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Manipulation of Summer Diapause by Chilling in

Matsucoccus thunbergianae (Hemiptera: Coccoidea: Margarodidae)
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'Forest Resources Research Institute, Jeolanam-do, Korea
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ABSTRACT: A set of experiments were conducted to determine the zero temperature and total effective temperature for the summer
diapause and post-diapause development of Matsucoccus thunbergianae Miller et Park (Hemiptera: Margarodidae) which infests the
Japanese black pine, Pinus thunbergii. The diapausing first instar nymphs were kept in cool storage during three separate times, each
starting from May 4th, June 19th, and August 15th of 2002. Cool storage temperatures were 2.5, 5.0, 7.5, 10.0, 12.5 and 15.0°C. The
nymphs were chilled for 10, 20, 30 or 40 days in the first two sets of experiments. In the third experiment, nymphs were chilled for 3, 6,
9 or 12 days. Molting into the second instar nymphs was examined every 10 days, starting at 20 days after taken out from the cool storage.
Optimum temperature range of the diapause development was between 7.5 and 10°C, where diapause development was completed in 40,
20, and 6 days by the insects chilled from May 4th, June 19th and August 15th, respectively. Comparing the three sets of experiments with
different chilling periods, zero temperature for diapause development was calculated as 29°C. Effective temperature for diapause
development was 964 degree days, and it was estimated that nymphs completed their diapause development by September 8th in nature.
Under natural temperature conditions >50% eclosion into the second instar occurred on November 9th. Zero temperature for
post-diapause development was 10°C , and total effective temperature for post-diapause development until the molt into the second instar
was 391 degree days.
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Table 1. Effect of cool temperature storage for different periods
on the termination of summer diapause of Matsucoccus
thunbergianae (First experiment)®

DATE

Fig. 1. Percentage of accumulated egg hatch of Matsucoccus
thunbergianae at dates examined.

100

90

80

£ 70
= ./'
Z 60
o /
w50
= /
5 a0
<] /'
= 30 /

20 #

10 ._______-—-'—

0

20 25 30 4 ] 14

October November

Fig. 2. Percentage of accumulated molt into the second instar of
Matsucoccus thunbergianae at dates examined.

Temperature Chilling period (days)

100 (©) 10 20 30 40

zs o 2.5 0 3.9 10.0 9.5
§ 70 /'—'—'/ 5.0 0 15.4 3.1 0
g% / 7.5 5.0 7.1 10.2 76.1
% js ,1/ 10.0 0 9.5 12.5 75.0
< 30 e 12.5 0 0 22 55.0

- _~ 15.0 0 0 4.1 2.8

0 ""’l ' _ _ “Chilling began on May 4, 2002. Percentage of molt into the
Apr.ls 16 17 18 19 20 21 22

second instar was examined at 30 days after taken out from
each treatment.

Table 2. Effect of cool temperature storage for different periods
on the termination of summer diapause of Matsucoccus
thunbergianae (Second experiment)®

Temperature Chilling period (days)

(©) 10 20 30 40
2.5 0 4.8 17.4 0

5.0 0 4.8 60.0 57.1
7.5 8.3 75.4 61.8 52.3
10.0 0 68.5 75.2 61.9
12.5 0 85.4 61.9 63.6
15.0 0 71.3 54.9 70.0

*Chilling began on June 19, 2002. Percentage of molt into the
second instar was examined at 30 days after taken out from
each treatment.
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Table 3. Effect of cool temperature storage for different periods on
the termination of summer diapause of Matsucoccus thunbergianae
(Third experiment)®

Temperature Chilling period (days)

() 3 6 9 12

2.5 0 0 72.7 65.8
5.0 0 66.6 70.0 86.4
7.5 23.8 80.0 71.4 75.4
10.0 0 62.5 85.7 75.0
12.5 0 4.8 87.5 74.1
15.0 0 4.8 72.0 85.7

“Chilling began on August 15, 2002. Percentage of molt into the
second instar was examined at 30 days after taken out from each
treatment.

