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Abstract 
 Sericulture in Nigeria after many years of abandonment has taken a new dimension in  
Akure, Ondo State, where a hybrid of local and exotic cross of Bombyx mori is being 
adopted. This study was carried out in the Federal University of Technology, Akure with the 
aim of investigating the egg laying capacity and hatchability of the breed under different 
temperature ranges and mating duration. Eggs of the breed were reared to adult under normal 
conditions. 1,230 cocoons were selected and adult moths were allowed to emerge, 800 of the 
adults that emerged were randomly selected (400 males and 400 females). 30 adult males and 
female moths each were paired per thermal treatments at 41 ± 1°C, 31 ± 1°C, 28± 1°C, 10± 
1°C and 4 ± 1°C) and each of the 30 pairs were exposed to 10minutes, 30 minutes, 4 hours 
and 12hours mating duration. For 10mins and at all the different temperatures, fecundities of 
the silkworm were not significantly different (F1,14 = 0.743, Sig = 0.404, p > 0.05) but  
hatchability were significantly different (F1,14 = 10.310, Sig = 0.007, p < 0.05). For 4 hours 
mating duration, under variable temperature of 4°C, 10°C, 28°C, 31°C and 41°C, number of 
eggs laid were significantly different (F1,14 = 19.373, Sig = 0.001, p < 0.05) and hatchability 
(F1,14 = 20.888, Sig = 0.001, p < 0.05). Hatchability of eggs at all the temperature were 
significantly different (F1,4 = 134.15, Sig = 0.000 p<0.05). At ambient temperature 28 ± 2°C, 
hatchability in 10mins, 30mins, 4hours and 12hours were recorded as 78.8, 82.7, 88.24 and 
67.8% respectively. More eggs were laid and hatched under a mating duration of 4 hours. 
Thermal stress accelerates the entire metabolism and the rate of living of the silk moth. 
Hence, it is important to conduct silkworm breeding activities under optimum temperature 
and mating duration conditions. 
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Introduction                                                                                                                            
Silkworm (Bombyx mori) (Lepidoptera : 
Bombycidae) is a highly domesticated and 
economically important insect which is the 
primary producer of silk (Barber, 1992). 

The moth is very   sensitive some biotic 
and abiotic factors and cannot survive 
naturally due to continuous domestication 
process in sericulture practices.  The 
problems in domestication are triggered by 
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response to the environmental pressures of 
temperature, humidity, photoperiod etc as 
compared to the response in wild species. 
There is a significant interaction between 
environmental conditions and 
developmental stages which is regulated 
by the physiology of the silkworm and 
which affect its growth, development, 
productivity and quality of silk (Hussein et 
al., 2011). Temperature is a factor that 
produces physiological stress during larval 
and cocoon stages that impacts fertilization 
and percentage of eggs that are hatched 
(Saheb et al., 2005).  
After emergence, the male moth copulates 
with the female for about 2-4 hours and if 
not separated they may die after few hours 
of copulating with the female. Just after 
fertilization, the female starts laying eggs 
which is completed within 24 hours. A 
female moth lays 400-500 eggs depending 
upon the climatic conditions and the 
supply of food material to the caterpillar at 
the larvae stage from which the female 
moth is obtained (Biram and Gowda, 
1987; Barber, 1992; Biram et al., 2009). 
The eggs are in clusters and covered with 
gelatinous secretion of the female moth 
which helps them in proper attachment. 
The eggs laid by the female moth are 
rounded and whitish in colour (Gowda, 
1988).  
Apart from temperature, number of eggs 
laid is influenced by other abiotic factors 
such as photoperiod, humidity, duration 
and frequency of mating (Saha et al., 
2013). Bombyx mori is a poikilothermic 
insect, temperature has a profound impact 
on its egg laying capacity and other 
reproductive activities. Therefore, egg 
yield is within the optimum limits of 
temperature, to avoid reduction in number 
of egg laid  and fertility rate, temperature 
regulation is imperative (Kamble, 1997). 
When the temperature is above or below 
the optimum limit  during silkworm 
rearing, cocoon preservation and egg 
production results in increase in number of 
unfertilized eggs (Yokoyama, 1963). 

