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ABSTRACT: It has been unclear whether the diamondback moth, Plutella xylostella can overwinter in Korean field conditions. This
study determined overwintering conditions of P. xylostella by conducting field exposure tests based on its cold tolerance and monitoring
overwintering populations by direct examination of overwintering larval habitats and capturing adults with sex pheromone traps. In
addition, the overwintering populations were analyzed using polymorphic genetic markers to trace their sources. When all immature stages
of P. xylostella were exposed to -5 C , which was the temperature much above their supercooling points, they significantly suffered with direct
cold injuries, where larval stage was most tolerant to the cold injury. However, the exposure to 5°C for a long period (4 weeks) did not give
any significant cold injury to nonfeeding stages, while this treatment gave lethality to larval stage without diet. When all developmental
stages of P. xylostella were exposed to open field conditions during winter, they exhibited significant decreases of survival rates. However,
some protected and indoor conditions reduced the cold injuries and the diet provision significantly increased larval survival rates. Adult
monitoring with sex pheromone during winter period indicated that the first captures were observed at similar periods at different locations
(= 260 Km apart). The overwintering adults were captured until early April. Genetic variation of these overwintering populations was
analyzed with polymorphic molecular markers, indicating significant genetic divergences among the overwintering populations. This
study indicates that P. xylostella can overwinter in southern Korean fields or some protected greenhouses with host plants.
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Table 1. Long term exposure of different developmental stages of 2. xylostellato -5°C without feeding

Survival rates' after exposure periods (days) F
Stages , P
3 5 7 9 13 15 17 19  (920)
Egg 66.7°t14.5 75.7428.9 52.4%11.3 56.9%t16.0 42.1°:22.2 57.3%+581 46.0°£12.6 40.1%+12.7 262421.8 19.7°+624 3.25 0.0135

2nd
instar

4th
instar

100%40.0 96.742.5 90.0°44.4 833°429 86.7°+63 76.7°453 70.0+7.3 80.0"42.5 633463 66.7+4.8

100%40.0 93.3£5.8 86.774£5.8 90.0%40.0 90.0°40.0 76.7°+11.6 83.3"£153 73.3%:11.6 80.0°:10.0 70.0°:10.0 4.26 0.0034

9.62 <0.0001

Pupa 100%40.0 96.745.8 90.0%:10.0 100’+0.0 76.7+25.2 56.7+37.9 80.0™+10.0 53.3%£23.1 40.0+10.0 60.7°£252 5.39 0.0008

'Different letters after mean values indicate significant difference among means in each developmental stage at Type | error = 0.05 (LSD

test).
*Degree of freedom.

Table 2. Long term exposure of different developmental stages of 2. xylostellato 5°C without feeding

Survival rates' after exposure periods (days) F
Stages 2 P
1 3 7 14 21 (4,10)
Egg 43.5'+31.4 52.6°+6.40 40.9°+26.7 60.5°+12.5 53.3"£10.8 0.46 0.7643
2nd instar 100°+£0.00 100°+£0.00 89.9°+3.34 85.5°+10.7 89.9"+8.82 16.31 0.0002
4th instar 100°+0.0 97.8°+1.92 96.7°+3.34 93.3°+6.67 85.5°+3.80 4.6 0.2680
Pupa 69.9°+31.8 56.6°+20.0 48.9°+13.0 68.9°+18.9 66.7°+10.0 0.65 0.6412
'Different letters after mean values indicate significant difference among means in each developmental stage at Type | error = 0.05 (LSD
Zfae:;)}ee of freedom.
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Fig. 1. The first field exposure test during winter (28 days from Dec 19, 2013 to Jan 20, 2014) in Andong to determine survivorship of
different developmental stages of Plutella xylostella. 'No Protection' represents the exposure of test insects to open field conditions.
'Protection’ represents the exposure of test insects to greenhouse conditions without heating. Ten individuals were tested in each
replication. Each developmental stage was replicated three times. Asterisks indicate significant difference between two treatments at

Type | error = 0.05 (LSD test).
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Type | error = 0.05 (LSD test).

