Pesticide Biochemistry and Physiology 98 (2010) 279-288

Pesticide Biochemistry and Physiology =

journal homepage: www.elsevier.com/locate/pest

Contents lists available at ScienceDirect '
PESTICIDE

Biachemistry & Physiology

A

Mating pair combinations of insecticide-treated male and female Nilaparvata lugens
Stal (Hemiptera: Delphacidae) planthoppers influence protein content in the
male accessory glands (MAGs) and vitellin content in both fat bodies and ovaries

of adult females

Lin-Quan Ge, Li-Ping Wang, Ke-Fei Zhao, Jin-Cai Wu *, Liu-Juan Huang

School of Plant Protection, Yangzhou University, Yangzhou 225009, China

ARTICLE INFO

ABSTRACT

Article history:

Received 30 January 2010
Accepted 28 June 2010
Available online 29 July 2010

Keywords:
Nilaparvata lugens
Insecticides
Mating factor
Transference
Vitellin

The brown planthopper, Nilaparvata lugens (Stdl) (Hemiptera: Delphacidae), is an insect pest in which off-
spring are produced by the mating of adult males with adult females. This species is a classic case in
which pest resurgence is induced by insecticides. In the past, studies of resurgence mechanisms have
focused on insecticide-induced stimulation of reproduction in adult females. To date, however, the role
that males play in the resurgence mechanisms of N. lugens has not been investigated. The aim of the pres-
ent study is to examine changes in protein levels in male accessory glands (MAGs) induced by the insec-
ticides triazophos and deltamethrin and to determine their relationship with vitellin content in the fat
bodies and ovaries of adult females in the context of mating pairs. Our results show that protein content
in MAGs is significantly affected by male mating status, insecticide type, and insecticide concentration.
Insecticide application induced increased protein levels in MAGs. A greater quantity of MAG products
was transferred to females via mating. Thus, protein levels in MAGs significantly decreased after mating.
Experimental matings indicate that vitellin content in both fat bodies and ovaries of adult females in mat-
ing pairs consisting of a treated male and an untreated female (3, x 9c) is significantly greater than that
of females in pairs consisting of an untreated male and an untreated female (3¢ x $ck). Under various
concentrations of the two insecticides, vitellin levels are highest in mating pairs consisting of a treated
male and a treated female (3¢ x %), followed by mating pairs consisting of an untreated male with a trea-
ted female (3ck x ). These findings demonstrate that (1) insecticides have an effect on males; (2) insec-
ticide effect can be transferred to females; and (3) the reproductive effect of insecticides is strongest in
mating pairs in which both the males and females are treated compared to pairs in which only one indi-
vidual is treated. These findings provide valuable information about the role of males in pesticide-
induced resurgence of N. lugens.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

adult females while ignoring insecticide-induced reproductive
effects in adult males. N. lugens reproduces sexually. Therefore,

The brown planthopper Nilaparvata lugens (Stal) (Hemiptera:
Delphacidae) is a classical insecticide-induced resurgent pest
[1,2]. Among insecticides, pyrethroids (deltamethrin) and organo-
phosphates (triazophos, methamidophos, parathion and diazinon)
are known to induce population resurgence of this species [3-6].
Physiological mechanisms for the pesticide-induced resurgence
of N. lugens involve stimulation of fecundity [4,6-8]. Thus, insecti-
cide-induced stimulation of fecundity is one of the main causes of
N. lugens resurgence. However, studies of insecticide-induced stim-
ulation of pest fecundity have concentrated on the reproduction of
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we hypothesize that insecticide-induced reproductive effects in
males can be transferred to females via mating and hence this pro-
cess influences female reproduction. This effect is not well
understood.