Likewise, during copulation, moths 
exposed to high temperature of 35°C 
usually experience decrease in egg 
production and fertility rate and when 
exposed to lower temperatures, there is 
also reduction in the production of 
fertilized eggs (Ayuzawa et al., 1972).  
The mating duration is also a significant 
factor that affects egg laying and fertility 
but it depends on the race of 
Silkworm. Several workers have 
opinionated a range of 4 -5 hours duration 
of mating. Sarkar et al., (2009) found that 
fertility was below 50% when mating 
duration was reduced to below two hours. 
The fecundity and percentage hatchability 
were gradually increased respectively with 
increased mating hours. Silk moth should 
be allowed for copulation at minimum of 
5hrs, or up to natural decoupling, this will 
result in laying of maximum numbers of 
egg (Subramanian1 et al., 2012). 
Otherwise, if the moths are decoupled less 
than 5hrs, it could lead to production of 
less number of eggs with poor hatching 
percentage and when allowed for one-hour 
mating, the egg hatchability is very poor 
(Subramanian1 et al., 2012).  
In view of increase in environmental 
temperature borne by climate change, this 
research was conceived to investigate the 
most favourable temperature and mating 
duration for the hybrid of Silkworm 
(Bombyx mori L.)  adopted in sericulture 
practices in Nigeria, and advise the local 
Sericulturists on the best practises for the 
trade.  
 
Materials and Methods 
Selection of silkworm hybrids 
The silkworm hybrids in Akure are 
tolerant to high temperature and high and 
low humidity conditions. Healthy cocoons 
were identified and used for the 
experiment. The silkworm cocoons were 
obtained from grainages in the Ministry of 
Agriculture, Akure which are the centers 
for production of disease free, temperature 
tolerant breeds suitable for tropical 
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conditions, pure and hybrid races of silk 
worm in large quantities. These centers 
purchase the cocoons from the certified 
seed cocoon producers. These cocoons 
purchased were placed in the rearing room 
constructed. The grainage room was kept 
dark. Emerging moths were sexed and 
used for breeding purposes to produce seed 
eggs. The mating was done for four hours 
to secure maximum fertilization.  
Copulation, laying and hatching of eggs 
The females were then made to lay eggs on 
paper sheets or cardboard coated with a 
gummy substance (Figure 1). The egg 
sheets were disinfected with 2% formalin, 
and then washed with water to remove 
traces of the formalin and dried it up in 
shades. The eggs laid were transported in 
the form of egg sheet. However, it is easy 
to transport loose eggs. To loosen the eggs, 
the sheets were soaked in water, washed in 
salt solution of 1.06-1.10 specific gravity 
to separate out unfertilized eggs and dead 
eggs floating on surface. Prior to the final 
washing, the eggs were disinfected with 
2% formalin solution, dried, weighed to 
the required standard and packed in small 
envelope. 
Eggs at the blue egg stage were kept in 
black boxes on the days prior to hatching. 
The next day they were exposed to 
diffused light so that the larvae hatch 
uniformly in response to photo stimulus. 
The newly hatched larvae were placed in 
the rearing trays and tender mulberry 
leaves were chopped into pieces and 
sprinkled over the egg cards. The larvae 
were seeing crawling over the leaves on 
the net.  
Transfer of worms to rearing trays 
The net with larvae was transferred to 
rearing tray. Each age of the silk worms 
could be divided into seven stages based 
on their mode of feeding. First feeding 
stage, sparse eating stage, moderate eating 
stage, active eating stage, premoulting 
stage, last feeding stage, moulting stage. 
The larvae have good appetite at the first 
feeding stage and comparatively little 

appetite at sparse and moderate eating 
stages. They eat voraciously during active 
stage until the last feeding stage when they 
stopped feeding.  After spinning, the 
cocoons were completely formed, 
harvested and defluxing was carried out by 
removing excess tread from the cocoons.  
1230 cocoons were selected and adult 
moths were allowed to emerge. 800 out of 
the adults that emerged were selected, 
comprising of 400 males and 400 females. 
Thirty replicates were used for each 
temperature conducted for this study, 30 
adult male and female moths each were 
paired  per thermal treatments (41 ± 1°C, 
31 ± 1°C, 28± 1°C, 10± 1°C and 4± 1°C) 
in insect rearing incubator (Canden 
Products, USA) and exposed to mating 
duration of 10minutes, 30 minutes, 4 hours 
and 12hours. When the copulating time 
was reached, each pairs were individually 
picked and depaired. 
Number of eggs laid and hatched 
 The mated female moths were placed in 
the rearing trays to lay eggs on the paraffin 
sheet at room temperature labelled 
according to the replicated treatments. 
Eggs laid were counted and allowed to 
hatch into larvae and brushed with a 
feather into a large petri dish containing 
chopped mulberry leaves. The larvae were 
counted after 2 days to determine the 
number that hatched. 
 
