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Influence of 20-Hydroxyecdysone on the Larval Performance
of Multivoltine Mulberry Silkworm (Bombyx mori Linn)
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Abstract: The application of 20-hydroxyecdysone on Bombyx mori larvae has been proved to be a significance
in the sericulture industry. Variation in the 20-hydroxyecdysone concentration significantly (P<0.05) influenced
the larval performance of B. mori in terms of larval duration, larval weight and survival of larvae. The larval
weight and survival of larvae increased with the increasing number of larval treatment of 20, 40 and 60%
ecdysone concentration. The maximum level of larval weight (1.951+0.09 g) and survival of larvae (92.98+1.08%)
was noticed in case of triple treatment by 60% ecdysone concentration. The minimum larval duration (23.72+0.62
days) was recorded in case of triple treatment by 60% ecdysone concentration showing good development of
larvae. 20- hydroxyecdysone hormone interactions if applied tactfully may be useful for boosting up the
sericulture industry as well as the economy of silkworm rearing.
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INTRODUCTION

Bombyx mori nistari is a resistant variety of
multivoltine mulberry silkworm contributing to a great
extent in the commercial production of cocoon in India.
Larval weight, larval duration and survival of larvae are
the most important factors which influence the production
of cocoon on commercial scale. Attempts have been made
to study the effects of ecological factors [1], relative
humidity [2], refrigeration of eggs [3] and cocoons [4, 5]
and magnetization of eggs [6-8] and cocoons [9, 10] and
larval performance [11] on the performance of silkworms.
The plant produced insect moulting hormone termed
phytoecdysteroids (PES), functions as strategic defenses
for plants against insects by acting as either feeding
deterrents or through developmental disruption in insects.
The response of silkworm to the small quantities of these
phytoecdysteroids or its analogues may hasten the larval
maturation events and also influenced the spinning
process of the several silkworm larvae may prove to be
very much useful for the management of rearing
programme and economics of silkworm industry.

Ecdysteroids play key role in moulting and
metamorphosis in insects. The ecdysone has been

noticed to influence the reproductive potential of Bombyx
mori [12-16]. It is hypothesized that B. mori larvae treated
with 20-hydroxyecdysone may cause certain beneficial
effects on the life pattern and the larval performance.
Keeping this in view, an attempt has been made to
investigate the effect of 20-hydroxyecdysone on the larval
weight, larval duration and survival of larvae in
multivoltine mulberry silkworm (B. mori). This
investigative study may be helpful in devising the
suitable means to increase the larval ability of B. mori and
therefore, the increased production of good cocoons.

MATERIALS AND METHODS

The seed cocoons (pupa enclosed in silken case) of
multivoltine mulberry silkworm Bombyx mori nistari, a
native of West Bengal in India, were obtained from the
silkworm grainage. Directorate of sericulture, Behraich
Uttar Pradesh and were maintained in the plywood trays
(23 x 20 x Scm) under the ideal rearing conditions [17]
in the silkworm laboratory, Department of Zoology, DDU
Gorakhpur University Gorakhpur. The temperature and
relative humidity were maintained at 26+1°C and 80+5%
RH, respectively till the emergence of moths from the seed
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cocoons. The moths emerged generally in the morning at
around 4 A.M. The tray in which seed cocoons were kept
was suddenly illuminated by light in the morning at 4
O’clock on 9" and 10" day of spinning. The newly
emerged moths were quickly picked up and kept sex-wise
in separate trays to avoid copulation. The whole
grainage operation was performed as per description
given by [17].

Moths have a tendency to pair immediately after
emergence and, therefore, the female moths required to
copulate with the male moths, were allowed their mates for
copulation. Sufficient pairs, each containing one male and
one female from newly emerged moths were allowed to
mate at 26+1°C and 80+5% RH in 12 hour / day dim light
condition. After four hours of mating, the paired moths
were decoupled manually. The female moths were allowed
to lay egg. After 24 h of egg laying, the female moths were
individually examined for their disease freeness and after
formaline treatment the eggs were transferred to the
incubator for hatching. After hatching, the larvae were
reared on the mulberry leaves given as food in the trays.
Further, the 3" instar larvae were taken for experiment.