For insects with sexual mating, several studies have examined
the effect of male mating factors (accessory gland products, AGPs)
on adult female reproductive performance. Males transfer not only
sperm but also AGPs, which may be expensive to produce, and the
amount or quality of these substances may decrease with increas-
ing male mating frequency [9,10]. AGPs transferred during mating
are known to affect several behaviors in insects, among which re-
duced female receptivity and increased oviposition are the most
common [11,12]. In the variable field cricket Gryllus lineaticeps
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Stal, female life span is augmented by AGPs [13]. Male diet and
larval host influence the duration of copulation, but male diet does
not influence female fecundity. However, mating order and male
larval diet influence female fertilization success [14]. Many studies
of other insects have also demonstrated that male accessory gland
peptides regulate reproductive performance. For example, the
adult male accessory glands of Drosophila melanogaster Meigen
synthesize and secrete a peptide that represses female sexual
receptivity and stimulates oviposition [15]. Multiple mating in
the female moth Utetheisa ornatrix (L.) increases fecundity but does
not increase longevity or egg mass [16]. Lay et al. [17] have found a
greater role of male Locusta migratoria (L.) in reproduction, with
peptides from white secretions of the male accessory glands
(MAGs) found in developing eggs. In addition, the fecundity of
adult female Spodoptera litura F. increases when females mate with
male moths with high quality sperm [18]. More interestingly,
Pszczolkowski et al. [19] have found that in Heliothis virescens
(F.), juvenile hormone (JH) stored in the MAGs is transferred to fe-
males via mating and that this process promotes JH synthesis and
egg development in mated females. However, the effect of insecti-
cides on adult male reproduction and the transference of this effect
to the reproductive performance of adult females via mating have
not been studied to date.

The present study is designed to examine the effects of suble-
thal doses of two common insecticides, deltamethrin and triazo-
phos, that stimulate the fecundity of N. lugens on protein content
in MAGs and on vitellogenin in fat bodies and vitellin in ovaries
of adult female N. lugens. We utilize controlled matings between
insecticide-treated males and females and control males and con-
trol females. Our aim is to understand the effect of insecticide-trea-
ted males on the reproductive performance of females via the
mating process.

55 1

v Before mating
5 50 4 A After mating 1 DAE
< — — —  Before mating
i 45 - ——  After mating b -~
Eb 40 | bc /{/
2 y= 17.246.1x i// a
Z 3% R®=0.99
5
= 304
5 d
£ 257 p Y= 19.0+3.0x
‘é 20 1 R"=0.92
[y c
15 T T T T )
0 1 3 6 12

Deltamethrin concentration (ppm)

2. Materials and methods
2.1. Rice variety

Rice (Oryza sativa L.) variety Huai Dao 13 (japonica rice) was
used in trials. This variety of rice was selected because it is com-
monly planted in Jiangsu Province, China. Seeds were sown out-
doors in a standard rice-growing soil in cement tanks (height
60 cm, width 100 cm and length 200 cm). When seedlings reached
the six-leaf stage, they were transplanted into 16-cm diameter
plastic pots with four hills per pot and three plants per hill. Rice
plants used in experiments had reached the tillering stage.

2.2. Insects

A laboratory colony of N. lugens that was originally obtained
from the China National Rice Research Institute (CNRRI; Hangzhou,
China) was reared in a greenhouse at an ecological laboratory at
Yangzhou University.

2.3. Insecticides

Two insecticides were used in trials: the pyrethroid 2.5% delta-
methrin EC (Yangnon Chemical Co. Ltd., Yangzhou, Jiangsu, China)
and the organophosphate 20% triazophos EC (Changqin Pesticide
Co. Ltd., Jiangdu, Jiangsu, China).

