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ABSTRACT

The silkworm Bombyx mori rearing is a traditional industry in Asia. B. mori is an important economic insect because
it converts leaf protein into silk protein. Present study was carried out to evaluate the effect of volatile (4//ium
sativum) on the pupal length and pupal duration of B. mori pupae. The change in the volatile exposure duration and
the number of larval treatment influenced the pupal duration and pupal length. The pupal length increased with the
increasing number of larval treatment 15, 30 and 45 minute exposure. The maximum pupal length (2.25 = 0.012 cm)
was noticed in case of triple treatment with 45 minute exposure and minimum pupal length (1.71 + 0.087 cm) was
recorded in case of triple treatment with 60 minute exposure duration. The minimum pupal duration was recorded to
be 8.15 £ 0.479 days, which showed good development of pupae in case triple treatment with 45 minute exposure
duration. If volatile applied tactfully in silkworm rearing it may be useful to improve the production of silk and
quality of silk on commercial scale.
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INTRODUCTION

Nistari race is a resistant variety of multivoltine mulberry silkworm (Bombyx mori), which contributes up to a
great extent in the commercial production of cocoon. The pupal length and pupal duration are the important factors,
which influence the production of cocoon because pupa is major component of cocoon. The efforts are being made
to evolve new technologies that are cost effective, labour saving and eco-friendly. In order to increase the production
of silk, Attempts have been made to study the effect of X-rays (Kanarew and Cham,1985), photoperiod (Mishra and
Upadhyay, 1993), temperature (Upadhyay and Mishra, 1991), relative humidity (Mishra and Upadhyay, 2002),
ecological factors (Upadhyay and Gaur, 2002), biological study (Mohamed et al., 2013), cocoon refrigeration
(Upadhyay et al., 2009), egg magnetization (Upadhyay and Tripathi, 2006), cocoon magnetization (Upadhyay and
Prasad, 2010), vitamin C treatment (Balasundaram et al., 2013), pesticides (Kumutha et al., 2013), 20-
hydroxyecdysone hormone (Prasad and Upadhyay, 2012), and phytoecdysteroid hormone (Upadhyay and Pandey,
2012; Srivastava and Upadhyay, 2013), also influenced the performance of silkworm. Aloe vera herbal tonic ‘logen’
(Balamurugan and Isaiarasu, 2007), Aloe (Manimitha and Isaiarasu, 2010), and Aloe tonic treated mulberry leaves
(Deshmukh and Khyada, 2013), artificial diet (Mona M. Mahmoud, 2013), influenced pupal and growth parameters
of B. mori. The garlic has antibacterial (Pactiappan et al., 2009), and antimicrobial (Gulson and Erol. 2010),
Properties and volatile compound (Yu and Wu, 1989), the garlic also used as controlling silkworm disease (Isaiarasu
etal., 2011), and antimytic activity against pathogenic fungus of white muscardine disease in silkworm B. mori linn.
(Madana et al., 2007), plant and human disease (Singh et al., 2001), It is hypothesized that if the larvae of Bombyx
mori L. are exposed to garlic volatile in different time duration there may be some beneficial effect on the life
pattern of silkworm larvae, keeping this is view, an attempt has been made to investigate the effect of garlic volatile
on the pupal length and pupal duration of multivoltine mulberry silkworm (Bombyx mori L.).

MATERIAL AND METHOD

Seed Cocoon: The seed cocoon (pupa enclosed in silken case) of multivoltine mulberry silkworm, Bombyx mori
nistari, a native of west Bengal in India, was taken in the present study. The seed cocoon (pupa enclosed in silken
case), obtained from the silkworm grainage Behraich, Directorate of Sericulture Uttar Pradesh, and were maintained
in the plywood trays (23x20x5 cm) under the ideal rearing condition (Krishnaswamy et al., 1973), in the silkworm
laboratory, Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur. The temperature, relative humidity and
photoperiod were maintained at 26+1°C, 80+5% RH and 12+1hours light a day respectively till the emergence of
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moth from the seed cocoon. The moths emerged generally in the morning at around 4 am. The trays, in which seed
cocoon were kept, were suddenly illuminated by light in the morning at 4 o’clock on 9% and 10% day of spinning.