Results 
Copulated adult survival and egg laying 
All the copulated adults at temperature of   
31°C, 28°C, 10°C and 4°C for 10 minutes, 
30 minutes, 4hours and 12 hours survived 
through the process. However, before the 
end of the copulation and before depairing, 
all the copulating adults under 41°C for the 
duration of 10mins, 30mins, 4hrs and 
12hrs died: There was no egg laying 
recorded for this temperature and at all 
mating duration. 
Egg laying under temperature for 10 
mins mating duration 
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At different temperature for a mating 
duration of 10mins, the number of eggs 
laid increased initially as the temperature 
rose from 4°C to 10°C, the optimum 
number of eggs were laid at, 10°C.as the 
temperature was increased the number of 
eggs laid by the silkworm (Figure 1) 
decreased and dropped to zero at 41°C. 
Similarly, as the temperature was 
increased, the number of eggs hatched 
increased. At optimum temperature of 
28°C, 78.8% hatchability of eggs were 
obtained (Table 1). Number of  hatchable 
eggs dropped from 31°C to zero at 41°C.  
At 10 minutes mating duration under 
variable temperature of 4°C, 10°C, 28°C, 
31°C  and 41°C, number of eggs laid were 
not significantly different (F1,14 = 0.743, 
Sig = 0.404, p > 0.05) and hachability 
were significantly different (F1,14 = 10.310, 
Sig = 0.007, p < 0.05). 
Egg laying under temperature for 30 
mins mating duration 
At different temperature for a mating 
duration at 30mins, the number of eggs 
laid increased initially as the temperature 
rose from 4°C to 31°C, the optimum 
number of eggs were laid at 31°C.as the 
temperature was increased, the number of 
eggs laid by the silkworm decreased and 
dropped to zero at 41°C. Similarly, as the 
temperature was increased, the number of 
eggs hatched increased. At optimum 

temperature of 28°C, 80% (Figure1) 
hatchability of eggs were obtained 
(Table2). Number of hatchable eggs 
dropped from 31°C to zero at 41°C.  At 30 
minutes mating duration under variable 
temperature of 4°C, 10°C, 28°C, 31°C and 
41°C, number of eggs laid were not 
significantly different (F1,14 = 1.477, Sig = 
0.246, p > 0.05) and hachability were 
significantly different (F1,14 = 9.681, Sig = 
0.008, p < 0.05) 
Egg laying under temperature for 
4hours mating duration 
With a mating duration of 4hrs at varying 
temperature, the number of eggs laid 
increases as the temperature increases 
from 4°Cto 28°C, the optimum number of 
eggs were laid at 28°C.as the temperature 
was further increased the number of eggs 
laid by the silkworm decreased and 
dropped to zero at 41°C. Again, when the 
temperature was increased, the number of 
eggs hatched increased. However, at 
optimum temperature of 28°C, 88.24% 
(Figure 2) hatchability of eggs were 
obtained. Number of hatchable eggs 
dropped from 31°C to zero at 41°C.  At 
4hours mating duration under variable 
temperature of 4°C, 10°C, 28°C, 31°C  and 
41°C, number of eggs laid were 
significantly different (F1,14 = 19.373, Sig 
= 0.001, p < 0.05) and hachability (F1,14 = 
20.888, Sig = 0.001, p < 0.05) (Figure1) 

 

                  
                Figure 1 : Eggs laid on brown gummy paper by Silkworm (Bombyx mori) 
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Table1: Egg laying capacity and hatchability of Bombyx mori L. at different temperature for 
10 minutes mating duration 
Replicates 4°C 10°C 28°C 31°C 41°C 
 X      Y (%) X      Y (%)  X      Y (%)  X      Y (%) X      Y (%) 
A 66   43(65.2) 197    140(71.1) 450    340(75.6) 417    320(76.7) 0    0(0.0) 
B 57   39(68.4) 477    440(92.2) 423    330(78 1) 400    257(64.3) 0    0(0.0) 
C 57   41(71.9) 650    446(68.6) 387    323(83 5) 413    297(71.9) 0    0(0.0) 
Av..no. of 
eggs laid/ 
hatched 

60   41(68.3) 441    342(77.6) 420    331(78.8) 410    291(71.0) 0    0(0.0) 

 
 