2.4. Experiments

Four concentrations of each insecticide (1, 3, 6 and 12 ppm of
deltamethrin and 10, 20, 40 and 80 ppm of triazophos) were se-
lected based on previous results from a sublethal test [6,20]. Eighty
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Fig. 1. Relationships between protein content in male accessory glands (MAGs) and deltamethrin concentrations. Means * SE followed by different letters in the same line are
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significantly different at the 5% level. DAE is days after adult emergence.
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Fig. 2. Relationships between protein content in male accessory glands (MAGs) and triazophos concentrations. Means + SE followed by different letters in the same line are

significantly different at the 5% level. DAE is days after adult emergence.

third-instar nymphs were released per hill. Rice plants at the tiller-
ing stage were sprayed 24 h after insects were released using a
Jacto sprayer (Maquinas Agricolas Jacto S.A., Brazil) equipped with
a cone nozzle (1-mm diameter orifice, pressure 45 psi, flow rate
300 ml/min). Control plants at the same stage were sprayed with
a mixture of emulsifiers and tap water similar to the composition
of the insecticides but lacking their active components. Each treat-
ment was replicated three times. The treated and control plants
were covered with cages (screen size: 80-mesh). When the
nymphs reached fifth (final) instar, nymphs on treated and control
plants were collected and a single nymph from each plant was
placed inside a glass jar (diameter 10 cm, height 12 cm) with un-
treated rice plants (26 + 2 °C and 16L:8D).
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Males and females were separated 1, 2, and 3 days after adult
emergence, with 20 males and 20 females per replicate used
separately to measure protein content in the male accessory
glands (MAGs) and vitellin content in the fat bodies and ovaries
of adult females. To examine the effect of mating pairs consist-
ing of treated or untreated males and females on vitellin content
in the fat bodies and ovaries of females, four mating combina-
tions were designed: (1) treated males (J¢) x treated females
(90), (2) 3¢ x untreated females (P«), (3) untreated males
(3ek) X @, and (4) Sk X Pek- For each of these combinations, we
made three replicates of 20 males and 20 females each. Vitellin
content in the fat bodies and ovaries of females was determined
prior to and after mating (mated female is close to the male on
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Fig. 3. Relationships between percent decrease of protein content in male accessory glands (MAGs) after mating and insecticide concentration.
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Table 1

Analysis of variance for MAG protein content data shown in Figs. 1 and 2.
Source of variance Df 1 DAE F-value P-value 2 DAE F-value P-value 3 DAE F-value P-value
Insecticide (A) 1 59.7 0.0001 3.6 0.0001 12.2 0.0012
Concentration (B) 4 170.1 0.0001 63.1 0.0001 57.8 0.0001
Mating status (C) 1 3514 0.0001 1394.9 0.0001 1543.1 0.0001
AxB 4 24.5 0.0001 328 0.0001 19.9 0.0001
AxC 1 235 0.0001 16.1 0.0001 6.1 0.0178
BxC 4 31.6 0.0001 80.4 0.0001 103.2 0.0001
AxBxC 4 2.7 0.0434 13 0.3038 34 0.0172

Df is degrees of freedom.

plants, while unmated female is far from the male according to

our observation).

2.5. Extraction of protein from MAGs

Protein from MAGs was extracted using the methods of Chen
et al. [15] and Smid et al. [21]. Individual adult males of N. lugens
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were dissected under a zoom-stereomicroscope (model XTL20, Bei-
jing Tech Instrument Co., Ltd., Beijing, China) in a cooled petri dish.
MAGs were removed and placed in separate, pre-weighed, ice-cold
eppendorf tubes. To each tube, 600 pl of mixed solution (metha-
nol/distilled water/acetic acid/methyl thioethanol; 80:18:2:0.1;
vol:vol:vol:vol) was added. The contents were then homogenized
on ice and centrifuged at 12,000 rpm at 4 °C for 10 min. The super-
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Fig. 4. Relationships between vitellin content in fat bodies (left) and ovaries (right) of N. lugens adult females before and after mating and deltamethrin concentration. DAE is

days after adult emergence.
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natant was collected after removing the upper fat layer. Four
hundred microliters of mixed solution was added to the sediment
in the tube, which was then centrifuged again and the supernatant
collected.

