Exploring silkworm litter as a liquid manure: A key to boosting mulberry growth and
productivity.

Abstract

Mulberry (Morus spp.) is the primary food source for silkworm, Bombyx moriL. Mulberry
growth and nutritional quality are critical for successful sericulture. With the increasing
demand for sustainable agricultural practicesparticularly in rearing silkworms with chemical
free mulberry leaves, the use of organic inputs has gained attention as an “alternative to
synthetic fertilizers. Silkworm litter, a by-product of silkworm rearingis richin organic matter
and essential nutrients, making it a potential resource for recycling into erganic manure. This
study explores the effectiveness of silkworm litterbased liquid organic manure (SLLM) at

32.02), maximum leaf area (153.44 cm? and 226.56 cm?) at 45.and ‘60 DAP, respectively and
leaf yield (969.43 g plant™).Superior leaf quality was alsonoticed in To.
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1.Introduction

Mulberry (Morus spp.) is a deep-rooted high biomass producing foliage crop which is
mulberry leaves. This produces approximately 300 kg of litter and 500 kg of leftover
mulberry waste (Mala and Chandrashekhar., 2020). One hectare of mulberry farm produces
15 MT of sericultural waste annually. It is equivalent to 280-300 kg of nitrogen, 90-100 kg of
phosphorus and 150-200 kg of potash (Daset al., 1997).Utilization of these byproducts
reduces reliance.on chemical fertilizers, improves soil health and nutrient availability to
mulberry plants enhancing leaf quality.

The:major by-products of silkworm rearing are the unfed/left overmulberry leaves and
faeces, which together constitute silkworm litter. This litter can be used as excellent organic
manure. Quantifying the silkworm litter, it is estimated that 45 per cent of the total leaves fed
to the silkworm goes as waste in the form of unfed leaves and shoots. The silkworm ingests
only 40 per-cent of the leaf spread in the trays, of which only about 55 per cent is digested
and the rest is converted as silkworm faeces.Application of manure produced out of silkworm
litter is highly beneficial for mulberry cultivation and is much effective than conventional use
of farm yard manure (Bhogeshaet al., 1997). Hence, this study was taken up to recycle the
silkworm litter as an organic liquid manure to increase the mulberry leaf quality and quantity.

2. Material and methods
The field experiments wereconducted during 2023 - 2024, at the Department of

Sericulture,  University = of  Agricultural  Sciences, Gandhi  Krishi  Vigyan
Kendra,Bengaluru.The field is located at latitude of 13° 08’ north,longitude of 78° 08’ east
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and at an altitude of 918 m above mean sea level in the Eastern Dry Zone (Zone-5) of
Karnataka.

Preparation of silkworm litter based liquid organic manure(SLLM)

India has traditional knowledge of preparation and use of organic liquid manures since
ages (Ram et al., 2019). Here, an indigenous traditional knowledge of manure preparation has
been adopted.

Initially, Silkworm litter is collected from the rearing beds of late age silkworm. 25 kg
of silkworm litter is soaked in 50 liters of water for 48 hours (2 days) in 200 liters capacity
drum and mixed thoroughly. The mixture was stirred well in clock wise direction and kept in
shade covered with wet jute bag.Then, 10kg of Calotropis gigantialeaves ‘and 10kg of
Ipomoea campanulataleaves were added. It is left for decomposition up to 21 days. During
the period the contents were digested by the microorganisms present.in ‘cow. dung and
silkworm litter. After 21 days the volume has been made up to 200 litres by adding water to it.
Then 50 litres of cow urine was added. Finally, 250 litres of liquid manure was prepared. It
was applied to soil manually and sprayed on mulberry leaves using hand.sprayer as per the
treatments.