Experimental Design: To observe the influence of
bioactive  phytoecdysteroid  (20-hydroxyecdysone)
hormone on the performance of B. mori, the experiments
were performed with different concentrations of 20-
hydroxyecdysone hormone with respect to the treatment
of 3", 4™ and 5" instar larvae. 5 mg 20-hydroxyecdysone
purchased from the Sigma Company, was dissolved in 250
ml distilled water and used this solution as 100%
of 20-hydroxyecdysone.
concentrations of 20-hydroxyecdysone viz; 20, 40, 60 and
80% were prepared by adding required amount of water
and sprayed separately by sprayer as 10 ml on 100 gm
mulberry leaves / 100 larvae. The larvae were fed on the
treated leaves. Three sets of experiment were designed
viz, single double and triple treatment of larvae. All the
experiments were conducted in the BOD (Biological
Oxygen Demand) incubator.

concentration Four

Single Treatment: Single treatment of larvae was
performed with the 5" instar larvae just before two days of
the beginning of larval spinning. 100 larvae were taken out
from the BOD incubator and the mulberry leaf treated with
20% concentration of 20-hydroxyecdysone, was given as
food. Further, the treated larvae were given normal
mulberry leaf for food.
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Double Treatment: Double treatment of larvae was started
from the final stage of 4™ instar larvae. In the first
treatment, 100 larvae of 4" instar were treated just before
two days of 4™ moulting, by providing treated mulberry
food with 20%
hydroxyecdysone. The treated larvae then transferred in
BOD incubator for further rearing and development.
Further, second treatment for the same larvae was given

leaf as concentration of 20-

at the final stage of 5" instar larvae i.e just before two
days of spinning.

Triple Treatment: For triple treatment, the 3" instar larvae
just before 3™ moulting, were separated from BOD
incubator. In the first treatment, 100 larvae of 3™ instar
were treated by providing treated mulberry leaf and kept
in BOD incubator for rearing. The second treatment of
same larvae was done just before two days of 4™ moulting
i.e at the final stage of 4" instar larvae and transferred in
BOD incubator for further rearing. Third treatment was
given to 5" instar larvae, two days before the start of
spinning. Thus, in the triple treatment 3™, 4™ and 5" instar
larvae were treated.

Similar experiments were performed by 40, 60 and 80%
concentration of 20-hydroxyecdysone. A control set was
always maintained with each set of experiment.

Larval Weight: For the determination of larval weight the
weight of 30 larvae (three batches of 10 larvae in each
batch) were recorded. Three replicates of each experiment
were made. The larval weight was taken on the day when
fifth instar larvae stop feeding.

Larval Duration: The time required from the hatching of
larvae to the third day of spinning by the fifth instar
larvae was considered. For this purpose, 90 larvae (three
batches of 30 larvae in each batch) were taken for
observation. Three replicates of each experiment were
made.

Survival of Larvae: For determining the survival of larvae,
90 larvae (three batches of 30,1 instar, larvae in each
batch) were taken under the observation. The number of
larvae which attained the pupal stage was counted for the
calculation of the survival of larvae as following:

No. of larvae pupated < 100

Per cent survival of larvae = -
No. of 1% instar larvae

taken for observation
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RESULTS

Larval Weight: The data given in Table-1a indicates that
variation in the phytoecdysteroid (20-hydroxyecdysone)
concentration and the number of larval treatment
influenced the larval weight of 5" instar Bombyx mori
larvae. With the increase in number of treatment by 20-
hydroxyecdysone from one to three times, the larval
weight increased in case of 20, 40 and 60% ecdysone
treatment while in case of the treatment with 80%
ecdysone concentration, the larval weight increased in
single treatment of larvae but further increase in the
number of treatment caused decline in the larval weight.
The increase in the larval weight with the increase in
number of treatment has been noticed to be almost of
similar trend with 20, 40 and 60% ecdysone concentration.
The maximum larval weight was noticed to be 1.951+0.09
gm (18.96% increase as compared to control) in case
of triple treatment by 60% ecdysone concentration.
The minimum larval weight was recorded to be 1.620+0.02
gm in case of triple treatment by 80% ecdysone
concentration.