2.6. Extraction of vitellin from fat bodies and ovaries of adult females

Vitellin was extracted from fat bodies and ovaries using a meth-
od similar to that of Gong et al. [22]. Individual adult males and fe-
males of N. lugens were dissected under a zoom-stereomicroscope
(model XTL20, Beijing Tech Instrument Co., Ltd., Beijing, China) in a
cooled petri dish. Ovaries and fat bodies of females were removed
and placed in separate, pre-weighed, ice-cold centrifuge tubes and
then re-weighed using a Mettler-Toledo electronic balance (EC100
model; 1/10,000 g sensitivity). A proportional amount of NaCl
solution (0.4 M NaCl:1 M PMSF; vol:vol at a ratio of 20 ml NaCl
solution to 1 g ovary or fat body) was added to the tube, homoge-
nized on ice, and centrifuged at 12,000 rpm at 4 °C for 20 min. The
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supernatant was collected after filtering the upper fat layer with
glass fibers, placed at 4°C overnight after adding ddH,O (1
supernatant:10 ddH,0; vol:vol), and centrifuged again at
5000 rpm at 4 °C for 20 min. The vitellin sediment was dissolved
with 1.5 ml pre-cooled 0.4 M NaCl solution after removing the
supernatant.

2.7. Measurement of protein content

We followed the procedure described in Li and Yu [23] to mea-
sure protein content using Coomassie Brilliant Blue R 250 (Shang-
hai Chemical Agent Co., Ltd., Shanghai, China). A standard curve
was established based on a standard protein (bovine serum albu-
min, Shanghai Biochemistry Research Institute, Shanghai, China).
The absorbance at 595 nm was determined in a UV755 B spectrom-
eter (Shanghai Precision Instrument Co., Ltd., Shanghai, China). The
protein content in the sample solution was calculated according to
the standard curve.
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Fig. 5. Relationships between vitellin content in fat bodies (left) and ovaries (right) of N. lugens adult females before and after mating and triazophos concentration. DAE is

days after adult emergence.
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2.8. Statistical analysis

Data were evaluated for normality and homogeneity of variance
using Bartlett test [24]. Based on these evaluations, no transforma-
tions were needed. The protein content of male accessory glands
and vitellin content of fat bodies and ovaries of adult females were
analyzed using Analysis of Variance (ANOVA) of three factors
(insecticide type, insecticide concentration and mating status or
mating pair combinations). Multiple comparisons of means were
conducted using Fisher’s Protected Least Significant Difference
(PLSD) test. Regression analyses were conducted to determine
the relationship between insecticide concentration and protein
content in MAGs and vitellin content in fat bodies and ovaries of
adult females. All analyses were conducted using the GLM proce-
dure (SPSS Inc., 2002) [25].

3. Results

3.1. Relationship between insecticide concentration and protein
content in MAGs before and after mating

For both insecticides, protein content in MAGs prior to mating
increased with insecticide concentration from the first day after
adult emergence (1 DAE) to 3 DAE (Figs. 1 and 2). The relationship
between protein content and insecticide concentration fits a linear
regression equation with a significant correlation coefficient both
before and after mating. However, protein content showed a cer-
tain decline at the highest concentration of triazophos. Therefore,
there was a parabolic relationship between protein content and
triazophos concentration. Protein content in MAGs significantly
decreased after mating compared to before mating (by 25.2%,
34.7% and 36.1% for grand means of protein levels after mating at
one, two and three DAE, respectively). This reduction increased
with insecticide concentration (Figs. 1-3), as shown by significant
linear regressions (Fig. 3), especially at one and two DAE. This indi-
cates that more MAG products were transferred to adult females
via mating with increasing insecticide concentration.

ANOVA of the data shown in Figs. 1 and 2 showed that insecti-
cide type, insecticide concentration and mating status significantly
influenced protein content in MAGs (Table 1). Grand means of pro-
tein content in MAGs for triazophos were significantly different

from those for deltamethrin, increasing by 23.9%, 14.2% and
10.3% at one, two and three DAE, respectively. Multiple compari-
sons of means indicated that protein content in MAGs prior to mat-
ing was significantly greater for all concentrations of both
insecticides than for untreated controls. Protein content in MAGs
after mating at one DAE was significantly greater than in untreated
controls, but protein content at two and three DAE varied with
insecticide type, insecticide concentration and DAE.

