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Oral supplementation of zinc chloride to silkworm lar-
vae in different concentrations (30, 60 and 90 pg/ml) to
the fourth and fifth instar resulted in a significant
increase in commercial traits, like larval weight, silk
gland weight, cocooning percentage in lower concen-
trartion (30 pg) treated group. The female cocoon
weight, shell weight and its ratio were significantly
increased in 30 and 60 Jg treated groups, male cocoon
weight, and shell weight in 30 pg treated group and its
ratio in 60 and 90 pug treated groups, filament length,
weight and moth emergence percentage in all the
treated groups and egg productivity in 90 pug treated
group were increased significantly. The remaining
groups did not show any significant changes compared
with that of carrier control.
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Introduction

Mulberry silkworm, Bombyx mori (Lepidiptera: Bomby-
cidae) in particular is a very sensitive and choosy for its
food habit (Sengupta, 1990). Silkworms requires certain
essential sugars, proteins, amino acids, fatty acids, vita-
mins and micro nutrients for its normal growth, survival
and for growth of silkgland and higher production of good
quality silk. Silkworm nutrition is considered as the major
area of research from the scientific point of view. It has
been suggested that the supplementation with minerals
play a vital role in the larval development and cocoon
characters (Horie et al., 1967; Ito and Niminura 1966;
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Loknath et al, 1986; Vishwanath and Krishnamuthy
1982). House (1974) reported that magnesium, calcium,
Phosphorous, potassium, iron, manganese and zinc were
essential salt elements required by B. mori.

Oral supplementation with copper sulphate, nickel chlo-
ride and potassium iodide in different concentrations to
polyvoltine pure Mysore breed of the Silkworm, B. mori
(Magadum, 1987), cupric chloride, zinc chloride, mang-
nese and copper sulphates to eri silkworm Philosomia
ricini (Padaki, 1991) increased the economic parameters
and larval weight respectively.

Feeding with calcium, magnesium, manganese sul-
phate, iron, potassium iodide and iodized salt, zinc, nickel,
manganese and ferrous sulphate to silkworm have shown
to increase the commercial characters and decrease the
larval duration (Bajpayi et al., 1991; Qudar et al,1993;
Islam and Khan, 1993; Chamundeshwari and Radhakrish-
niah, 1994; Sarkar er al., 1995).

Oral supplementation of zinc chloride to bivoltine NB4D,
and potassium, magnesium and ferrous sulphates to silk-
worm showed significant increase in the larval, cocoon and
post-cocoon traits (Balamani ez al, 1995, Nirwani, 1995). It
is well known that zinc is an essential element and it has a
key role in the growth process. Hence, an attempt has been
made to study the effect of zinc chloride on the commercial
traits of the bivoltine (NBg) silkworm, B. mori.

Materials and Methods

The disease free layings (DFLS) of the bivoltine race
NB; of the silkworm larvae were obtained from Sericul-
ture Grainage, Rayapur, Dharwad district, Karnataka and
reared in the laboratory according to the improved method
of rearing techniques (Krishnaswami, 1978). The fourth
instar larvae were randomly grouped into five experimen-
tal groups. Each group consisted of five replications each
of 20 silkworms.
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The chemical zinc chloride procured from E-merck
(India) limited, Worli, Bombay, was individually dis-
solved in distilled water and diluted in three concentra-
tions (30, 60 and 90 pg/ml). The zinc chloride was
uniformly sprayed on fresh mulberry leaves with each
concentration and then the leaves were dried and fed to the
silkworm alternately with untreated mulberry leaves out
of four feedings per day (two feedings treated leaves +
two feeding untreated leaves). The controls were fed with
the leaves, sprayed with distilled water and normal leaves.

The larval, cocoon and post-cocoon parameters were
recorded separately. The larval parameters such as larval
and silkgland weights were recorded before commence-
ment of the spinning activity. The larval duration was
recorded from the day of hatching to till the completion of
the spinning activity. The cocoon parameters such as
female and male cocoon weights and their shell weights
were recorded on the 5™ day after the completion of spin-
ning activity. Filament length was recorded with
epprovette by reeling single cocoon. The reeled silk was
dried in hot air oven and weight was taken in an electrical
balance. The cocoon shell ratio, and denier of the filament
was calculated. The egg productivity was recorded in the
adult after mating. The cocooning, moth evergence and

Table 1. Effect of zine chloride ontraits of the silkworm, B. mori

hatching percentage were also calculated by the formulas
shown bellow. Each mean value, a record of 10 observa-
tions is shown in Tables 1, 2 and 3. The experiments were
conducted twice to conclude the results.