Two way ANOVA indicates that variation in the
ecdysone concentration significantly (P<0.05) influenced
the larval weight of B. mori larvae (Table-1a). The Post-
hoc test (Table-1b) indicates significant group difference
in the larval weight in between control and 60% ecdysone
concentration in case of double treatment. In the triple
treatment significant group difference in the larval weight
was noticed in between control and 40%, control and
60%, 40 and 80% and 60 and 80% of ecdysone treatment.
In case of single treatment there was no significance
group difference.

Larval Duration: The data given in Table-2a is indicative
of the fact that variation in the ecdysone concentration
and the number of larval treatment influenced the larval
duration of B. mori larvae. With the increase in number of
larval treatment by ecdysone from one to three times, the
larval duration decreased in case of 20, 40 and 60%
ecdysone treatment while in case of the treatment with
80% ecdysone concentration, the larval duration
decreased in single treatment of larvae but further
increase in the number of treatment caused increase in the
larval duration. The decrease in the larval duration with
the increase in number of treatment has been noticed to
be almost of similar trend with 20, 40 and 60% ecdysone
treatment. The minimum larval duration was noticed to be
23.72+0.62 days. in case of triple treatment by 60%
ecdysone concentrations. The maximum larval duration
26.10+1.12 days was recorded in case of triple treatment
by 80% ecdysone concentration.

Two way ANOVA indicates that variation in the
ecdysone concentration significantly (P<0.05) influenced
the larval duration of silkworm larvae (Table-2a). The post
hoc test (Table-2b) indicates significant group difference
in the larval duration in between control and 60% and 60
and 80% ecdysone concentration in case of triple
treatment of larvae. In single and double treatment, there
was no group difference.

Survival of Larvae: The data given in Table-3a clearly
indicates that variation in the ecdysone concentration and
the number of larval treatment influenced the survival per
cent of B. mori larvae. With the increase in number of
treatment by ecdysone from one to three times, the
survival per cent of larvae increased in case of 20, 40 and

Table 1: Effect of 20-hydroxyecdysone on the larval weight (gm) of Bombyx mori larvae

20-hydroxyecdysone concentration (%)

Stage of treatment F-ratio
(larval instar) Control (X)) 20 (Xy) 40 (X3) 60 (X,) 80 (Xs) n=4
Single (5") 1.640+0.01 1.662+0.008 1.721£0.02 1.782+0.04 1.797 £0.05

(100) (101.34) (104.94) (108.65) (109.57)
Double (4™ -5") 1.640+0.01 1.692+0.02 1.830+0.01 1.892+0.08 1.782 +0.04

(100) (103.17) (111.58) (115.36) (108.65) 3.965°
Triple (3 -5") 1.640+0.01 1.800+0.05 1.900+0.03 1.951+0.09 1.620+0.02

(100) (109.75) (115.85) (118.96) (98.78)
F, —ratio = 0.825™ n=2 P <0.05

"Non Significant

Each value represents mean+S.E. of three replicates

X, Xy, X3, X4and X are the mean values of larval weight in control, 20, 40, 60 and 80% ecdysone concentration respectively.

Figures in parentheses indicate per cent value when control was taken as 100%
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Table 1b: Post-hoc test showing effect of 20-hydroxyecdysone on the larval weight (gm) of Bombyx mori larvae.

Stage of treatment

Mean difference in between groups Single Double Triple
X, ~X, 0.022 0.052 0.160
X ~X; 0.081 0.190 *0.260
X, ~X, 0.142 *0.252 *0.311
X, ~ X 0.157 0.142 0.020
X, ~X; 0.059 0.138 0.100
Xo~ Xy 0.120 0.200 0.151
X, ~ X 0.135 0.090 0.180
X;~X, 0.061 0.062 0.051
X5~ X 0.076 0.048 *0.280
Xy~ X 0.015 0.110 *0.331
Honesty significant difference (HSD) = MS+1thm
5.050-006
3
= 0226

MS = Mean square value of ANOVA Table
q = Studentized range static
n = No. of replicates
* = Shows significant group difference
X1, X,, X3, X4 and X are mean values of larval weight in control, 20, 40, 60 and 80% ecdysone concentration respectively
Table 2a: Effect of 20-hydroxyecdysone on the larval duration (days) Bombyx mori larvae

20-hydroxyecdysone concentration (%)
Stage of treatment F, = -ratio
(larval instar) Control (X;) 20 (X,) 40 (X3) 60 (X,) 80 (Xs) n=4
Single (5™) 25.82+1.12 25.52+0.05 25.18+0.63 24.75+0.57 24.30+0.62

