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Abstract

The viability of sericulture is intrinsically linked to the well-being of the silkworm, Bombyx mori L., and the nutritive value of
mulberry leaves, its exclusive food source. This research investigates the impact of combined industrial effluent and urban
sewage water irrigation on mulberry plants, focusing on the resultant physiological and economic characteristics of the
FC1xFC2 bivoltine hybrid silkworm. Utilizing V-1 mulberry plants, the study employed effluent irrigation at various
concentrations (25%, 50%, 75%, and 100%), with borewell water as a control to assess the silkworms' performance, evaluating
crucial metrics such as larval weight, cocoon weight, shell weight, shell ratio, pupal weight, filament length, denier, and
Renditta. The findings indicated a biphasic, concentration-dependent response. Specifically, lower effluent concentrations
significantly improved larval development and silk production, potentially attributable to advantageous micronutrients present
in diluted effluents. Conversely, exposure to 100% effluent concentration resulted in a marked reduction across all measured
parameters, suggesting the presence of toxicological stressors. This study underscores the complex role of effluents, acting as
both potential growth promoters and inhibitors in silkworm cultivation. It highlights the necessity for refined effluent
management strategies and further investigation to pinpoint specific pollutants affecting sericulture, providing essential
insights for enhancing silk production in regions impacted by effluent while simultaneously fostering environmentally
sustainable sericulture practices.
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Introduction insights into key economic traits of silkworms, helping
The intricate interplay between environmental factors and ensure safer and more sustainable sericulture practices.
biological systems is exemplified by the impact of industrial

and urban effluents on the silkworm, Bombyx mori L., an Material and methods

insect of significant economic importance in sericulture [, The study was initiated with the collection of combined
Sericulture, the practice of silk production through silkworm industrial effluents and urban sewage water samples from
rearing, relies heavily on the health and productivity of Bhimasandra Pond near Tumakuru, Karnataka, and an area
these insects, which are directly influenced by their where agricultural practices commonly utilize such water
surrounding environment. Bombyx mori, a domesticated sources for irrigation. This location was specifically chosen
insect that has been cultivated for millennia to maximize due to its direct relevance to agricultural practices involving
silk fiber output, serves as a valuable insect model for effluent water, ensuring that the study's findings would be
research purposes because of its manageable size and ease highly applicable to real-world scenarios. To ensure the
of rearing » % The unique ability of the silkworm to representativeness of the samples, composite samples were
produce silk, composed mainly of fibroin and sericin collected from multiple points within the pond, integrating
proteins synthesized in the silk gland, has made it a valuable water from various depths and locations to account for
resource for both traditional textile production and emerging potential stratification or localized variations in effluent
bio-based industries [“. Silkworms are highly dependent on composition.

the nutritional quality of mulberry leaves, their sole food In this study, V-1 mulberry plants were cultivated in pots
source, for their growth, development, and silk production and subjected to irrigation using various concentrations
BI. Mulberry plants, known for their rapid growth and (25%, 50%, 75% and 100%) of a combined mixture of
adaptability, are the cornerstone of sericulture, providing the industrial effluents and urban sewage water. Control plants
necessary sustenance for silkworms to produce silk [l were irrigated with borewell water to establish a
Industrial effluents and urban sewage water, as complex comparative baseline. This methodology enabled a detailed
mixtures of pollutants, pose a significant threat to sericulture examination of how different levels of effluent exposure
by disrupting silkworm physiology and potentially influence mulberry growth, which subsequently affected
diminishing silk production, leading to economic losses for silkworm health and silk production.

silk farmers 1. The health of silkworms and the quality of Healthy, newly hatched silkworm larvae of the Bombyx
silk they produce are intrinsically linked to the health of the mori species, specifically the FC1xFC2 double hybrid
mulberry trees they feed on, making the quality of mulberry bivoltine race, were obtained from a chawki rearing centre
leaves a critical determinant of sericulture success [, in Tumakuru. Upon arrival, the larvae were randomly
Investigating the silkworm's response to these combined allocated into multiple treatment groups in triplicates, each
Industrial effluents and urban sewage water can provide group representing a distinct concentration of the combined
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industrial effluent and urban sewage water mixture.
Throughout the larval development period, the silkworms
were reared under meticulously controlled laboratory
conditions, maintaining a constant temperature of 26+2°C
and relative humidity of 75%£2%, for silkworm growth and
development 1. The silkworms were fed with mulberry
leaves from plants irrigated with different concentrations of
industrial and sewage effluent water and control with
borewell water. To ensure optimal nutritional intake and
support healthy larval development, mulberry leaves were
provided at regular intervals, throughout the rearing period,
ensuring feeding conditions to meet their nutritional
requirements during their growth stages [,