3.2. Changes in vitellin content in both fat bodies and ovaries of adult
female N. lugens before and after mating

Vitellin content in both fat bodies and ovaries of adult females
increased with insecticide concentration whether it was measured
before or after mating, with a significant linear regression between
protein content and insecticide concentration (Figs. 4 and 5). Fat
content in both fat bodies and ovaries was significantly greater
after mating than before mating, indicating that mating and insec-
ticide treatments promoted the synthesis of vitellin in fat bodies
and the transfer of vitellin to ovaries.

ANOVA of the data shown in Figs. 4 and 5 showed that all main
effects (insecticide type, insecticide concentration and mating sta-
tus) and most second-order interactions significantly influenced
vitellin content in both fat bodies and ovaries, except for vitellin
in fat bodies at two DAE (Table 2). For vitellin content in both fat
bodies and ovaries, grand means for triazophos treatment were
significantly greater than those for deltamethrin treatment, except
for vitellin in fat bodies at two DAE. All grand means for insecticide
treatments were significantly greater than those for untreated con-
trols; those after mating were significantly greater than those prior
to mating.

3.3. Comparisons of vitellin content in fat bodies and ovaries of adult
female N. lugens in different mating pairs

Insecticide type, insecticide concentration and mating pair com-
binations significantly influenced vitellin content in both fat bodies
and ovaries of N. lugens (Figs. 6 and 7, Table 3). Grand means of
main effects in ANOVA showed that vitellin content in both fat
bodies and ovaries was significantly greater for triazophos treat-
ment than for deltamethrin treatment. Grand means for high

Table 2
Analysis of variance of vitellin content data shown in Figs. 4 and 5.

DAE Source of variance Df Fat body F-value P-value Ovary F-value P-value

1 Insecticide (A) 1 147.2 0.0001 51.2 0.0001
Concentration (B) 4 387.3 0.0001 4249 0.0001
Mating pairs (C) 1 81.6 0.0001 207.2 0.0001
AxB 4 26.6 0.0001 7.0 0.0002
AxC 1 16.5 0.0002 0.9 0.3407
BxC 4 5.9 0.0008 12.0 0.0001
AxBxC 4 2.1 0.0953 1.4 0.2474

2 A 1 1.0 0328 67.6 0.0003
B 4 721.3 0.0001 895.9 0.0001
C 1 3289 0.0001 3304 0.0001
AxB 4 3.0 0.0272 17.8 0.0001
AxC 1 0.4 0.5501 8.9 0.0049
BxC 4 109 0.0001 13.1 0.0001
AxBxC 4 0.07 0.9891 0.9 0.4454

3 A 1 171.9 0.0001 68.1 0.0001
B 4 729.8 0.0001 7294 0.0001
C 1 154.8 0.0001 361.9 0.0001
AxB 4 14.2 0.0001 10.5 0.0001
AxC 1 16.9 0.0002 0.9 0.3601
BxC 4 4.9 0.0025 184 0.02
AxBxC 4 1.4 0.2608 1.2 0.3321

Df is degrees of freedom.
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Fig. 6. Comparisons of vitellin content (mg/g) in fat bodies (left) and ovaries (right) of N. lugens adult females in mating pairs consisting of deltamethrin-treated or untreated
males and deltamethrin-treated or untreated females. DAE is days after adult emergence. Bars with different letters within graphs are significantly different at the 5% level.

