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Abstract

The rearing of silkworm was conducted by fed with wastewater irrigated Mulberry leaves at the
Department of Sericulture, Forest College and Research Institute, Mettupalayam during 2018-19.
Silkworm larvae fed with reeling wastewater irrigated leaves showed maximum larval weight of 3.70 g
and highest effective rate of rearing of 97.78%. The more cocoon weight of 1.77 g, shell weight of 0.39
g and cocoon shell ratio of 22.03% was recorded at 25% concentration of wastewater. The reeling
parameters like filament length of 1350.37 m, filament weight of 378 mg, denier of 2.59, raw silk
percentage of 23.25% and silk productivity of 7.0 cg/day were also observed at 25% concentration of
reeling wastewater application. Among the treatments, reeling wastewater was significantly different
when compared to other treatments.

Keywords: Cocoon weight, shell weight, shell ratio, filament length, filament weight, denier, raw silk
percentage, silk productivity

Introduction

The mulberry silkworm Bombyx mori L. belonging to the family Bombycidae. They feed
solely on leaves of mulberry (Morus alba L). Therefore, the quality and quantity of mulberry
leaf have an intimate relation with the health of silkworm and quality silk production
(Vidyasagar and Kotesha, 2003) 6. Humans have immensely benefited from silk produced
by silkworms and sub-sequently researchers have always been trying to unveil the factors
that can be manipulated to the benefit of the silkworm rearers (Nair et al. 2004) 1, The major
factors which determine the productivity and profit-ability in sericulture are yield and quality
of mulberry leaves (Krishnaswami, 1978) 1. The growth and development of silkworm and
the economic characters of cocoon are influenced to a great extent by the nutritional content
of mulberry leaf and this in turn influences silk production. Several reports are available on
the evaluation of mulberry varieties through silkworm rearing performances.

In Mulberry, morphological traits such as plant height, number of shoots/plant, number of
nodes/meter length, leaf yield, shoot yield and biological yield/plant, physiological traits, i.e.
photosynthetic rate, transpiration rate, water use efficiency and total chlorophyll content;
biochemical traits, i.e. total protein, sugar, starch and amino acid contents in both the S-54
and M5 also improve the silkworm growth and cocoon parameters increased in sewage
wastewater treated plant compared to bore well water irrigated plant assessed by
(Chikkaswamy et al., 2014) [,

Materials and Methods

Bioassay of silkworm (Bombyx mori L)

The third instar larvae after second moulting were used for experimental purpose. The larvae
were fed with known quantity of treated leaves. For each treatment 450 worms (30 worms
per replication) were reared. The following observations were recorded during the rearing of
silkworms.
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Larval characters
Mature larval weight (g)
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Table 1: Effect of rearing parameters of silkworm race fed with Mulberry leaves raised through reeling wastewater application

Vinstar | Effective | Cocoon Shell Cocoon -| Pupal Filament Filament Raw silk Silk
Treatments| larval rate of weight weight (g) shell | weight length (m) weight | Denier | percentage | productivity
weight (g)|rearing (%0)| (g) 9Nt@ ratio (9) g (mg) (%) (cg/day)
TlV-V%/S% 3.702 97.78? 1.778 0.392 22.03* | 1.428 | 1350.372 3782 2.592 23.252 7.0
- 0,
TP | 37 | 0333 | 167 | 030° | 17.96° | 120° | 120187 | 3728 [250% | 2168° 6.40
- 0,
T % | 363 | seeet | 158 | 027 | 1764° | 127 | 1287370 | 336" | 2.44% | 21267 6.2
- 0,
Ta V\}\?VOA] 3.37° 81.63¢ 1.53¢ 0.27¢ 17.08° | 1.24° | 1255.49° 311° 2.34¢ 20.32¢ 5.8¢
Ts— Control|  3.20° 80.00¢ 1.51¢ 0.21¢ 13.90¢ | 1.25° | 1100.62° 299¢ 2.22¢ 19.80° 5.2¢
Mean 3.51 87.88 1.6 0.28 17.72 1.29 1257.14 340 2.42 21.26 6.12
SE (d) 0.07 1.85 0.031 | 0.0048 0.17 0.018 25.74 3.9 0.05 0.28 0.13
CD (0.05) | 0.15** 3.96** | 0.066** |0.0102**| 0.37** |0.039** | 54.87** | 8.31** |0.12**| 0.61** 0.28**

*Significant with each other,

**Highly significant each other

Each value is the mean of four replications.

