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Effect of larval density on the reproduction of the potato tuber moth,
Phthorimaea operculella (Zeller)
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Abstract [Objectives] To investigate the effect of larval density on the reproduction of Phthorimaea operculella (Zeller),
[Methods] Larvae were reared at high density (45 larvae/130 g potato) or normal larval density (15 larvae / 130 g potato)
and then paired at sex ratios of 1 5 and 1 1. Reproductive parameters of the resultant offspring, including egg number,
proportion of abnormal eggs, egg hatch rate, pupation rate, emergence rate, and sex ratio, were measured. [Results] The
pupation rate, emergence rate, survival rate, and sex ratio of the offspring of the high density group were significantly lower
than those of the offspring of the normal density group, but their larval and pupal periods were also significantly shorter. When
females and males were paired at a ratio of 1 5, the hatching rate of eggs decreased significantly if the males were from the
high density group; whereas if females were from the high density group, the proportion of abnormal eggs was significantly
higher. However, if females were from the normal density group, the proportion of abnormal eggs was significantly lower at a
sex ratio of 1 1 (5 females to 5 males), and the egg number, hatch rate, larval duration and pupation rate were significantly
higher. The viability of eggs laid by females of the high density group was affected by male origin. When males were from the
high density group, the proportion of abnormal eggs decreased, and the hatch rate increased. [Conclusion] Rearing larvae at
high density reduced the subsequent fertility rate of both female and male adults. However, mating with male from the high

density group improved the reproductive capacity of females from that group, which could affect both the sex ratio and
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population dynamics.

Key words potato tuber moth, larval density, number of eggs laid, reproduction

Phthorimaea operculella
Zeller Solanum  tuberosum
Nicotiana tabacum
Sharaby et al. 2009 Ma and Xiao 2013

Rondon 2010 2013

Coll et al. 2000

Mythimna seperata 1 *jﬂﬁﬁ;ﬁ
Soodoptera exigua ‘Yponomeuta 11 dhESREEE
evonymellus Gunn
and Gatehouse 1987 1995 Javois
etal. 2005 2008 2010
/4
N H 30
/130 g
15 /130 g
45 /130 g
1989 Hoffmann etal. 2011
2010
30 /130 g 10 % 2542
L D=14 10 50%~70%
9 / 6\ = s VA
12 #HHhFENDRERIHEENR N
30 /130 g 121 HHEZEENDRERZWEREKLE
MEFERF
395~405
5~6d 9:30
1/10 000

4



-223 -

122 HHEENDRERZMMERTIEE

208 B9 E

1.2.1

13 ¥Egnt

1
1 t- Duncan’s SPSS
4 Statistics 21.0 P<0.05
NOhd 5 x 1 % = / x 100
Nend 5 x % = - /
I “n <100
“hss l % = _ —
11:00 / X100
% = / X 100
5~6d % = / x 100
% = / x 100
> 2 GERS5H
5 /130g
2 21 #HHRBEMNFREKLABMNEENZI
2
1
hONG 1 x5
neNg 1 ) 11484021 d 12.72 +
> hHS 1 042 d 1
x5
123 HYHEZEENDHERZIH FRAZI
1
1
. 121+ 0.05 0.97 + 0.02
4 11:00
HONG 5 x5
NOHZ 5 x5 1
NENS 5 ~ 204 01 d
o HYHS 5 192+0.1 d t=13.60,df=3,P=
XS 0.00043
2 2
HONZ NQHS  NONG
HOM3 4 5 J30g 22 WERBEREAMLEHEHEENNEM
221 #HHEZREMEREERE NN NOnd
4 5-6d Ngnd P>

38~40



- 224 - Chinese Journal of Applied Entomology 54

x1 BHHHEERAFNIRSREHEATENFSH

Tablel Thebiological parameters of life stage of potato tuber moth rearing at two different larval densities

Larva Pupa Adult
Larval density d % d % mg mg e/a
Larval duration Pupation rate ~ Pupal duration Emergence rate Weight of male Weight of female Sex ratio
N 12.72 £ 0.42*  94.30 £ 0.99* 7.72 £0.31 92.34+£1.59 497+0.12 8.39+0.17 1.21 £0.05**
H 11.48 £0.21 89.61 = 1.46 7.69 +0.14 91.61+1.21 4.85+0.17 8.00 +0.20 0.97 £ 0.02
t t=2.388, t=12.659, t=10.059, t=10.568, t=1.055, t=1.955, t=4.97,
df =6, df =6, df =6, df =6, df =6, df =6, df =6,
trtest P=10.038 P=0.059 P=0.478 P=10.305 P=0.184 P=10.073 P=10.008
Mean+SE  ** * t- 1% 5% N
H

Data are mean = SE. The symbols ** and * in the table indicate significantly different at P < 0.01 or P < 0.05 by using
One-tailed t-test, respectively. N means normal density (15 larvae/130 g of potato) and H means high density (45 larvae/130 g
of potato).
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Fig.1 Pupa emergence time of potato tuber moth from two different larval rearing densities
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N means normal density (15 larvae/130 g of potato) and H means high density
(45 larvae/130 g of potato). The same below.
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Fig. 2 Theemergencetime of potato tuber moth from two different larval rearing densities

0.05 2 N¢nd + SE 2.81% P<0.05 NQhd  73.74%+
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Table 2
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Thefertility of female potato tuber moth at two different larval rearing densities