(100) (98.84) (97.52) (95.86) (94.11)
Double (4™ -51) 25.82+1.12 25.30+0.02 24.98+0.56 24.2440.46 24.78+1.20 3.187*

(100) (97.98) (96.75) (93.88) (95.97)
Triple (3% -5') 25.82+1.12 25.1240.58 24.56 £0.36 23.72+0.62 26.10+1.12

(100) (97.28) (95.12) (91.87) (101.08)
F, —ratio = 0.0322"" n,=2

‘P <0.05
“Non Significant

Each value represents mean+S.E. of three replicates

X1, X,, X3, Xgand X are the mean values of larval duration in control, 20, 40, 60 and 80% ecdysone concentration respectively.

Figures in parentheses indicate per cent value when control was taken as 100%

60% ecdysone treatment while in case of the treatment
with 80% ecdysone concentration, the survival per cent
of larvae slightly increased in single treatment of larvae
but further increase in the number of treatment caused
decline in the survival per cent of larvae. The increase in
the survival per cent of larvae with the increase in number
of treatment has been noticed to be almost of similar
trend with 20, 40 and 60% ecdysone concentration.
The maximum survival per cent of larvae was noticed to be
92.98+1.08% (18.20% increase as compared to control) in
case of triple treatment by 60% ecdysone concentration.
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The minimum survival per cent of larvae (77.56=1.14%)
was recorded in case of triple treatment by 80% ecdysone
concentration.

Two way ANOVA indicates that variation in the
ecdysone concentration significantly (P<0.05) influenced
the survival per cent of larvae (Table-3a). The Post-hoc
test (Table-3b) indicates significant group difference in
the survival per cent of larvae in between control and 60%
and 60 and 80% concentration of ecdysone treatment in
case of triple treatment of larvae. No group difference was
found in case of single and double treatment.
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Table 2b: Post-hoc Test showing effect of 20-hydroxyecdysone on the larval duration (days) of B. mori larvae.

Stage of treatment

Mean difference in between groups Single Double Triple
X, ~X, 0.30 0.52 0.70
X ~X; 0.64 0.84 1.26
X, ~X, 1.07 1.58 *2.10
X, ~ X 1.52 1.04 0.28
X, ~X; 0.34 0.32 0.56
Xo~ Xy 0.77 1.06 1.40
X, ~ X 1.22 0.52 0.98
X;~X, 0.43 0.74 0.84
X5~ X 0.88 0.20 1.54
Xy~ X 0.45 0.54 *2.38

Honesty significant difference (HSD) = %M
n
- 5.05/%
3

= 1.636

MS = Mean square value of ANOVA Table
q = Studentized range static

n = No. of replicates

* = Shows significant group difference

X, X», X3, X4 and X are mean values of larval duration in control, 20, 40, 60 and 80% ecdysone concentration respectively.

Table 3a: Effect of 20-hydroxyecdysone on the survival per cent of Bombyx mori larvae

20-hydroxyecdysone concentration (%)

Stage of treatment F,-ratio
(larval instar) Control (X;) 20 (Xy) 40 (X;) 60 (X4) 80 (Xs) n=4
Single (5™) 78.66+0.65 80.85+0.73 82.76+1.26 84.76+0.94 85.02+0.65
(100) (102.78) (105.21) (107.75) (108.08)
Double (4"-5") 78.66+0.65 82.25+1.12 83.35+1.27 86.48+1.25 83.04+0.92 3.778*
(100) (104.56) (105.96) (109.94) (105.57)
Triple (3™ -5") 78.66+0.65 84.96+1.15 85.75+1.30 92.98+1.08 77.56+1.14
(100) (108.00) (109.01) (118.20) (98.60)
F, —ratio = 0.367"" n,=2
‘P <0.05

"Non Significant
Each value represents mean+S.E. of three replicates
X, Xs, X3, Xqand X are the mean values of survival of larvae in control, 20, 40, 60 and 80% ecdysone concentration respectively

Figures in parentheses indicate per cent value when control was taken as 100%
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Table 3b: Post-hoc Test showing effect of 20-hydroxyecdysone on the survival per cent of B. mori larvae