. Number of cocoon formed
Survival percentage= x 100
Total number of larva kept

Shell weight

—— % 100
Cocoon weight

Coocon shell ratio =

Single cocoon filament weight (gm)

Denier = X 9000
emet Single cocoon filament length (mt)
Number of moth emerged
Moth emergence percentage = x 100
Number of cocoon kept

Total ber of hatched
otal number of eggs hatche % 100

Hatching percentage =
EP € Total number of eggs laid

The data collected were subjected to analysis of vari-
ance test to find out the significance between the param-
eters of the untreated and treated groups (Snedecor and

Treatment Dose (ug/ml)  Larval weight (g) Silkgland weight (g) Larval Duration (hrs) Survival percentage (%)
4.52* 1.39% 618 98.1
Zine chloride 30 82.1%*
(107) (112) 99) (103)
4.49 1.36 620 96.3
Zine chloride 60 78.8**
(106) (109) 99) (101)
4.32 1.31 618 95.8
Zine chloride 90 78.0%%*
(102) (106) 99) (101)
Distilled 4.21 1.4 621 94.4
Carrier control water 76.3%
(100) (100) (100) (100)
4.11 1.08 628 934
Normal - 75.1%
CH)) (87) (101) (98)
(NS) (S (NS) (S
S.EEM. t 0.157 0.074 10.879 1.617
C.D.at5% 0.306 0.144 20.091 2.986

*: Significant increase/decrease at 5%
*#:. Angular transformed values

S: Significant

NS: Non significant

S. E. M. #: Standard error mean

C. D.: Critical difference

Percent increase/decrease over that of carrier control in parenthesis.
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Table 2. Effect of zinc chloride on cocoon traits of the sitkworm, B. mori

Dose Female cocoon Female cocoon Female cocoon Male cocoon  Male cocoon  Male cocoon

Treatment (ug/ml) weight (g) shell (cg) shell (%) weight (g) shell (cg) shell (%)
1.76 33.9 19.3 1.39% 26.1% 18.8

Zine chloride 30 23.81%*
(109) (108) (100) (105) (112) 107)
1.76* 34.2 194 1.36 25.0 18.4%

Zine chloride 60 24,95%%* 24 95%%*
(109) (109) (100) (102) (108) (105)
1.68 30.8 18.3 1.34 24.5 18.3

Zine chloride 90 24.80%* 25.48%%*
(104) (98) (94) (101) (106) (105)
Distilled 1.61 31.3 194 1.32 23.1 17.5

Carrier control water 23.97%* 23.19**
(100) (100) (100) (100) (100) (100)
1.59 28.3 17.8 1.27 18.1 14.3

Normal - 24.04%* 21.13%*
99) (90) 92) (96) (78) (82)

(S) (S) (S) (S) (S) (S)

S.EEM. %+ 0.076 0.012 0.839 0.036 0.013 0.665
C.D.at5% 0.148 0.024 1.629 0.070 0.025 1.291

*: Significant increase/decrease at 5 %

**: Angular transformed values

S: Significant

NS: Non significant

S. E. M. %: Standard error mean

C. D.: Critical difference

Percent increase/decrease over that of carrier controls in parenthesis.

Table 3. Effect of zinc chloride on the cocoon and post cocoon traits of the silkworm, B. mori

Treatment Dose Filament Filament Deneir  Moth emergence  Egg producivity Hatching
(ug/ml) length (m)  weight (cg) (d) (%) (No. s) percentage (%)
1.139* 38.2% 3.02 91 562 97
Zine chloride 30 72.64%* 80.02**
(170) (184) (107) (102) (102) aon
1.092* 31.3 2.58 95 573 97
Zine chloride 60 77.21%* 80.54%*
(163) (150) 92) (107) (104) (101)
962 30.6* 2.86% (95) 651 (96)
Zine chloride 90 77.21%* 78.46%*
(144) (147) (02) (107) (118) (100)
Distilled 667 20.8 2.81 89 550 96
Carrier control water 70.27** 78.46%*
(100) (100) (100) (100) (100) (100)
656 20.8 2.85 87 517 96
Normal i - 60.61%* 70.75%*
(98) (100) (101) 97 (94) (98)
(S) (S) (S) (S) (S) (S)
S.E.M. % 45.70 0.007 0.836 0.882 39.241 1.139
C.D.at5% 84.39 0.014 0.160 1.629 72.422 2.104

*: Significant increase/decrease at 5%

**: Angular transformed values

S: Significant

NS: Non significant

S. E. M. *: Standard error mean

C. D.: Critical difference

Percent increase/decrease over that of carrier controls in parenthesis.



78 I. I. Hugar and B. B. Kaliwal

Cochron, 1967). The percent values for cocooning, female
and male cocoon shell ratio and hatching percentage were
transformed into sine angular values for statistical anal-
ysis. The percent index was calculated for each parameter
of the experimental groups over that of the corresponding
parameters of the control.

Results and Discussion

The data on the effect of zinc chloride on the commercial
traits of the bivoltine (NBig) silkworm are presented in
Tables 1, 2 and 3.

