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The egg hatchability of Spodoptera mauritia was studied by exposing 

freshly laid (0–24 h), following with (24-48h) and to (48–72 h) eggs 

to different concentrations (5×10
-5

 – 1.0 µM/µl) of juvenile hormone 

analogue (JHA), fenoxycarb. Dosage dependent response was 

observed after the treatment. The response was dependent on the age 

of eggs and also found higher doses resulted in maximum reduction 

in hatching. Treatments of eggs caused significant differences in egg 

mortality between control and treatments, with LD50= 0.002 µM, 

LD90= 0.048 µM and LD50= 0.002 µM, LD90= 0.071 µM for (0-24 h) 

and (24-48h) respectively. In the case of delayed treatment (48h-72h) 

eggs hatched as that of control. The result found that freshly laid eggs 

were more sensitive than those treated 2 or 3 days old eggs. Fenoxycarb 

applied eggs has delayed effects on postembryonic development. Here, 

we observed that the resulting larvae in earlier stages showed some 

effects such as increased larval duration, formation of intermediates 

and subsequent death. Therefore, JHA Fenoxycarb has great potency 

in suppressing the population by affecting hatchability of eggs of S 

mauritia, and thus provides a useful tool for pest management. 

 
                 Copy Right, IJAR, 2019,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
In insects, the process of growth and development is directly or indirectly regulated by the three, major circulating 

hormones Prothoracicotropic hormone (PTTH), Ecdysone and Juvenile hormone (JH). Hormone analogues and 

mimics can artificially regulate insect development, and the discovery of these mimics have immensely helped in 

pest management by protecting plants from insect pests, limiting resistance to pest control agents and protecting 

beneficial organisms. What makes IGRs different from the common insecticides is the fact that they disrupt the 

normal activity of endocrine system thereby influencing the development, metamorphosis and reproduction of target 

insects. IGRs have their unique mode of action, as a result they have also been considered less harmful to beneficial 

insects as when compared with conventional neurotoxicants [1,2] 

 

Since early 1970s, many JH analogues (juvenoids) have been tested for insecticidal activity [3] and most of these 

early analogues had a basic terpenoid structure that resembled JHs. Recently, highly active compounds like 

Fenoxycarb, Pyriproxyfen and Diofenolan have less similarity to JH (aromatic non- terpenoidal JH analogs) have 

been synthesized [4,5]. Other than morphogenetic activities, Juvenile hormone and analogues were also found to 
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render the treated insects sterile or less fecund. Treated eggs failed to hatch directly [6,7] or indirectly [8], due to the 

inhibition of embryonic development, or when hatched, the progeny suffered latent effects. 

 

The insect growth regulator, fenoxycarb (ethyl [2- (4-phenox)'phenoxy) ethyl] carbamate) – is a broad spectrum 

juvenile hormone analogue (JHA) which is  effective against many insect pests like scales, fleas, mosquitoes, 

houseflies, stored product insects, psyllids and many Lepidopteran species [9,10,11,12].  Further, it is noted that in 

these insect species the fenoxycarb treatments were found to disrupt embryonic development and reduced egg 

hatchability.  Recently, a study reporting the sublethal effects of fenoxycarb on Plutella xylostella, found that there 

is a significant prolongation on the developmental time of eggs, larvae, and pupae in the offspring generation [13]. 

Eventually, this might lead to increase exposure risk to natural enemies [14]. The studies on the exact mode of 

action of fenoxycarb on S. mauritia eggs are still unknown. So, the present study was undertaken for the better 

understanding of the mode of action of fenoxycarb on the embryogenesis of S. mauritia eggs. 

 

Materials and Methods:- 
Insect Culture: - Insects needed for the study were obtained from a laboratory culture of Spodoptera mauritia 

maintained at room temperature RH 90±3% and 10:14 light: dark photo period. The culture was initiated by 

collecting 5
th

 and 6
th
 - instar larvae and pupae from paddy fields at the time of outbreak. Upon emergence, healthy 

adult males and females were collected for the study; mating pairs were kept in separate glass beakers with a cloth 

top and fed with diluted honey. Egg batches were collected every 24hrs.  