Mean followed by same alphabets are on par with each other

Larval weight was recorded on the 5" day of V instar. The
weight of 10 randomly selected larvae from each treatment
was taken and weighed with an electronic balance and then
mean was expressed in gram.

Effective rate of rearing (%)

On the third day of spinning, the total number of cocoons
formed in each treatment was recorded and E.R.R. was
worked out based on the number of healthy worms that spun
the cocoon to the total worms reared.

Number of cocoonsharvested Number of cocoonsharvested

¥ 100

ERR (%)= X 100

Number of worms Number of worms

Cocoon characters

Cocoon weight (g)

Cocoon weight is the continuous loss of weight from the
time of its completion till the emergence of the moth. After
complete spinning of the cocoons, 10 cocoons were
randomly selected and weighed.

Shell weight (g)

Shell weight means the shell that yields the silk for reeling.
The shell weight was recorded from 10 randomly selected
cocoons by cutting open the cocoons.

Cocoon - shell ratio (%)

It is the ratio between the shell weight and the cocoon
weight. The cocoon -shell ratio was determined by using the
following formula.

Weight of the shell weight (g)Weight of the shell weight (g) % 100
Cocoonweight (g)

Cocoon - shell ratio =

Cocoon weight (g)

Pupal weight (g)
The pupal weight was recorded from 10 randomly selected
cocoons and mean was expressed in grams.

Reeling parameters

After complete spinning (5 days), 10 cocoons were
randomly selected from each replication and they were
reeled. The reeling parameters are as follows.

Silk cocoon filament length (m)

It is the total length of the reelable silk bave in the cocoons.
Five cocoons from each replication were reeled on
epprouvette and the filament length was determined by the
following formula.

L=R x 1.125R X 1.125

Where, L = total cocoon length of the silk filament (m)
R = number of revolutions recorded by epprouvette
1.125 = circumference of epprouvette in meter

Denier

Denier represents the size of the filament from the
beginning to the end of the reeling. The thickness of the silk
was calculated by using the following formula,

Denier ='°f x 90007 x 9000

Where, D = Denier

W = Weight of single cocoon filament (g)
L = Length of single cocoon filament (m)
9000 = Constant value

Raw silk percentage (%0)
The raw silk percentage was calculated by adopting the
formula,

Raw silk percentagez Weight of raw silk reeled Weight of raw zilk reeled %100

Weight of cocoon or shellWeight of cocoon or shell

Renditta

Renditta represents the number of cocoons required for
production of one kilogram of silk. The renditta was
calculated by using the following formula,

Fresh cocoonweight (g)Frezh cocoon weight (g)

Renditta =

weight of raw silk (g)  weight of raw =ilk (g)

Silk productivity (cg/day)
The silk productivity was calculated using the formula,
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shell Weight (cg) shell Weight (cg)
Fifthinstar larval durstion (days)Fifth instar larval duration (days)

Silk productivity (cg/day) = %100
Results

Larval parameters

V instar larval weight (g)

Significant difference in V instar larval weight was observed
by fed with Mulberry leaves raised with application of
reeling wastewater at different concentrations (Table 1).
Among the treatments, T1-25% concentration of wastewater
recorded the highest larval weight of 3.70 g in reeling
wastewater followed by treatment T, -50% concentration of
wastewater recorded the larval weight of 3.67 g in reeling
wastewater. The lowest larval weight of 3.20 g was
observed in reeling wastewater under the treatment Ts - tap
water application.

Effective rate of rearing (%0)

Among the treatments, Ti— 25% concentration of
wastewater recorded the effective rate of rearing of 97.78%
in reeling wastewater followed by T, — 50% of wastewater
recorded the effective rate of rearing of 93.33% in reeling
wastewater. The lowest effective rate of rearing of 80.00%
was recorded in reeling wastewater under the treatment Ts-
tap water application.