To determine the comprehensive effects of exposure to
combined industrial effluents and urban sewage water, a
series of precise measurements were conducted on key traits
influencing silkworm productivity and silk quality,
encompassing larval weight, cocoon weight, shell weight,
silk ratio, pupal weight, filament length, denier, and
Renditta. During the fifth instar, a sample of larvae from
each treatment group was carefully selected and weighed to
determine the average larval weight, serving as an indicator
of growth and development. At the completion of the larval
stage, the weight of individual cocoons was measured to
determine the average cocoon weight, a critical parameter
reflecting the overall productivity of the silkworms [,
Following cocoon harvesting, the pupae were meticulously
weighed to ascertain the average pupal weight, which serves
as another crucial indicator of the silkworms' overall health
and development under the influence of the different
effluent treatments; furthermore, after cocoon harvesting,
silk filaments were reeled from a representative sample of
cocoons from each treatment group, and the length of the
individual filaments was measured to determine the average
filament length, reflecting the silk productivity of the
silkworms 121, The thickness, or denier, of the silk filaments
was also determined using standard techniques. Finally, the
Renditta, which represents the number of cocoons required
to produce one kilogram of raw silk, was calculated to
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assess the silk conversion efficiency of the silkworms. This
comprehensive assessment of economic parameters
provided valuable insights into the effects of the combined
industrial effluents and urban sewage water on silkworm
productivity and silk quality, which is vital for assessing the
sustainability and economic viability of sericulture practices
in effluent-affected areas . The data was recorded and
analyzed using statistical methods such as ANOVA to
determine the significance of difference between the
treatment’s groups.

Results

The present investigation meticulously examined the
repercussions of combined industrial effluents and urban
sewage water on the silkworm, revealing statistically
significant alterations in larval growth dynamics and
subsequent cocoon production efficacy. The data, subjected
to rigorous one-way ANOVA and Tukey's HSD post-hoc
analysis, unveiled a nuanced narrative of dose-dependent
effects, wherein lower concentrations of the effluent-sewage
admixture fostered enhanced larval development, while
elevated concentrations precipitated detrimental outcomes
1121 Specifically, treatments involving 25%, 50%, and 75%
concentrations of the effluent-sewage blend elicited a
marked augmentation in precocoon parametrs like matured
larval weight, cocoon weight, shell weight, and shell ratio,
each registering statistically significant elevations (p < 0.01)
when juxtaposed against the control group reared under
standard conditions [, The matured larval weight
demonstrated a significant, dose-responsive increase across
the lower concentration treatments; specifically, the mean
larval weight progressed from 15.67 + 0.6 g in the control
group to 16.18 £ 0.7 g, 17.94 £+ 0.8 g, and culminating at
20.47 + 0.9 g in the 25%, 50%, and 75% treatment groups,
respectively. This suggests a stimulatory effect of certain
components present within the diluted effluent-sewage
mixture, potentially acting as nutrients or growth-promoting
factors that augment the silkworm's physiological processes
and assimilation efficiency ™41,

Table 1: Cocoon parameters of silkworm B. mori FC1xFC2

Treatment Matured Larval Weight (g)] Cocoon Weight (g) | Shell Weight (g) [Shell Ratio (%) | Pupal Weight (g)
Control 15.67 £ 0.6 1.87+0.3 0.33+0.1 17.64+1.0 148+0.2
25% 16.18 £ 0.7 ** 2.03+04** 0.39+0.2* 19.21£1.2** 1.64 +0.3**
50% 17.94+0.8 ** 2.14+05** 043+02* 20.09 £1.3** 1.71+04**
75% 204709 ** 239+0.6 ** 0.58+0.3* 2426 £1.4** 1.81+0.5**
100% 1041 £0.5** 1.17+0.2 ** 0.18+0.1 1538 +£1.1** 0.99+£0.2**
Further analysis of cocoon-related parameters revealed a Conversely, the treatment group exposed to 100%