insecticide concentrations were significantly greater than for low
concentrations. The lowest mean vitellin content in fat bodies
and ovaries was found in mating pairs consisting of untreated
males and females, while the greatest mean vitellin content was
found in control females mated to treated males. For the four mat-
ing pair combinations in multiple comparisons, vitellin content in
fat bodies and ovaries of adult females was significantly greater
for all mating pairs involving at least one treated individual
(3¢ X o St X Pk and S x @) than for mating pairs involving un-
treated males and females (3 x Pck). In the three combinations
involving treated males and/or females, vitellin content in fat
bodies and ovaries varied with pair combination, insecticide type
and insecticide concentration. The vitellin levels of most combina-
tions involving treated females were significantly higher than
those of mating pairs in which only the males were treated. No sig-
nificant differences in vitellin content were found among most
mating pairs involving treated males compared to pairs in which

only the females were treated. Vitellin content for the three treated
pair combinations (3¢ x @, J¢x Pk and Jek x %) showed an
increasing trend with concentration of both insecticides. For most
pairs, the mating of treated males with untreated females (3 x %)
resulted in the greatest vitellin content in fat bodies and ovaries,
followed by the mating of untreated males with treated females
(3ek x 9¢) and the mating of treated males with untreated females
(3¢ x Qek).  Also, vitellin levels increased with insecticide
concentration.

4. Discussion

Our previous experiments show that fecundity is elevated in N.
lugens females developed from nymphs fed on rice plants treated
with triazophos and deltamethrin [6]. However, insecticide-in-
duced reproductive effects in adult males have received little
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attention. The present study indicates that protein content is sig-
nificantly increased in MAGs of N. lugens males developed from
nymphs fed on insecticide-treated rice plants and that the insecti-
cide-induced reproductive effect on males is transferred to adult
females via mating. This demonstrates that insecticide-induced
stimulation of fecundity in N. lugens is associated not only with fe-
males, but also with males. We consider the present findings to
indicate insecticide-induced sexual reproduction advantages.
However, numerous studies have shown that sublethal doses of
insecticides are disadvantageous to the reproductive performance
of insects. Other reports also demonstrate that sublethal doses of
insecticides have deleterious effects on insect sex pheromone com-
munications [26-30]. Sublethal doses of some insecticides result in
declines in female fecundity. For example, the fecundity of female
cockroaches treated with deltamethrin and propoxur decreases
with increasing sublethal doses of both insecticides [31]. This indi-
cates that the effects of sublethal doses of insecticides on repro-

ductive performance vary with insect species and insecticide
type. However, stimulation of insect fecundity induced by suble-
thal doses of insecticides is a common phenomenon, particularly
in Homopteran insects and mites.

The mating pair experiments reported here demonstrate that
vitellin content in fat bodies and ovaries of females is greater in
mating pairs consisting of insecticide-treated males and females
than in mating pairs including only one treated individual, indicat-
ing that insecticide treatment of both males and females has a
strong interaction effect on the stimulation of female reproduction.
The causes and consequences of the effect may be attributed to the
transfer of a greater quantity of MAG products by treated males
into females via mating compared to untreated males. In insects,
MAG secretions are known to improve a male’s chances of siring
offspring by a variety of mechanisms, such as sperm mobility,
sperm storage, stimulation of ovulation/oviposition, and egg pro-
tection [12]. For example, Garcia-Gonzalez and Simmons [32] have
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Table 3
Analysis of variance of vitellin content data shown in Figs. 6 and 7.

DAE Source of variance Df Fat body F-value P-value Ovary F-value P-value

1 Insecticide (A) 1 105.1 0.0001 38.2 0.0001
Concentration (B) 3 560.2 0.0001 714.4 0.0001
Mating pairs (C) 3 113.8 0.0001 169.3 0.0001
AxB 3 30.5 0.0001 11.2 0.0007
AxC 3 9.6 0.0001 2.5 0.0713
BxC 9 15.9 0.0001 229 0.0001
AxBxC 9 3.2 0.0031 1.8 0.103