Table2: Egg laying capacity of Bombyx mori L. at different temperature for 30 minutes 
mating duration 
Replicates 4°C 10°C 28°C 31°C      41°C 
 X       Y (%) X      Y (%) X      Y (%) X     Y (%)        X       Y (%) 
A 60      43(71.2) 138    100(72.4) 200     187(93.5) 203   160(78.8) 0      0(0.0) 
B 71      56(78.9) 186    147(79.0) 290     240(82.8) 270   207(76.7) 0      0(0.0) 
C 57      40(70 2) 167    147(88.0) 277    223(80.5) 293   207(70.7) 0    0(0.0) 
Av..no.of 
eggs laid/ 
hatched 

63      46(73.5) 163    131(80.6) 262    234(89.3) 255    191(75.3) 0    0(0.0) 

 
 
 

     
                         No. of eggs laid            Hatchability 
       Figure 1: Egg laying capacity of Bombyx mori L. at different temperature for 4hours  
                     mating duration 
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 No. of eggs laid    Hatchability 
           Figure 2: Egg laying capacity/hatchability of Bombyx mori L. at different temperature           
                           for12hours mating duration  
 
 
Egg laying under temperature for 
12hours mating duration 
With a duration of 12hrs mating duration 
at varying temperature, the number of eggs 
laid increased initially as the temperature 
rose from 4°C to 28°C, the optimum 
number of eggs were laid at 28°C.as the 
temperature was increased the number of 
eggs laid by the silkworm decreased and 
dropped to zero at 41°C. Again, when the 
temperature was increased, the number of 
eggs hatched increased. However, at 
optimum temperature of 28°C, 67.8% 
hatchability of eggs were obtained. 
Number of hatchable eggs dropped from 
31°C to zero at 41°C.  At 12 hours mating 
duration under variable temperature of 
4°C, 10°C, 28°C, 31°C  and 41°C, number 
of eggs laid were significantly different 
(F1,14 = 20561, Sig = 0.001, p < 0.05) and 
hachability were significantly different 
(F1,14 = 23.051, Sig = 0.000, p < 0.05) 
(Figure2) 
 

Fecundity and Hatchability 
Egg laying capacity of silkworm for all 
mating durations were significantly 
different (F1,4 = 7.114, Sig = 0.006 
p<0.05), at 4hours duration of copulation, 
maximum numbers of eggs were laid and 
hatched. When the mating duration was 
reduced, egg laying capacity reduced and 
hatchability considerably reduced, 
Hatchability of eggs at all the temperature 
were significantly different (F1,4 = 134.15, 
Sig = 0.000 p<0.05). Hatchability of the 
eggs at 10mins, 30mins, 4hours and 
12hours are 78.8, 80, 88.24 and 67.8% 
respectively. More eggs were laid and 
hatched under a mating duration of 4 hours 
 
Discussion 
The egg laying capability of Bombyx mori 
L. is greatly influenced by many factors, 
which are  the genotype of silkworm line 
(Manjula et al., 2021 and Kedir et al., 
2014), rearing  temperature (Ahan et al, 
2008 and Abril et al., 2010), humidity 
(Hussain et al., 2011) and many other 
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factors; different textures and colors of 
papers affect egg deposition and 
ovipositional response and hatchability of 
Bombyx mori change (Ghulam and 
Mushkeen 2005); and Kedir et al (2014) 
observed growth development, better egg 
production and coccon yield depends on 
the availability of  Abaro genotype of 
Castor plant in Eri-silkworm Samia 
cynthia ricini B. a multivoltine 
polyphagous silkworm. 

.  Temperature and duration of time 
of copulation are important factors in 
silkworm Bombyx mori rearing, for 
economic reasons in silkworm production 
and medicine, and it is imperative to 
moderate and control of some of these 
factors in the insect productivity. When 
there is rearing under stress environmental 
conditions, there is consumption of energy 
in the metabolic activity (Gowda, 1988). 
Unlike the bi-voltine local silkworm races 
with long life cycle and highly adaptable 
to warmer temperature like in the tropics, 
warmer ecological conditions and rearing 
actions have culminated in the multi-
voltine races of Bombyx mori with shortest 
life cycle (Ahan et al, 2008, Abril et al., 
2010). The rearing process is stopped in 
summer time because the temperature 
affects growth and disease susceptibility 
and non-availability of mulberry (Abril et 
al ,2010, Ayuzawa et al, 1972).  
In this study, there were significant 
differences in the fecundity of silkworm 
reared in different duration of mating or 
period the insects copulate. As the duration 
of time for copulation reduces, fecundity 
and hatchability of eggs reduces while 
maximum number of eggs were laid with 
high percentage hatchability at an 
optimum duration of 4hrs and beyond 4hrs 
of copulation the insect did not respond 
with increased fecundity and hatchability. 
Similar observation was made by 
Dahlguard et al, 1998 and Denlinger and 
Yoceum, 1998, they claimed, in addition 
to the reduction in fecundity and 
hatchability due to prolonged mating 