Larval weight

Larval weight did not show any significant changes in
three concentrations except in 30 pug/ml treated group
where the larval weight is significantly increased when
compared with that of the carrier control. Similar increase
in larval weight with low concentration of zinc was
reported in B. mori (Chamundeshwari and Radhakrish-
naih, 1994; Balamani et al., 1995).

Silkgland weight

There was no significant change in the wet weight of the
silkgland in all the three concentrations except in 30 pg/
ml treated group where the silkgland weight is significant
increase when compared with that of the carrier control.
Similar results of increased silkgland weight obtained
with cobalt chloride in nistari race (Bhattacharyya and
Medda, 1978), potassium iodide, copper sulphate and
nickel chloride in pure Mysore breed of B. mori (Maga-
dum, 1987), with rain water containing dissolved calcium,
magnesium, iron, chloride and calcium carbonate in trace
amount (Thangavelu and Bania, 1990), potassium nitrate
in nistari race (Dasmahapatra ef al., 1989). The increased
silkgland weight with lower concentration of zinc chloride
might possibly be due to the stimulatory effect on protein
synthetic activity of the silkgland as in case of larval
growth.

Larval duration

There was a slight decrease in the larval duration but the
decrease was not significant. However, decrease in the lar-
val duration has been reported after supplementation with
potassium iodide in nistari race of B. mori (Chakraborthi
and Medda, 1978; Majumdar, 1982), potassium and fer-
rous sulphates in bivoltine NB4D, race of B. mori (Nir-
wani and Kaliwal, 1995).

Survival percentage
There was no significant change in survival percentage in

all the concentrations of zinc chloride treated groups
except for low dose (30 ug) in which the survival per-
centage is significantly increased. It has been reported that
the survival percentage of the larvae was higher after sup-
plementation with copper sulphate, nickel chloride and
potassium iodide in pure Mysore breed of silkworm, B.
mori (Magadum, 1987). Nirwani (1995) has reported that
the supplementation with potassium and magnesium sul-
phates significantly increased the survival percentage. In
the present study, at low concentration of zinc chloride (30
ug) showed significant increase in the survival percentage
there by suggesting the increased survival rate of the lar-
vae, whereas no significant change in the remaining
groups suggesting that there is no side effect of this chem-
ical on the larvae.

Cocoon weight, shell weight and shell ratio
Oral supplementation with 30 and 60 ug zinc chloride
significantly increased the female cocoon weight when
compared with that of carrier control. In males, the
cocoon weight and its shell weight significantly increased
with 30 pg zinc chloride treated group. Male cocoon shell
ratio was also increased with in 60 and 90 ug treated
groups.

The treatment with low concentration of zinc chloride is
reported to increase the cocoon weight and shell weight in

-PM X NB,D, race of B. mori (Chamundeshwari and

Radhakrishnaiah, 1994; Balamani et al., 1995). Supple-
mentation with 30 pg zinc chloride in female and 60 and
90 ug in male significantly increased the shell ratio. It is
suggested that low dose zinc chloride is more effective in
increasing the cocoon traits. The results also seem to sug-
gest that female and male respond differently with this
chemical in their diet. However, mulberry leaves were not
chemically analysed for the concentration of this chemical
in them.

Length and weight of silk filament and its denier
There was significant increase in the filament length and
weight in all the concentrations of zinc chloride treated
groups when compared with those of the corresponding
parameters of the carrier control. The longest filament
length with heavier weight was obtained with 30 pg zinc
chloride treated group. Similar increase in length of the
filament is reported after supplementing the feed with low
concentration of zinc and nickel chlorides in PM x NB,D,
race {Chamundeshwari and Radhakrishnaiah, 1994), zinc
in NB,; D, race (Balamani et al., 1995).

The denier values increased in all zinc chloride treated
groups except for the group treated with 60 g zinc chlo-
ride. The increased denier values may suggest the
increased fineness of the silk filament.
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Moth emergence percentage

There was a significant increase in the moth emergence
percentage in all the treated groups. Similar results were
reported after feeding mulberry leaves soaked in potas-
sium sulphate to the bivoltine race of B. mori (Nirwani,
1995). It is suggested that the survival rate of the pupae
was significantly increased and it is might be due to non-
toxic effect of this chemical in the pupal stage.

Egg productivity

There was no significant change in the egg productivity
except for the group treated with 90 ug zinc chlorode
where the egg productivity is significantly increased. Sim-
ilar increase in egg productivity is reported after supple-
menting the feed with potassium iodide in nistari race
(Majumdar, 1982), a pure Mysore breed (Magadum,
1987), with rain water and minerals in B. mori (Thangav-
elu and Bania, 1990; Subburathinam and Chetty, 1991),
and potassium and magnesium sulphates in bivoltine
NB.D, race of the silkworm, B.mori (Nirwani, 1995).

Hatching percentage

There was no significant change in the hatching percentage
in all the zinc chloride treated groups when compared with
carrier control. This indicates that the used concentrations
had no advers effect on the egg hatching percentages.
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