 

Egg Toxicity Bioassay:-  

In the case of egg toxicity bioassay, eggs of known ages were treated with different concentrations of fenoxycarb. 

The selected egg batches were dipped in a series of varying concentrations of Fenoxycarb solutions dissolved in 

acetone, for 5 sec at different intervals after oviposition, i.e. 1, 2 and 3 days. Acetone treated set were taken as 

vehicle control and untreated set were taken as control. The treated eggs were air dried in Petri dishes for 5 mts. 

Then, the eggs were transferred to rearing beakers and their hatching rate was recorded daily. The eggs normally 

hatched in about 3-4 days after oviposition and unhatched ones were counted as dead. Hatched larvae from each 

treatment were reared in glass beakers and fed with tender leaves of Ischaemum aristatum. Hatchability rate, 

survival rate, mortality during larval stage, percentage of pupation and adult emergence were recorded. 

 

Statistical analysis:-  

Statistical analysis was performed with the help of MS-excel and IBM SPSS (20.0 versions). The data were 

expressed as Mean ± SE and the statistical significance of differences between individuals was determined using one 

way ANOVA test. The level of significance of each experiment was stated to be significant at (P< 0.05). The 

significance of difference in different doses was tested using Duncan’s Multiple Range Test (DMRT) using Post 

Hoc Multiple Comparison Test.  Differences were indicated by using the alphabets a, b, c, d, etc. 

 

The Mortality data was corrected by using Schneider-Orelli's Formula and further to obtain the lethal dose (LC50 & 

LC90), the corrected data were analysed by probit analysis [15] 

 

Schneider-Orelli's Formula:- 

 

 x 100 

 

 

Results:- 
The effect of topical applications of the JH analogue, Fenoxycarb on the eggs of S. mauritia were determined. It is 

clear from the results summarized in Table 1, that the eggs at an early stage of embryogenesis (0–24 h old) were 

more sensitive to the compound than older eggs (48–72 h old) that determined the egg hatchability rate (Table 1). 

None of the eggs treated with 1μM and 0.5 μM hatched in 24hr aged eggs; effects were noticeable even at 0.1 μM 

which caused about 92 % reduction in egg hatchability. When treatment was postponed to the second day, 

sensitivity was decreased and on the third day, eggs hatched similar to that of control groups. The observed data 

showed an ovicidal activity of the compound, and demonstrated a progressive decline in egg hatchability on 

Corrected % =   Mortality % in treated plot - Mortality % in control plot     

                                       100- Mortality % in control plot                                                                                              
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application with increasing rates of fenoxycarb. The calculated LC50 and LC 90 values are 0.002 µM and 0.072 µM, 

respectively (Table 2). 

 

Table 1:-Eggs hatchability of S. mauritia after treatment with Fenoxycarb at different ages 

Concentrations (µM) 

 

Egg hatchability (%) (  ±SE) 

0 - 24 hr 24 - 48 hr 

Control 99 ± 0.41
j 

97 ± 0.25
k 

Vehicle Control 97 ± 0.41
j 

97.75 ± 0.47
jk 

0.00005 93.75 ±1.31
i 

96.75 ± 0.49
j 

0.0001 79.75 ±0.85
h 

86.25 ± 0.95
i 

0.0005 66.5 ± 0.64
g 

74.25 ± 0.35
h 

0.001 58.25 ± 0.85
f 

60.5 ± 0.64
g 

0.005 30.25 ± 0.62
e 

31.75 ± 0.62
f 

0.01 23.5 ± 0.64
d 

25.5 ± 0.65
e 

0.05 13.75 ±0.85
c 

15.25 ± 0.85
d 

0.1 7.75 ±0.62
b 

10.25 ± 0.85
c 

0.5 0
a 

4.5 ± 0.65
b 

1.0 0
a 

0
a 

Means in the same column followed by the same letters do not differ significantly at P <0.05 (Duncan test).  4 

replicates were treated at each concentration. 