duration, the insect may even die.  
Copulation is preceded by internal 
fertilization, just after emergence, the male 
moth copulates with the female for about 
2-4hours and if not separated the males 
may die after few hours of copulating with 
the female. Therefore, directly or 
indirectly silkworm rearing is influenced 
by temperature and duration of copulation 
of mating partners (Biram et al, 1987). 
In this study, temperature and duration of 
copulation affect the insects differently, 
there is no synergistic influence of the two 
factors. There is an optimum mating 
duration of 4-5 hours under which 
optimum number of eggs and hatchability 
were achieved, when the mating period is 
low, fewer eggs are laid with poor 
hatchability while when it mating period is 
prolonged, number of eggs laid increases 
but not many were hatched. Wanule and 
Balkhande (2013) reported reduction in 
fecundity and female adult longevity of B. 
mori by mating silk moths at low (10 ± 
1°C) and high (30 ± 1°C) temperatures 
compared to normal (27 ± 3°C). Biram et 
al, (1987) silkworm under stress (4oC and 
10oC) yielded low number of eggs, at 
standard rearing temperature (28oC and 
31oC) yielded maximum number of eggs 
and at high temperature of 41oC, laid more 
more eggs but few hatchable; the variation 
in number of eggs occurred due to 
fluctuations of temperature and at different 
mating duration. interaction with silkworm 
moths which were exposed to 28oC and 
31oC and mating duration of 4 -5 hours 
showed maximum results. Bhasker et al. 
(1992) recorded the gradual decline in the 
fecundity of the moths due to high 
temperature; Mathur and Lall (1994) 
showed that maximum fecundity in 
silkworm was obtained at 25.36 ± 0.17°C 
(optimum) temperature and Mahmoud et 
al. (2009) found significant reduction in 
the fecundity of female silk moths mated 
with cold stored male moths compared to 
the normal mated moths. Kamble (1997) 
and Saha et al. (2013) suggested 



 

41 

 

temperature range of 25-28°C as ideal 
temperature for silkworm rearing and egg 
production, and any fluctuation from this 
temperature reduces reproductive traits. 
Similarly, Mona (2013) when male silk 
moths were exposed at different 
temperature and crossed with the normal 
females, it mostly resulted in significant 
reduction of the fertilization percentage at 
above and below 25°C with lowest 
fertilization percentage at 34°C.   
Temperature affects the transport of viable 
sperms and/or seminal fluids in the male to 
the female genital tract. The damage 
caused caused by the temperature to the 
male accessory glands and female 
reproductive tract of silk moths affects the 
hatchability of the eggs as well (Katsuki 
and Miyatake, 2009).  Ouyang and Wu 
(1993) and Biram et al. (2009) reported 
reduction in the production of oviposition-
stimulating substance, hormones and 
protein contents due to high temperature 
exposure which negatively impact female 
reproductive output and hatching of eggs. 
Jha (1997) explained that variations in 
temperature during mating causes in-
complete oviposition due to decreased 
fecundity and poor development of 
embryo that was due to decrease the 
hatching percentage of eggs.  Several 
workers have also given their opinions on 
this; Sugai and Hanoaka (1972) claimed a 
continuous exposure of male moths of 
silkworm to high temperature induces 
sterility.  Saha et al. (2013) justified the 
temperature impact on B. mori fecundity 
through seasonal variation impacts on 
fecundity and hatching percentage of eggs 
and reported maximum fecundity and 
hatching percentage during favourable 
seasons (20-30°C) against unfavourable 
seasons (30-38°C) and suggested that 
temperature could be considered as an 
influential factor in determining the 
growth and fecundity of silkworm through 
the mediation of juvenile hormone. Osanai 
(1978) demonstrated that the entire 
metabolism and the rate of living of silk 

moth appeared to be accelerated by 
temperature of 30°C and above, resulting 
in shortening their life span.   
Conclusion 
Thermal stress accelerates the entire 
metabolism and the rate of living of the 
silk moth. Hence, it is important to 
conduct silkworm breeding activities under 
optimum temperature and mating duration 
conditions. 
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