2 A 1 16.9 0.0001 15.2 0.0002
B 3 857.4 0.0001 848.8 0.0001
C 3 3129 0.0001 326.6 0.0001
AxB 3 11.2 0.0001 4.0 0.0008
AxC 3 0.4 0.7654 6.4 0.0111
BxC 9 50.3 0.0001 46.6 0.0001
AxBxC 9 3.1 0.0037 1.4 0.208

3 A 1 113.1 0.0001 20.2 0.0001
B 3 1276.9 0.0001 1092.1 0.0001
C 3 348.3 0.0001 276.0 0.0001
AxB 3 69.0 0.005 24.7 0.0001
AxC 3 4.8 0.0043 2.7 0.0501
BxC 9 49.1 0.0001 393 0.0001
AxBxC 9 1.5 0.1848 2.8 0.0072

Df is degrees of freedom.

demonstrated that sperm viability is positively correlated with
proportion of offspring sired for the cricket Teleogryllus oceanicus
(Leguillou). Identification of the types of protein that are elevated
after exposure to insecticides could also assist in determining the
physiological processes involved. Gillott [12] has placed accessory
gland secretions into three groups: small peptides (e.g., sex pep-
tides in D. melanogaster), molecules of 200-400 amino acids that
are commonly glycosylated, and large proteins (e.g., structural pro-
teins such as the sperm-storage protein Acp36DE of D. melanogas-
ter [33]). MAG proteins have not yet been characterized in N.
lugens.

Numerous studies have shown that male mating in sexually
reproducing insects influences the reproductive behavior and pro-
cesses of females [15-17,34-37]. For example, MAG proteins may
increase oviposition rate, reduce sexual receptivity and decrease
female life span in crickets [37]. Multiple mating in female U. orn-
atrix increases fecundity, but not longevity or egg mass [16]. How-
ever, the fecundity of a Sphenarium purpurascens female mated
repeatedly with the same male is not affected by the number of
matings [35]. Male and female condition influences mating perfor-
mance, sexual receptivity and reproduction of females [14,41].
Male accessory gland proteins (Acps) mediate a variety of effects
that benefit males, such effects include stimulation of female egg
protection and reduction of receptivity after mating in D. melano-
gaster [42-44]. In the present study, increased protein content in
MAGs was induced by insecticides. The mechanism of insecti-
cide-induced increase in MAG protein content in N. lugens may
be associated with the accumulation of more energy in insects
developed from nymphs fed on rice plants treated with triazophos
and deltamethrin [6]. A previous study by Yin et al. [6] has shown
both an increase in the soluble sugar and crude fat content in
adults and the number of eggs laid by adults after exposure of
third-instar nymphs to rice plants treated with either deltameth-
rin, triazophos, or imidacloprid. The present study and that of Yin
et al. [6] both support the hypothesis that sublethal rates of insec-
ticide-treated plants can be beneficial to N. lugens through the
accumulation of biochemical substances in the insect body.

Thus, mating pairs involving treated males and females resulted
in the promotion of reproduction in the female. The amount of sap
sucking by N. lugens is significantly greater on rice plants treated
with pesticides than on control plants [38], indicating that treated

plants are beneficial to N. lugens feeding. The quantity and quality
of food ingested by a male affect the quality and quantity of its
ejaculate [39]. Host quality has been shown to affect sperm num-
bers in Indian meal moths Plodia interpunctella Hiibner [40]. Male
diet and larval host influence other aspects of insect reproductive
performance [14,41].

To further substantiate the role of N. lugens males in pesticide-
induced resurgence, it must be demonstrated that when males
with greater MAG protein content mate, not only are fat body
and ovary protein levels increased, but also a greater number of
eggs are laid. In addition to MAG proteins, other compounds are
influenced by pesticide exposure. Effects of insecticide-treated
male on fecundity and vitellin gene expression will be reported
in successive findings. The economic impact of this significant pest
of rice will necessitate further studies to elucidate the roles of both
males and females in the population dynamics of pesticide-in-
duced resurgence.
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