The newly emerged moth, from seed cocoons, were quickly picked up and kept sex-wise in separate trays to
avoid copulation. The male moths were smaller and more active than the female moths. The whole grainage
operation was performed as per description given by (Krishnaswamy et al., 1973).

Incubation of eggs and hatching: The disease free laying (D.F.Ls), thus prepared, were treated with 2% formalin
for 15 minutes to increase the adhesiveness of eggs on the paper sheet, with the egg laid on, were thoroughly
washed with running water formalin and the eggs were dried in shade. The dried eggs were transferred to the
incubator for hatching.

Rearing of larvae: After two consecutive days of hatching, the silkworm larvae were collected with the help of
bird’s feather and reared to maintain a stock culture in the silkworm laboratory at 26+1°C, 80+£5% RH and 12+1
hour light a day. Four feeding of the small pieces of fresh and clean leaves of Morus alba were given to the larvae
and care was taken that food always remained in excess in the rearing trays. 3", 4" and 5" instar larvae were taken
for observation.

Experimental Design

To observe the effect of crushed garlic (4//ium sativum) bulb volatile on the pupal length and pupal duration of
(Bombyx mori L.). In the present study garlic volatile were taken experiment due to their antifungal, viral, bacterial
etc. activity and easily available in market withery low cost. The larvae obtain from the BOD incubator was kept
into a glass chamber with garlic volatile (5 ml pure garlic extract as liquid form) on the filter paper into a petridish.
In order to maintain volatile concentration with certain limit during the time of experiment, the petridish was
replaced after 15 minute. The experiments were performed with different time duration 15, 30, 45 and 60 minute
with respect to the treatment of 3™, 4% 5™ instar larvae. Three sets of experiments were designed viz, single double
and triple treatment of larvae.

Single treatment of larvae: Single treatment of larvae was performed at the initial stage of fifth instar larvae. Just
after fourth modulating 90 larvae of fifth instar at initial stage were taken out from the BOD incubator and treated
with garlic (4/lium sativum) volatile with 15 min exposure duration.
Double treatment of larvae: Double treatment of larvae was started from the initial stage of fourth instar. In the
first treatment 90 larvae of fourth instar, were taken out from the BOD incubator and treated with garlic (A/lium
sativum) volatile with 15 min exposure duration. The treated larvae were transferred in BOD incubator for rearing
and development. Further similar second treatment for the same larvae was given at the initial stage of fifth instar
larvae, thus, in double treatment fourth and fifth instar larvae were treated.
Triple treatment of larvae: For the triple treatment the third instar larvae in the initial stage were taken out from
BOD incubator. In the first treatment 90 larvae of third instar were treated with garlic volatile 15 min exposure
duration and kept in BOD for general rearing and development. The second treatment of the same larvae was done
just after third moulting i.e. at the initial stage of fourth instar larvae and transferred in BOD incubator for rearing.
Third treatment was given at initial stage of fifth instar, i.e. just after fourth moulting of the same treatment larvae
as earlier, Thus in the triple treated third, fourth and fifth instar larvae were treated.
Similar experiments were performed by 30, 45 and 60 minute exposure duration of garlic volatile. A control set
was always maintained with each set of experiments. All the parameters of observation in the present study were
determined from the respective stage obtained from treated larvae.
For determining the effect volatile exposure duration on pupal length and pupal duration of pupae the ripe worms
(fifth instar larvae when stop feeding), reared at 26+1 °C, 80+5% hours light a day, were put on mountages for
spinning. Thus, the formation of cocoon takes place and larvae changed in the pupal stage.
For determining the pupal length: The length of pupae (three bathes of 10 pupae in each batch) was recorded for
each replicate. Three replicate of each experiments were made. The cocoon shells were dissected to obtain pupae
and pupal length was taken on the 3" day of spinning. There replicates of each experiments were made.
For determining the pupal duration: The time required from the third day of spinning (formation of pupae) to
the emergence of moth was considered. For this purpose, 90 cocoons along with their pupae (three batches of 30
cocoons in each batch) were taken for observation. Three replicates of each experiment were made.
Statistical analysis: Results have been expressed as mean + SE of three replicates. Results were subjected to
analysis of variance by two-way ANOVA (Sokal and Rohlf, 1973) to detect significant changes and Post-hoc test
with help using MS Excel software.
RESULTS