Two density

Number of eggs

% %

% %

combination laid per female Abnormality rate Hatch rate Fertility rate Mating rate
NPnd 156.8 + 10.5 5.16 +0.61 85.40 + 1.60 89.66 +2.81 100.0 £ 0.0
N?hJ 127.7+9.4 6.03 £0.69 72.47 £ 0.60%*  79.77 £ 1.78** 95.0+5.0
t t=-9.700, t=-0.94, t=6.342, t=6.187, t=-1.000,
t-test df = o, df =6, df = o, df = o, daf=6

P =0.001 P=0.384 P=0.001 P=0.001 P=0.196
Mean + SE  ** * t- 1% 5% NPnd
5 x1 NQhJ 5 x1

Data are mean + SE. The symbols ** and * in the table indicate significantly different at P < 0.01 or P < 0.05 by using
One-tailed t-test, respectively. N and n mean 5 and 1 individuals from normal density, respectively. H and h mean 5 and 1
individuals from high density, respectively. For example, N?hd means 5 females from normal density mating with 1 male

from high density.
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Table3 Thefertility of female potato tuber moth at two different larval rearing densities

%

. % %
Two c.iens.lty Ngmber of eggs Abnormality rate Hatch rate Fertility rate
combination laid per female

neNJg 221.3+11.5a 7.42 £ 0.49b 90.79 £ 0.51a 98.21 £0.29a

hQNg 180.3 + 8.0b 11.32+0.77a 86.06 = 0.68b 97.38 +£0.30b

hQHJ 202.5 £ 10.2ab 9.21 +£0.47b 89.44 + 0.54a 98.65 + 0.08a
F=2.354, F=5.995, F=11.945, F=4.193,

, df=11, df=11, df=11, df=11,
Duncan’s test P=0.151 P=0.022 P=0.003 P=0.044
Mean + SE Duncan’s P>0.05
neNJ 1 x5 heNJ x5 heHJ
1 x5

Data are mean + SE, and followed by the same letters indicate no significant difference at 0.05 level by Duncan’s multiple
range test. N and n mean 5 and 1 individuals from normal density, respectively. H and h mean 5 and 1 individuals from high
density, respectively. For example, h9NJ means 1 female from high density mating with 5 males from normal density.
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Table4 Theegg biological parameters of potato tuber moth at two larval densities

Two density

Number of eggs laid

%

Abnormality rate

%
Hatch rate

%
Fertility rate

%
Mating rate

combination per female
NONJ 230.1+8.9a 534+ 0.41b 90.37 + 0.48a 95.72 + 0.38a 92.5+2.50a
NQHJ 221.9+7.8a 729+ 1.13b 84.33 + 1.08b 91.62 + 0.74b 87.5 + 2.50a
HONG 171.2+22.1b 11.58 = 0.53a 77.85 + 1.09¢ 89.42 + 1.26b 90.0 = 4.08a
HOHA 158.4 + 12.0b 10.10 + 0.23a 79.87 = 1.13¢ 89.97 + 0.94b 85.00 + 6.45a
F=6.674, F=17.614, F = 31.906, F =10.230, F=0.98,
df = 15, df = 15, df = 15, df=15 df =15
Duncan’s test P =0.007 P = 0.000 P =0.000 P =0.001 P 0427
Mean + SE Duncan’s P>0.05
HENG 5 x5 NQHJ 5 x5 NONJ
5 x5 HOHA 5 x5 5

Data are mean + SE, and followed by the same letters indicate no significant difference at 0.05 level by Duncan’s multiple
range test. N means 5 individuals from normal density. H means 5 individuals from high density. For example, H? N3 means
5 high density female mating with 5 normal density male. The same as Table 5.

H? HS 1.08% NQHJ P <0.05 HYNSG
NS HOHJ 77.85% £1.09% HPHS 79.87% £ 1.13%
3 h@NJ +£SE N2NJ 93.47% +
hQHJZ 1.43% HYNZ HQHJ P <0.05
5
5 /8 +£SE
NQ NJ& 1.23 +£0.04 N?
HJ 0.87+0.02 HQ N& 1.18 £0.12
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Table5 Thebiological parameters of potato tuber moth offspring at two of larval density
Eggs Larva Pupa Adult
o d o d % mg mg
: % %
Two denslty Hatch rat Larval . Pupal  Emergence  Weight of  Weight of /3
combination Hatch rate duration rupationrate g .00 rate male female Sex ratio
NENJZ 90.37+0.48a 8.19+0.04b 93.47+1.43a 7.54+0.06a 91.75£1.28a 5.04+0.11a 8.21+£0.17a  1.23+0.04a
NPHJZ 84.33+1.08b 8.33+0.02ab 90.37+2.47ab 7.56+0.08a 90.80+2.43a 4.93+0.06a 8.19+0.16a 0.87+0.02b
HYNS 77.85£1.09c 8.51+0.12a 82.64+2.86c 7.73+0.07a 87.64+£2.36a 5.17£0.08a 8.50+£0.09a 1.18+0.12a
HPHAZ 79.87£1.13¢  8.49+0.08a 85.58+2.43bc 7.58+0.08a 90.08+2.07a 4.96+0.07a 8.32+0.09a 1.08+0.05ab
F=31.906, F=4.063, F=4213, F=1.390, F=0.707, F=1.606, F=1.142, F=5.094,
Duncan’s df=15, df=15, df=15, df=15, df=15, df=15, df=15, df=15,
test P=0.000 P=0.033  P=0.014 P=0.293  p=0.556  P=0.240 P=0.372 P=0.017
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