 

Table 2:-Lethal Concentrations against S. mauritia eggs after topical treatment with Fenoxycarb at different periods 

of oviposition 

  Egg Mortality 

0 - 24 hr 24 - 48 hr 

LD50 (µM) 0.002 0.002 

95% confidence limit LFL 0.001 0.002 

UFL 0.002 0.004 

LD90 (µM) 0.48 0.071 

95% confidence limit LFL 0.033 0.041 

UFL 0.075 0.139 

χ
2
  (df=8) 9.371 12.108 

Variance (F) 5.203 5.401 

Regression Equation y = 75.57 (x) + 41.566 y = 77.048 (x) + 38.892 

R
2
 0.342 0.351 

P value 0.046 0.042 

 LFL = Lower Fiducidal Limit, UFL = Upper Fiducidal Limit, χ2–Chi-square value, df - degrees of freedom 

 

The purpose of this study has been to describe the progressive morphological effects of JHA on the embryos of 

S.mauritia. Hatched eggs from the treated group larvae grew normally, but later their metamorphosis was blocked 

and they developed into intermediates or extra larval instars. Treatment during the early hours (0-24 hrs) was 

associated with higher incidence of developmental anomalies in larval life (Figs. 1&2), with the changes such as the 

formation of non-viable first instar larvae which failed to feed and normal larvae died at one of the succeeding 

moults. All larval intermediates were dead prior to metamorphosis and those which showed normal larval 

development completed the metamorphosis. The data presented in (Table 3) indicate that about 58.75% adults 

emerged from egg masses treated with 0.01 µM concentration of fenoxycarb, and among them 8.75 % were 

abnormal.   
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Fig 1:- 

 
 

Fig 2:- 

 
 

Table 3:-The latent effects of post treatment with Fenoxycarb on the eggs of S. mauritia at 0-24hr after egg laying 

Life stages Concentrations  (µM) 

Control Vehicle 

Control 

0.0001 0.001 0.01 0.1 1.0 

L
a
r
v
a

l 
M

o
r
ta

li
ty

 (
%

) 

  
  
 
 
  

1st
 Instar 11.75 ± 1.4

b 
14.25 ± 2.1

b 
23.5 ± 2.53

c 
28 ± 2.74

c 
35 ± 1.47

d 
54.25 ±3.57

e 
- 

2nd
 Instar 8.25 ± 1.49

b 
9.25 ± 1.38

b 
14.25 ± 1.49

c 
15.75 ± 1.3

cd 
18.5 ± 1.3

de 
21.25 ± 1.7

e 
-

 

3
rd

 Instar 7.25 ± 0.85
b 

7.75 ± 1.49
b 

10.25 ± 1.11
b 

10 ± 1.08
b 

15 ± 1.08
c 

17.75 ±1.31
c 

-
 

4
th

 Instar 5.5 ± 0.64
b 

5.25 ± 0.85
b 

8 ± 0.41
bc 

10.75 ± 1.4
cd 

12 ± 1.47
d 

12.75 ±1.11
d 

-
 

5
th

 Instar 4.25 ± 0.47
b 

4.5 ± 0.64
b 

6.5 ± 0.64
bc 

8.75 ± 0.85
cd 

10.3 ± 1.5
d 

13 ± 1.08
e 

-
 

6
th

 Instar 4.5 ± 0.64
b 

5.5 ± 0.64
b 

6.25 ± 0.64
b 

6.75 ± 0.85
b 

10 ± 1.49
c 

10.5 ± 1.08
c 

-
 

                97 96 93.5 87.5 87 71.75 - 

               

       

2.25 2.25 8.75 14.75 31 76 - 

      

                

98 96.75 92.75 84.75 58.75 - - 

               

       

0 0.25 0.5 1.5 8.75 - - 

x     = Mean    tandard  rror, Means in the same column followed by the same letters do not differ significantly 

at P <0.05 (Duncan test).  4 replicates of were treated at each concentration. 