Pupal length- The data presented in (table 1a) shows that change in the volatile exposure duration and number of
larval treatment influenced the pupal length. With the increasing number of larval treatment from one to three times,
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the pupal length increased in case of 15, 30, 45 minute exposure duration of garlic volatile but further increased
exposure duration caused notable decline in the pupal length. The trend of increase in the pupal length with
increasing number of larval treatment has been recorded to be almost similar in case of 15, 30, 45 minute exposure
duration. The maximum pupal length was noticed to be 2.25 + 0.012 cm (11.94 % increased as compared to control)
in case of triple treatment 45 minute exposure duration and minimum pupal length 1.17 £ 0.087 cm was recorded to
be in case of triple treatment of larvae by 60 minute exposure duration.

Two way ANOVA indicates that the volatile exposure duration significantly (P;< 0.01) influenced the pupal length.
While variation in number of larval treatment did not cause significantly effect. The Post —hoc test (table 1b, HSD =
0.2185) indicates significant group difference in pupal length. In double treatment of larvae significant group
difference was noticed in between 15 and 60 minute, 30 and 60 minute. In triple treatment of larvae significant
group difference was noticed in between control and 45 minute, 30 and 60 minute, 45 and 60 minute. In case of
single treatment there was no significant group difference.

Pupal duration- The data presented in (table 2a) shows that change in the volatile exposure duration and number of
larval treatment influenced the pupal duration. With the increasing number of larval treatment from one to three
times, the pupa duration decreased in case of 15, 30, 45 minute exposure duration of garlic volatile but further
increased exposure duration caused increased the pupal duration. The trend of decreased in the pupal duration with
increasing number of larval treatment has been recorded to be almost similar in case of 15, 30, 45 minute exposure
duration. The minimum pupal duration was noticed to be 8.15 + 0.474 days (16.92 % decreased as compared to
control) in case of triple treatment 45 minute exposure duration and maximum pupal duration 11.20 = 0.529 days
was recorded to be in case of triple treatment of larvae by 60 minute exposure duration.

Two way ANOVA indicates that the volatile exposure duration significantly (P;< 0.01) influenced the pupal
duration. While variation in number of larval treatment did not cause significantly effect. The Post —hoc test (table
2b, HSD =1.2114) indicates significant group difference in pupal duration. In double treatment of larvae significant
group difference was noticed in between 30 and 60 minute, 45 and 60 minute. In triple treatment of larvae
significant group difference was noticed in between control and 45 minute, control and 60 minute, 15 and 60 minute,
30 and 60 minute, 45 and 60 minute. In case of single treatment there was no significant group difference

Table 1a: Effect of volatile exposure on the pupal length (cm) of Bombyx mori pupae.

Stage of Volatile exposure duration (minutes) Fi-ratio
treatment Control 15 30 45 60 n=4
(larval instar) X1) X2) (Xs) (Xs) Xs)
Single 2.01+0.054 2.04+0.031 2.07+0.018 2.13+0.070 1.96+0.036
(5%) (100) (101.49) (102.99) (105.97) (97.51)
Double 2.01+0.054 2.06+0.040 2.12+0.018 2.21+0.012 1.85+0.037 9.6336*
(4th -5t (100) (102.49) (105.47) (109.95) (92.04)
Triple 2.01+0.054 2.09+0.053 2.17+£0.017 2.25+0.012 1.71£0.087
(3rd -4t _5th) (100) (103.98) (107.96) (111.94) (85.07)
F, —ratio = 0.0142"" n,=2
‘P<0.01

**Non Significant

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

X1, X2, X3, X4 and Xs are the mean values of pupal length in control, 15, 30, 45 and 60 minute exposure duration
respectively

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

Table 1b: Post-hoc test showing effect of volatile exposure on the pupal length (cm) of Bombyx mori pupae.