Stage of treatment

Mean difference in between groups Single Double Triple
X ~X, 2.19 3.59 6.30
X ~X; 4.10 4.69 7.09
X~ X, 6.10 7.82 *14.32
X, ~X; 6.36 4.38 1.10
X~ X 1.91 1.10 0.79
X, ~ X, 3.91 4.25 8.02
X, ~ X 4.17 0.79 7.40
X;~X, 2.00 3.13 7.23
X5~ X 2.26 0.31 8.19
Xy~ X 0.26 3.44 *15.42
Honesty significant difference (HSD) = (\]fMS+lthm

= 5032298

3
=8.89

MS = Mean square value of ANOVA Table
q = Studentized range static

n = No. of replicates

* = Shows significant group difference

X1, X, X3, X4 and X5 are mean values of survival of larvae in control, 20, 40, 60 and 80% ecdysone concentration respectively

DISCUSSION

The larval weight of Bombyx mori varied with
variation in the varieties of some host plant [18]
and declined due to the starvation of Ilarvae [19].
The nutritional status of mulberry leaf has been noticed to
be the major factor in deciding the larval weight of
silkworm [20-22]. Larval weight was noticed to be highest
during the winter and lowest during the summer [23].
The use of antibiotics increased the larval weight of
B. mori [24]. Supplementation with vitamin B increased
the resistance against poor environmental conditions and
increased body weight in silkworm [25]. Increase in larval
weight was noticed when silkworm races were
administrated with thiamine [26] thyroxine [27] and
ascorbic acid [28, 29]. The nutritional elements of mulberry
leaf determine the growth and development of the larvae
[30]. Positive results in larvae were noticed when larvae
fed on the mulberry leaves treated with Nux vomica [31].
Organic manures have strong hold on the growth and
development of silkworm [32]. The larval weight of B. mori
increased significantly by the hormonal treatment [33].
The treatment of B. mori egg with HC1 was also helpful for
increasing the larval weight [34]. Cocoon magnetization
also influences the larval weight [11]. The feeding leaves
supplemented  with  distilled water alone slightly
increased the weight of larvae and pupae [35].
Thus,  20-hydroxyecdysone  treatment in low
concentration cause, an increase in the larval weight
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due to increased rate of metabolism resulting in the
consumption of more food by the silkworm larvae
while  higher concentration of 20-hydroxyecdysone
treatment may cause stress response leading to the
decrease in the larval weight of B. mori.

The variation in the larval duration of silkworm has
been reported by a number of workers [36, 33]. It is well
known that an ideal race is one which has a shorter
duration thus causing low consumption of leaf [37].
Phytoecdysteriod is recognized as one of the most
important components in the silkworm rearing [38].
The rearing condition was also reported to be
effective in deciding the larval span and growth [39].
The topical application of methoprene (Juvenile
Hormone Analog)  prolonged larval period and
caused an increase in the weight of silk gland and cocoon
of B. mori [40]. The nutrition plays a major role in
improving the growth and development of B. mori [41].

Cocoon magnetization also influences the Ilarval
duration [11]. The present investigation shows
positive  co-relation with larval duration. 20-

hydroxyecdysone simulates silkworm larvae for tolerance
to toxin and viral infection, accelerates growth and
development in silkworm. Thus, it reduces the larval
duration with the increasing 20-hydroxyecdysone
concentration from 20 to 60%, in single, double and triple
treatment of larvae, while at 80%, triple treatment of larvae,
larval duration increased because of stress response at
higher concentration.
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The ecological factors [42] and genome of silkworm
[43] have been noticed to be important for regulating the
survival of larvae. The oral administration of folic acid
during 5th instar silkworm significantly influenced the
survival per cent of silkworm larvae [26, 28, 44, 45].
Cocoon magnetization also influences the survival of
larvae [11]. Ascorbic acid is reported to enhance the larval
survival rate [46, 47]. Survival per cent of silkworm larvae
was significantly affected by exogenous application of
phytoecdysteriod [48, 49]. Thus, it is concluded that the
higher survivability of larvae may be due to the resistance
developed in the larvae at low 20-hydroxyecdysone
treatment up to 60% concentration at triple treatment of
larvae ~ while  the  higher  20-hydroxyecdysone
concentration, triple treatment of larvae may cause toxic
response resulting in the high mortality of larvae.
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