Of2| ST DLIEZ

s FFgol suloll Ee e = e AIE A o2 ot
H7] 98l AL 713 St | 2 ERfE o] 88t AU it
402 2ARIItHFig. 3). oF&®] A& 7k T = E A
(A=, Fak S-S oo ofe] v S 1 ) 75 A4
S SIS 20149 2 18Uof| AlFEm oA Holrh]
= d5< Wil e 6 i o = AT =1 v
SR A171(2014E 2 12)f sl A= 1 vk 2 v S5t
o= AT o= Ejlof S Hxo| Hija%

360 Korean J. Appl. Entomol. 53(4): 355-365 (2014)

U 45229 259 A} A7)0l QFEAI(36°34'N, 128°42°E)
oA A E ATk FrARRE AT AI7)(2E 26 D)ol 78715 -2 A]
(37°33'N, 127°06'E) Hlj5=i R0l A = ol 22 Efio] A
< 1 ohelE ARSI AT o] % kg Al el A o A= R4
T AF WA T3S UERAL 0% 7 A Bl A
Ao Yol AL §lolA AL, thA] SHRE Efiof #RlEe
WA P HEHEE 5, ol AZIQEE ~ 4 )7 e SE
o] AEAld) 7T Esste] v 2 Efof feld o=
T AT

e



Andaong1
40
30 4
20 4
a4
. . . .
&0
- _.A ndongsZ
40 -
0 |
20 -
& 101
=E | I ) - 1
10
% Andong3
E 25 4
20 4
B | |
. L L.
42 |Guri
10
g
4
e W20 P58 5 W0 18 20 25 996 W V620 28 3 & 10 18 20 25 3
! Feburary ' March ' & pril i May '

Fig. 3. Field monitoring of overwintering populations of Plutella xylostellain Andong and Guri using sex pheromone traps. The traps were
established at December 15, 2013 and investigated at every week. About 260 Km is apart between Andong and Guri. Three places in

Andong are apart each other by about 1 Km.

QHET} Tajolq Z}2E AFEH Al 710l A2 E o] 9l
B b BEATY A5 So] BT A4 H2s)
of Lkt 2214 ofU | 7k Aol A B A So] g }
of 25 Z01A] TH5] YA o) ofel] ATE] f
A GAKY B Aol R Bast ok o) $19) Hl
o= g_71—5}7ﬂ T3k = Q)= RAPD Aot S A4 E
|8FATKFig. 4). & 10 7]2] RAPD Zefo|n 1ot
CR 237} §=Siekal et 2bo| & 2 Helli= RADP A uf
#(N-7200, N-8041, N-8051)7} A=Atk N-7200 X|#=2
oF= 3 Aok La] 9 &y Aok-S v w3k Aat o] 5 5 7)) Aho]
M TR S e T, oHge] 7]e] Hgo] T o
Aetol A ol A kot i AeoR BolrkFig. 4A). §
ARt 712 ®Hol7F N-8041(Fig. 4B), N-8051(Fig. 4C) |3

=
rE

> El
o X

My > ofN
~
ol

o
=

24 OME L}E}wu} cpelif o) Aol i 52s] A2l
E e ek e

i = E o) A5 o] WolR| AL, iS5 HIERE o= A
sk} 2] Tal7t Z7FskaL gl 57191 A9} o] £
A ‘sFof thst A3 (Kim et al., 201 1) 20|11, FY A2
o= sofo] TRt e S BE HjFEugol o] Fof
o] 204 Wglof| 7]01% R AL BESE Ao Z B s}t
ItiKwon et al., 2004). & T} 15-0] J tolZ=rtoldlA &
ofol] thgk GABA =84 9] 2H-§-3 W= v FFLpol A B

Overwintering of the Diamondback Moth 361



(A)
0.0
0.2 mz
0.4
- 06 150 5
g= 7o 5
= l—1.25 o,
z @
=
g |—1.00 2
[
I=t | 075 &
z
o @
o 0502
g o
< ‘ | 0.25 2
o x
L_0.00
GR AD2 AD3 HN
(B)
S 1.50 gg
2 _ 2
7 1.25 3
2 e — 2
= ,o | 100 &
g @
Z 0.75 &
5 — =3
[
= 0.50 &
S — o
om =
E _0.25 g
= 0.00
AD2 AD3 GR HN
(@)
.0
2
o 4 =
8 2 —2.00 E
B : 2
=
g —1.50 o
[in &
= a
= 4]
= —100
& o
o B
fa5)
= —oso S
=
L _—o0.00 %
AD3 AD2 GR HN
(D) (E)
o
o 2.00—
i)
wr
=]
U
S 1.50—
@
<
=z
48]
[sa]
o 1.00 —
1)
c
o
&
.
A
0.50 —
E
3J
E
=
@ 0.00—
= AD1 AD2 AD3 HN GR

Fig. 4. RAPD analysis and genetic variation between different geographical overwintering populations of Plutella xylostella. At least 30
individuals were analyzed for the genetic analysis in each population. Three Andong populations (AD1-AD3'), Haenam (‘'HN'), and Guiri
('GR) populations were collected using sex pheromone traps and assessed in three different RAPD markers: (A) N7200 (B) B8041 (C) B8051
(D) Combined data using 34 loci. Loci represent different RAPD bands. Sequential clustering method was used to construct phylogenetic
trees using PROC CLUSTER option of SAS program. (E) Sampling sites.
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