Table 4. Summary of experiments for physiogenesis of Matsucoccus
thunbergianae. Days of cool storage required for the completion
of physiogenesis in more than 50% of test insects, at various
temperatures and initiation dates of cool storage

Dates of cool storage initiation

Tem(‘iér;‘ture May 4,2002  June 19, 2002 Au%ztzl >
10" 20 30 40 10 20 30 40 3 6 9 12
2.5 XX x x x x x x x x x OO
5.0 x x x x x x OO0 x OO0OO
7.5 x x x O x OO0 =x O0O0
10.0 x x x O x OO0 =x O0O0
12.5 x x x O x OO0 x x OO
15.0 x x x x x OO0 x x OO
“Chilling period (days). "x: physiogenesis not completed. O:

physiogenesis completed.

Seytaudiol| =10~ 15T 9 2 m(Riom and Fabre, 1977) T}
LSFolA o] FHds H AR = 7 Fuit) o2, F
2]Z&H F(Schneiderman and Horwitz, 1958) 2} 14 u}2]F(Van
Kirk and AliNiazec, 1982)2] 7% 0~ 5C, ¥FzZ+A] 5(Shimoda
and Kiuchi, 1997)2] 10~15°C, 2l d|5&(Fisher et al., 1994),
Ztul2] Z(Ishikawa et al., 2000), H5-2}=|F(Masaki et al.,
1979)] 15°C o} 5] 7]20] 9Ick ofHl Fol AL % 4] 2
eyt ZRl | wslo] B2 vl e Calliphora vicina)=4C
9}25°C(Vinogradova, 1974), Sl MK Plodia interpunctella)-S-8
~10C 2} 30°C(Tsuji, 1958), Ephestia elutella (Lepidoptera:
Phycitidae)= 10°C 2}25~30°C (Bell, 1976)7} 2 115 u}gic}.
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Table 5. Effective temperature for the physiogenesis (K degree hours) of Matsucoccus thunbergianae calculated by substituting various
temperatures as zero temperature for development (Tyo) in three terms of the equation

Term of the equation®

T (C) : : Mean+S.D. C.V. (%)
First Second Third
19 9844 7070 4203 7039.0+2820.6 40.1
22 13601 11230 7897 10909.3+£2865.5 26.3
25 17444 15940 13275 15553.0£2111.2 13.6
26 18733 17824 15688 17415.0£1563.2 9.0
27 20026 19616 18145 19262.3+989.1 5.1
28 21321 21477 20434 21077.3£562.6 2.7
29 22617 22617 23468 23133.7+453.9 2.0
30 23913 23913 26273 25130.7+1181.8 4.7
31 25209 27105 29122 27145.3£1956.8 7.2
34 29097 32823 37870 33263.3+4403.0 13.2

*First term: nl

Second term: n, *

* Tpo - 2 Tan+ (Tpo - 10) x 40 x 24 [Cool storage began on May 4.]
Tpo - 22Ten + (Tpo - 10) x 20 x 24 [Cool storage began on June 19.]

Third term: n3 -
Tpo: threshold temperature for physiogenesis.

ny, ny, n3: hours for first, second, and third term, respectively.
Tan: hourly temperature between egg hatch and May 3.

Ton: hourly temperature between egg hatch and June 18.

Ten: hourly temperature between egg hatch and August 14.

Tpo - 22Ten + (Tpo - 10) x 6 x 24 [Cool storage began on August 15.]
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Table 6. Effective temperatures for the morphogenesis (K degree hours) of Matsucoccus thunbergianaecalculated by substituting various
temperatures as zero temperature for development(Tmo) in two terms of the equation

Terms of the equation®

Tmo (C) | Left term - Right term | | Left term - Right term | /mean x 100 (%)
Left Right mean

0 16934 22984 19959 6050 30.3
5 13214 15722 14468 2508 17.3
8 10982 11758 11370 776 6.8

9 10238 10545 10392 307 3.0
10 9494 9385 9440 108 1.1

11 8750 8243 8497 507 6.0
12 8006 7181 7954 825 10.9
15 5774 4729 5252 1044 19.9

"Left term : 22 (Tmo-Ta).
Right term : 22(Tmo-To).
Tmo: threshold temperature for morphogenesis.

Ta: hourly temperature between the end of cool storage and the completion of morphogenesis.
Tb: hourly temperature between the diapause termination and the completion of morphogenesis in nature.
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