 

Discussion:- 
Earlier studies revealed that exogenous topical applications of JH and JHAs block embryonic development in 

Pyrrhocoris apterus [16], Hylaophora cecropia [7], Schistocerca gregaria [17], Choristoneura fumiferana [18], 
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Thermobia domestica [19], Cydia pomonella [20], and Drosophila melanogaster [21]. In all these cases, the treated 

insect embryos continued development to a certain stage and lead to stoppage of the individuals followed by death. 

These results agree fully with the current study, that exogenous topical applications of JHA, fenoxycarb was more 

effective in suppressing hatching of eggs in S. mauritia and moreover, increasing rates of fenoxycarb concentrations 

resulted in progressive decrease of egg hatchability. The ability of juvenile hormone to block the embryonic 

development of insects was discovered by Slama and Williams [16] in their study on sensitivity of Pyrrhocoris 

apterus eggs to the juvenile hormone analogue ‘Juvabione.” They found that adult females exposed to a crude 

preparation of juvabione, oviposited eggs failed to hatch. The same result was obtained when the hormonal analogue 

was topically applied to freshly laid eggs of S.mauritia. In both cases, embryonic development proceeded to a 

certain stage and finally culminated to death. Our results agree with the studies on the application of pyriproxyfen 

resulted in greater suppression of egg hatching and inhibition of adult emergence and further pyriproxyfen also 

reduced female fecundity [22]. 

 

From the study, we observed that the eggs of S. mauritia at an early stage of embryogenesis (0–24 h old) were more 

sensitive to the compound than older eggs (48–72 h) and proved that the age of egg was determined with the egg 

hatchability rate. These findings were confirmed in another detailed study of two species of silkworms [6, 23], 

where the eggs were found to be maximally sensitive just before or immediately after oviposition. Majority of eggs 

hatched as normal larvae, when the hormonal treatment was postponed until the 48th hour of incubation. These 

findings are in congruent with those obtained with glassy-winged sharpshooter, Homalodisca vitripennis by [24]. 

 

It has been reported that JHAs were more effective at the starting stage of metamorphosis and embryogenesis, such 

as freshly ecdysed last larval and pupal instars and freshly deposited eggs [4, 25]. Thus, the present study observed a 

dose dependent reduction in the hatchability of eggs, and it may be due to disrupted embryogenesis when young 

eggs are treated with fenoxycarb. The observations of the current study are coinciding with the observation of 

fenoxycarb application to eggs, which proved significant ovicidal effect on C. rufilabris eggs [26]. Similarly, studies 

on the treated insect eggs showed disruption of the blastoderm with associated cellular and organelle disruption [4].  

 

Several progressive morphological defects were observed following the treatments of JHA on embryos of 

S.mauritia. Such as, the larvae grew normally, but later their metamorphosis was blocked and they developed into 

intermediates and extra larval instars. Similar observations were recorded by few authors [6, 27, 7,  28]. These 

results are clear evidences for the negative influence of JHA, on egg hatchability and postembryonic development of 

insects. 

 

Conclusion:- 
The above finding concludes that the early-developing egg stages of S.mauritia are highly susceptible to 

Fenoxycarb, also it should be mentioned that, this JHA could cause direct lethal effects such as mortality on eggs, 

production of larval pupal intermediates and abnormal adults. These effects were observed in laboratory conditions. 

Further, it is understood that the combination of lethal and sublethal effects of Fenoxycarb could produce significant 

negative effects on the population dynamics of S.mauritia.  On the basis of our findings we conclude that 

Fenoxycarb has higher potential for controlling S.mauritia. 
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