final fruit core temp No. of total larvae  Control efficiency
& (C) treatment time (min)’ (0) (5th larvae only) (%)*
7 46 350 44 3,022 100.0

'After the internal fruit temperature increased from 25°C to 44°C during ramping stage (150 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 44C) until the termination of CATTS treatment

* Mortality was assessed at 24 h in 25C after CATTS treatment.
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sk sl 2ol tiall A= It Neven et al., 2007). L4+ o
2 HPP&= A& wtolu Fuflatg 25317] 93] F 85,000-
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U Alelol 2B TIaE oA N fot ¥ 4% 7| &R K8l
ol = A7} Qlck thakst CATTS 2ol wheh of 2] £2] Al
of| thet 2= 8l 2Afol| A TR 2 5 X2 7]<zof Bl £
o1, @3] 2] M 0] a3 A AAA AL A/ S =olaL
AEH AoE =S FrfE B2 QtiNeven et al,
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