Cocoon parameters

Cocoon weight (g)

Among the treatments, T: - 25% concentration of
wastewater recorded the highest cocoon weight of 1.77 g in
reeling wastewater followed by T,- 50% of wastewater
recorded the cocoon weight of 1.67 g in reeling wastewater.
The lowest cocoon weight of 1.51 g was recorded in reeling
wastewater under the treatment Ts- tap water application.

Shell weight (g)

Along the treatments, T:— 25% concentration of wastewater
was recorded the highest shell weight of 0.39 g in reeling
wastewater followed by T,- 50% concentration of
wastewater recorded the cocoon weight of 0.30 g in reeling
wastewater. The lowest shell weight of 0.21 g was recorded
in reeling wastewater under the treatment Ts- tap water
application.

Cocoon - shell ratio (%)

Among the treatments, T1- 25% concentration of wastewater
recorded the cocoon shell ratio of 22.03 in reeling
wastewater followed by T»- 50% concentration of
wastewater recorded the cocoon shell ratio of 17.96 in
reeling wastewater. The lowest cocoon shell ratio of 13.90
was recorded in reeling wastewater under the treatment Ts—
tap water application.

Pupal weight (g)

Among the treatments, T1- 25% concentration of wastewater
recorded the pupal weight of 1.42 g in reeling wastewater
followed by T»- 50% concentration of wastewater recorded
the pupal weight of 1.29 g in reeling wastewater. The lowest
pupal weight of 1.25 g was recorded in reeling wastewater
under the treatment Ts- tap water application.

Silk reeling parameters
Filament length (m)
Among the treatments, Ti;- 25% concentration of
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wastewater recorded the filament length of 1350.37 m in
reeling wastewater followed by T, - 50% concentration of
wastewater recorded 1291.87 m in reeling wastewater. The
lowest filament length of 1100.62 m was recorded in reeling
wastewater under the treatment Ts - tap water application.

Filament weight (mg)

Among the treatments T1 - 25% concentration of wastewater
recorded the filament weight of 378 mg in reeling
wastewater followed by T, - 50% concentration of
wastewater recorded the filament weight of 372 mg in
reeling wastewater. The lowest filament weight of 299 mg
was recorded in reeling wastewater under the treatment Ts -
tap water application.

Denier

Among the treatments T1- 25% concentration of wastewater
recorded the denier of 2.59 in reeling wastewater followed
by T»- 50% concentration of wastewater recorded the denier
of 2.52 in reeling wastewater. The lowest Denier of 2.22
was recorded in reeling wastewater under the treatment Ts-
tap water application.

Raw silk percentage (%0)

Among the treatments, T1- 25% concentration of wastewater
recorded the raw silk percentage of 23.25% in reeling
wastewater followed by T»- 50% concentration of
wastewater recorded the raw silk percentage of 21.68% in
reeling wastewater. The lowest raw silk percentage of
19.80% was recorded in reeling wastewater under the
treatment Ts - tap water Application.

Silk productivity (cg/day)

Among the treatments, Ti: - 25% concentration of
wastewater recorded the silk productivity of 7.0 cg/day in
reeling wastewater followed by T, - 50% concentration of
wastewater recorded the silk productivity of 6.4 cg/day in
reeling wastewater. The lowest silk productivity of 5.2
cg/day was recorded in reeling wastewater under the
treatment Ts - tap water application.

Discussion

Impact of different wastewater irrigated leaves on
silkworm bioassay

Silkworm larval parameters

In fifth instar, larval weight was significantly increased in
25% concentration of reeling wastewater. The treatment of
25% concentration of wastewater recorded the highest larval
weight of 3.70 g in reeling wastewater. Among the
treatments, T1 — 25% concentration of wastewater recorded
the effective rate of rearing of 97.78% in reeling
wastewater. Bongale and Krishna (2000) ™ reported that the
sewage wastewater rich in organic carbon, nitrogen,
phosphorus, potassium, calcium, magnesium, sulphur and
micro-organisms helps to secrets essential hormones and
nutrients and there is no adverse effects were observed when
silkworm fed with sewage wastewater irrigated Mulberry
leaves.

The present findings strengthened with the results of Dubey
et al. (2006) ™ and reported that the usage of sewage
wastewater for application enhances the growth,
metabolism, and physiological activity of Mulberry which
might be improved the leaf quality alternatively increased
silkworm growth and cocoon productivity. Similar results
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were obtained other spent wash application on M5 variety of
Mulberry leaves.