Mean difference in between groups Stage of treatment

Single Double Triple
Xi ~ X, 0.03 0.05 0.08
Xi ~ X3 0.06 0.11 0.16
X1 ~ Xy 0.12 0.20 *0.24
Xi ~ Xs 0.05 0.16 0.30
X; ~ X3 0.03 0.06 0.08
Xz ~ Xy 0.09 0.15 0.16
X; ~ X5 0.08 *0.21 0.38
X; ~ Xy 0.06 0.09 0.08
X; ~Xs 0.11 *0.27 *0.46
Xy ~Xs 0.17 0.36 *0.54
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Honesty significant difference (HSD)

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

n = No. of replicates

* = Shows significant group difference
X1, X2, X3, X4and Xs are the mean values of pupal length in control, 15, 30, 45 and 60 minute exposure duration

respectively

Table 2a: effect of volatile exposure on the pupal duration (days) of Bombyx mori pupae.

Stage of treatment

(larval instar) Control
Xy)
Single 9.81+£0.714
(5") (100)
Double 9.81+0.714
( 4th _gth ) (100)
Triple 9.81+0.714
( 3rd- 4th _sth ) (100)
F, —ratio = 0.2729
P <0.01

**Non Significant

Fatmaetal, 2014

MS within

n

—
5 DE-II 0.00562

wﬁl 3
0.2185

Volatile exposure duration (minute)

15
(X2)
9.58+0.422
(97.66)
9.37+0.157
(95.51)
9.29+0.072
(94.70)

n = 2

30 45
(X5) (Xy)
9.4+0.348 9.29+0.205
(95.82) (94.70)
9.16+£0.110 8.84+0.200
(93.37) (90.11)
8.84+0.533 8.15+0.474
(90.11) (83.08)

Each value represents mean = S.E. of three replicates
X1, X2, X3, X4 and Xs are the mean values of pupal duration in control, 15, 30, 45 and 60 minute exposure duration

respectively

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

60
(Xs)
10.15+0.360
(103.47)
10.37+£0.336
(105.71)
11.20+0.529
(114.17)

F;-ratio
n= 4

8.3863*

Table 2b: Post-hoc test showing effect of volatile exposure on the pupal duration (days) of Bombyx mori.
Mean difference in between groups

X~ X,
Xi ~X3
X~ Xy
Xi~Xs
X~ X3
X~ Xy
X~ X5
X5~ Xy
X;~ X5
Xs~Xs

Honesty significant difference (HSD)

MS = Mean square value of ANOVA Table

q = Studentized range static
n = No. of replicates

* = Shows significant group difference

Stage of treatment

Single Double
0.230 0.440
0.410 0.650
0.520 0.970
0.340 0.560
0.180 0.210
0.290 0.530
0.570 1.000
0.110 0.320
0.750 *1.210
0.860 *1.530
—
5 DEII 0.17284
\I 3
=1.2114
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Triple
0.520
0.970
*1.660
*1.390
0.450
1.140

*1.910
0.690

*2.360

*3.050
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X1, X2, X3, X4and Xs are the mean values of pupal duration in control, 15, 30, 45 and 60 minute exposure duration
respectively.
DISCUSSION