similar pattern, with cocoon weight increasing significantly
from 1.87 £ 0.3 g in the control group t0 2.03 +0.4 g, 2.14 +
0.5 g, and 2.39 £ 0.6 g in the 25%, 50%, and 75% treatment
groups, respectively; this augmentation underscores the
potential of diluted effluent-sewage mixtures to enhance silk
production. The shell weight, a critical determinant of silk
yield, also exhibited a statistically significant increase in the
treatment groups, escalating from 0.33 + 0.1 g in the control
group to 0.39 + 0.2 g, 043 £ 0.2 g, and 0.58 + 0.3 g,
respectively. Shell ratio, an important index of silk content,
also followed the dose-responsive augmentation pattern,
rising from 17.64 + 1.0% in the control to 19.21 + 1.2%,
20.09 £ 1.3%, and an impressive 24.26 + 1.4% in the
respective treatment groups.
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Concentration of the effluent-sewage blend manifested a
stark reversal of the trends, exhibiting a precipitous decline
in all measured cocoon parameters. The matured larval
weight plummeted to 1041 + 0.5 g, cocoon weight
decreased to 1.17 + 0.2 g, and shell weight dropped to 0.18
+ 0.1 g, each registering statistically significant reductions
when contrasted with the control group and the lower
concentration treatments. Correspondingly, the shell ratio
experienced a notable decrease, settling at 15.38 + 1.1%
within the 100% concentration treatment group; this decline
provides compelling evidence of the deleterious impact of
concentrated effluent-sewage mixtures on the silkworm's
capacity to efficiently convert assimilated nutrients into silk
protein, thereby underscoring the inherent toxicity
associated with exposure to undiluted effluent-sewage.
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Table 2: Cocoon parameters of silkworm B. mori FC1xFC2

Treatment Filament Length (m) Silk Filament Weight (g) Denier Renditta

Control 1051.12 £50.0 0.29 2.43+0.1 6.44 £ 0.3
25% 1104.35 + 55.0 ** 0.32** 2.60+0.1** 6.34+04*
50% 1141.28 + 60.0 ** 0.36** 2.83+0.2** 5.94+04*
75% 1287.61 + 65.0 ** 0.43** 3.01+0.3** 555+05*
100% 902.34 +45.0 ** 0.24 2.389 £0.1 ** 487+04*

The data obtained from post cocoon parameters are in
alignment with the patterns observed in the pre-cocoon
phase and further substantiate the complex interplay
between effluent concentration and silk production
efficiency. Specifically, lower concentrations of the
effluent-sewage mixture were associated with enhanced silk
quality indices, while the highest concentration (100%)
precipitated a decline in these metrics. The filament length,
a direct indicator of silk thread continuity and
processability, exhibited a significant increase in the 25%,
50%, and 75% treatment groups, escalating from a baseline
of 1051.12 + 50.0 m in the control group to 1104.35 + 55.0
m, 1141.28 = 60.0 m, and an impressive 1287.61 + 65.0 m,
respectively. This enhancement in filament length suggests
that controlled exposure to diluted effluent-sewage mixtures
may stimulate silk gland activity, leading to the production
of longer and more continuous silk filaments. Similarly, the
silk filament weight, a measure of the quantity of silk reeled
from each cocoon, demonstrated a statistically significant
increase in the lower concentration treatment groups, rising
from 0.29 g in the control group to 0.32 g, 0.36 g, and 0.43
g in the 25%, 50%, and 75% treatment groups, respectively.
However, the 100% concentration treatment group deviated
sharply from this trend, exhibiting a notable decrease in
filament length (902.34 + 45.0 m) and silk filament weight
(0.24 g) when compared to the control group and lower
concentration treatments, indicating the adverse effects of
high effluent concentrations on silk production.