The enhanced nutrients in the Mulberry leaves influenced
the better growth of silkworms (Chandraju et al. 2011) 1.
Wastewater irrigated Mulberry leaves had significantly
increased moisture content, crude protein, total nitrogen,
carotenoid, chlorophyll ‘a’, chlorophyll ‘b’ and total
chlorophyll content. Hence, the maximum larval weight and
the highest effective rate of rearing was recorded wastewater
treatments when compared to control due to increased

qualitative traits of treated Mulberry leaves.

Cocoon parameters

In the present study, a maximum cocoon weight of 1.77 g in
reeling wastewater at 25% concentration. Similarly, the
shell weight of 0.39 g in reeling wastewater was recorded at
25% concentration of wastewater. The cocoon shell ratio of
22.03% was recorded in reeling wastewater and pupal
weight of 1.42 g was recorded in reeling wastewater in 25%
concentration of wastewater. When silkworm larvae fed on
treated Mulberry leaves increased the economic traits of
cocoon viz., cocoon weight, shell weight, shell ratio and
pupal weight under the recommended dosage of wastewater.
More cocoon weight, shell weight followed by shell ratio is
responsible for an increase in the filament length. This
might be due to lower concentrations of different
wastewater were rich in proteins, sugars, phenols and
chlorophyll pigments of treated leaves compared to bore
well water irrigated garden. The present results falls in line
with Bongale and Krishna (2000) [ and reported that the
overall cocoon yield was increased by feeding of sewage
irrigated Mulberry leaves to silkworm due to the presence of
higher amount of phosphorus and potassium in treated
Mulberry leaves.

The leaves harvested from the Mulberry plant grown under
lowest concentration of wastewater, significantly influenced
the economic traits of the cocoon. This might be due to the
presence of essential nutrients in the leaves required by the
silkworm for robust growth and development.

Silk reeling parameter

Among the treatments T1 - 25% concentration of wastewater
recorded the filament length of 1350.37 m in reeling
wastewater. Similarly, among the treatments T; - 25%
concentration of wastewater recorded the filament weight of
378 myg in reeling wastewater. Among the treatments T; -
25% concentration of wastewater recorded the denier of
2.59 in reeling wastewater and among the treatments, Ty -
25% concentration of wastewater recorded the raw silk
percentage of 23.25% in reeling wastewater. Among the
treatments, T1 - 25% concentration of wastewater recorded
the silk productivity of 7.8 cg/day in reeling wastewater.
This might be due more of nutrients in diluted wastewater,
more nutrient uptake by the Mulberry plant which in turn
improved the leaf quality parameters which enhances the
silk protein synthesis in silkworm body ultimately increased
the silk reeling parameters viz., filament length, filament
weight, denier, raw silk percentage and silk productivity that
helps to produce better quality of silk.

Conclusion

The treatment of 25% concentration of wastewater recorded
the highest larval weight of 3.70 g in reeling wastewater.
Among the treatments, Ti— 25% concentration of
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wastewater recorded the effective rate of rearing of 97.78%
in reeling wastewater. In present study, at 25%
concentration recorded the highest cocoon weight of 1.77 g
in reeling wastewater. Similarly, the shell weight of 0.39 g
in reeling wastewater was recorded at 25% concentration of
wastewater. The cocoon shell ratio of 22.03% in reeling
wastewater was observed and pupal weight of 1.42 g was
recorded reeling wastewater in 25% concentration of
wastewater. Among the treatments T1- 25% concentration of
wastewater recorded the filament length of 1350.37 m in
reeling wastewater. Similarly, among the treatments Ti-
25% concentration of wastewater recorded the filament
weight of 378 mg in reeling wastewater. Among the
treatments Ti- 25% concentration of wastewater recorded
the denier of 2.59 in reeling wastewater and among the
treatments Ti- 25% concentration of wastewater recorded
the raw silk percentage of 23.25% in reeling wastewater.
Among the treatments, T1- 25% concentration of wastewater
recorded the silk productivity of 7.0 cg/day in reeling
wastewater.
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