Volatile and particular biogenic volatile compound (VOCs) is everywhere. They directly and indirectly
influence the lives of many plant and insect species, and human beings in many ways. Variation in volatile (4//ium
sativum) exposure duration and the number of larval treatment influenced the pupal length, with the increasing
number of larval treatment from one to three times. The pupal length increased in case of 15, 30 and 45 minute
exposure of 4. sativum volatile but in case of 60 minute 4. sativum volatile exposure caused adverse effect on the
pupal length with increase in the number of larval treatment from single to triple. The maximum pupal length was
noticed in case of triple treatment of larvae at 45 minute 4. sativum volatile exposure and the minimum pupal length
was recorded in case of triple treatment of larvae at 60 minute 4. sativum volatile exposure duration. The silkworm
Chinese strain and Japanes strain have more pupal length than normal (Alimurong, 1986). Large pupal size or
weight has been associated with greater longevity (Bloem et al., 1994). The puparial length increased as puparial
weight increased (Alfredo et al., 2006). Relationship between pupal length, width or size and weight of female
pupae of Bombyx mori were noticed (Rithinam et al., 1991). The morphometric growth of mean length, width and
weight of the pupae of B. mori fed with Vitamin C treated MR2 leaves were found to be more than that of the larvae
fed with control MR2 leaves (Balasundaram et al., 2013). Mulberry leaves sprayed with linseed oil, hemp oil and
milk influenced the length and weight of larvae, pupae, raw cocoon, and shell weight parameter (Zah et al., 2011).
8% cocoon weight and three time larval weight increased when mulberry leaves treated with bovine milk (Konala et
al., 2013). Treatment of phytoecdysteroid influenced the pupal length of mulberry silkworm (Bombyx mori L.)
(Upadhyay and Pandey, 2012).

Variation in volatile (Allium sativum) exposure duration and the number of larval treatment influenced the
pupal duration. With the increasing number of larval treatment from one to three times. The pupal duration
decreased in case of 15, 30 and 45 minute exposure of 4. sativum volatile exposure but in case of 60 minute A.
sativum volatile exposure caused adverse effect on the pupal duration with increase in the number of larval treatment
from single to triple. The minimum pupal duration was noticed in case of triple treatment of larvae at 45 minute A.
sativum volatile exposure and the maximum pupal duration was recorded in case of triple treatment of larvae at 60 minute
A. sativum volatile exposure duration. The pupal duration of Bombyx mori has been noticed to be influenced by the change
in varieties of mulberry, given as a food of larvae (Bheemanna et al., 1989). Dietary administration of the vertebrate sex
hormone reduces pupal duration (Khan et al., 1997). Larvae of Bombyx mori were reared on various kinds of dietary
protein (soybean, mushroom and mixture of them) using as semi-artificial diet effected the pupal duration (Mona M.
Mahmoud, 2013). The pupal period of control larvae 10.28 days was extended to 11.34 days and 13.42 days at higher
concentrations of Dichlorovos and Vijay neem pesticides (Kumutha et al., 2013). Ecological factors as temperature,
humidity, photoperiod influenced the pupal duration (Upadhyay and Gaur, 2002). The temperature and humidity in rainy
season influenced the pupal duration of B. mori. (Mohamed et al., 2013). Phytoecdysteroid reduces larval as well as pupal
duration (Trivedy et al., 2003; Upadhyay and Pandey, 2012). Treatment of synthetic juvenoid R394, caused prolongation
in the pupal duration (Nair et al., 2004). A juvenile hormone mimic R394, when topically applied on the abdomen tergum
of silkworm, improved the pupal duration (Gangwar, 2009). Variation in refrigeration period of silkworm eggs caused
considerable influence on the pupal duration of Bombyx mori. (Pandey and Upadhyay, 2001). Environmental conditions
during embryonic development not only affect the diapauses nature of eggs but also affected pupal duration of Bombyx
mori L. (Kai et al., 1971). Pupal period was prolonged up to a maximum of 68 days at 7.5°C Antheraea assamensis helfer
(RajKhowa et al., 2011).

In the present investigation, pupal length increased and pupal duration decreased with increasing the number of
treatment with different exposure duration of garlic volatile, thus it may be concluded that larvae treated with garlic
volatile have maximum pupal length and minimum pupal duration, it may be possible due to decreasing the
microbial pathogens causing silkworm diseases and increasing the feeding behavior of silkworm larvae.
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