Collectively, the results underscore the complex interplay
between environmental contaminants and silkworm
physiology, revealing a biphasic dose-response relationship
wherein controlled exposure to diluted effluent-sewage
mixtures can stimulate silk production, while high
concentrations exert detrimental effects. These findings
align with observations in other biological systems, where
undiluted industrial effluents have been shown to negatively
impact growth and yield 2],

The silk gland within silkworm larvae produces silk
proteins, primarily composed of fibrous fibroin and aqueous
sericin [*®1. Fibroin protein, which constitutes the major
component, is assembled in the silk gland lumen &7 A
study elucidates the relationship between the diet of
silkworms and their metabolic characteristics €. The
attainment of superior silk quality is fundamentally
dependent on the provision of a nutritional profile
characterized by a synergistic combination of proteins and
an ample supply of micronutrients 4. Being a
monophagous organism, silkworms depend solely on the
mulberry leaf to obtain all the nutrients necessary for their
development 12, The yield of silk is closely related to the
nutritional properties of the mulberry leaves consumed by
silkworms. Looking ahead, the economic viability of silk
production is threatened by the expenses, accessibility, and
resources required for silkworm cultivation and silk
processing 9. The nutritional condition, environmental
factors, and feeding of silkworms have a substantial impact
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on their capacity to digest, absorb, and convert nutrients into
body matter [2,

Discussion

This study provides a nuanced understanding of how
combined industrial effluents and urban sewage water affect
the silkworm Bombyx mori L., revealing a complex,
concentration-dependent response; the data suggest that
while diluted mixtures may enhance silk production,
potentially acting as a nutritional supplement, concentrated
effluents have detrimental effects on silkworm development
and silk quality, likely due to toxic components
overpowering any potential nutritional benefits.

The observed increase in larval weight, cocoon weight, shell
weight, and shell ratio in silkworms exposed to lower
concentrations of the effluent-sewage mixture suggests a
possible fertilizing effect, mirroring how silkworm feces can
act as an organic compost to fertilize mulberry trees,
enhancing their nutritional value and subsequently
benefiting the silkworms that feed on them P It is
plausible that certain components present in the diluted
effluent-sewage mixtures, such as trace elements and
organic compounds, may act as micronutrients, promoting
growth and silk production, when mulberry leaves are the
sole food source 22, This highlights the importance of
selecting silkworm strains appropriate to specific
geographical and environmental conditions to optimize silk
production (141,

The decrease in cocoon and silk quality at higher
concentrations can be attributed to the toxic effects of
pollutants present in industrial effluents and urban sewage,
which can disrupt the silkworm's physiological processes,
including digestion, nutrient absorption, and silk protein
synthesis. Specifically, heavy metals, pesticides, and other
organic pollutants can interfere with enzyme activity,
disrupt hormonal balance, and damage cellular structures,
ultimately leading to reduced growth, increased mortality,
and impaired silk production.

The silkworm, Bombyx mori an economically significant
insect in silk production, has been extensively cultivated
throughout sericulture's history 231, Like many species,
Bombyx mori has been selectively bred by humans from a
wild ancestor; however, in contrast to other animals,
silkworm strains' genetic stocks have been preserved in
public research facilities for centuries 4. Furthermore,
studies show that rearing silkworms with bio-foliar-enriched
mulberry varieties resulted in the highest cocoon weight,
shell weight, shell ratio, effective rate of rearing, silk
filament length, filament weight, denier, renditta, non-
breakable filament length, and silk yield %%,

Conclusion

In synthesis, our investigation elucidates a biphasic response
of Bombyx mori to combined industrial effluents and urban
sewage, demonstrating that while controlled exposure to
diluted concentrations may stimulate silk production, higher
concentrations exert detrimental effects on larval
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development and silk quality. These findings underscore the
importance of responsible waste management and highlight
the need for further research to identify and mitigate the
specific pollutants responsible for the observed toxicity,
thereby safeguarding sericulture and promoting sustainable
practices in wastewater management. It can adapt to
fluctuating environmental conditions, suggesting a genetic
adaptability that could be harnessed for breeding programs
aimed at enhancing tolerance to environmental stressors.
Further research should focus on identifying specific
pollutants responsible for the observed toxicity, assessing
the long-term effects of effluent exposure on silkworm
genetics and physiology, and developing strategies to
mitigate the negative impacts of industrial effluents and
urban sewage on sericulture.
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