List 1- Treatment details

T, | RDF + Soil drenching of 150 | acre™ of 20 % SLLM at 10 DAP

T, | RDF + Foliar spray of 100 | acre™ of 10 % SLLM at 25-DAP
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T, | RDF + Soil drenching of 150 | acre™ 0f 20 % SLLM at 10 DAP + Foliar spray of 100 |
acre™ of 10% SLLM at 25 DAP

T, | RDF + Soil drenching of 200 I acre"of 20 % SLLM at 10 DAP

T, | RDF + Foliar spray of 125 | acre” of 10 % SLLM at 25 DAP

Te | RDF + Soil drenching of 200 | acre” of 20 % SLLM at 10 DAP + Foliar spray of 125 |
acre™ of 10 % SLLM at 25 DAP

T, | RDF + Soil drenching of 250 I acre™ of 20 % SLLM at 10 DAP

T, | RDF + Foliar spray of 150 acre™ of 10 % SLLM at 25 DAP

T, | RDF + Soil:drenching of 250 | acre™ of 20 % SLLM at 10 DAP + Foliar spray of 150 |
acre™ of 10 % SLLM at.25 DAP

T, | RDF (PoP) (Control)

SLLM.— Silkworm litter based liquid organic manure

Observations on mulberry growth parameters were taken at 45 and 60 DAP. The
observations recorded were: Growth parameters viz., Length of longest shoot, number of
shoots, number of leaves per shoot and leaf area. Further, the leaf quality parameters and
yield were also recorded. Quality parameters included total moisture content, total
chlorophyll content, chlorophyll a, chlorophyll b, crude protein and total carbohydrates. The
leaf yield was recorded at 60 DAP.

3.Results and discussions
3.1 Nutrient composition of Silkworm litter based liquid organic manure (SLLM)

The pH of the manure was found to be slightly alkaline (7.68). This indicates
suitability of the manure for application to mulberry plants. Electrical conductivity was found
to be 8.10 dS m™.The manure has 3.02, 1.22 and 2.96 per cent ofNPK content respectively.



The micro nutrients content was 1,116.20 ppm of Iron, 73.80 ppm zinc, 14.10 ppm copper
and 268.60 ppm manganese.

The findings are also supported by the results of Shanmugam et al. (2020) who
recorded higher percentage of nitrogen(2.05 %), phosphorus(0.60 %), potassium(2.20 %) in
silkworm litter. Xiao-ping et al. (2011) observed a significant increase in total nitrogen,
phosphorus, and potassium contents by 58.0 per cent, 84.4 per cent and 29.7 per cent
respectively in silkworm excreta organic fertilizer (SEOF) higher than those in the raw
materialafter fermentation.Sangeetha et al. (2012) reported that composted manure made out
of silkworm litter - Pupal waste (SLPW) was found to be rich in nutrients Nitrogen (3.11 %),
Phosphorus(0.39 %) and potassium (2.48 %) which are greater than the farm yard manure
and vermicompost (Table 1).

Table 1: Nutrient composition of Silkworm litter based liquid organic. manure (SLLM)

Nutrients Composition
pH 7.68
EC (dSm™) 8.10
Nitrogen (%) 3.02
Phosphorous (%) 1.22
Potassium (%) 2.96
Iron (ppm) 1,116.20
Zinc (ppm) 73.80
Copper (ppm) 14.10
Manganese«(ppm) 268.60

Table 2: Microbial:;population in Silkworm litter based liquid organic manure (SLLM)

Microeorganism

Population (CFU ml™ of manure)

Bacteria 52.24 X 10°
Actinomycetes 66.58 X 10*
Fungi 3.33 X 10?

3.2Microbial population in Silkworm litter based liquid organic manure (SLLM)

Bacterial, fungal and actinomycetes population of the manure was estimated at the time of
application. Bacterial count was found to be 52.24 X 10°CFU ml™* of manure, fungal count
was 3.33 X 10°CFU ml™ of manure, actinomycetes was 66.58 X 10°CFU mlI™ of manure.
Chakrabortyetal. (2019) found similar results in other liquid organic manures like




panchagavya and jeevamrutha. Panchagavya contained 12 x 10°CFU ml*bacteria, 9 x
10°CFU ml™fungi and 4 x 10°CFU ml™actinomycetes.Jeevamrutha consisted of 14 x 10°CFU
ml™bacteria, 17 x 10°3CFU mI*fungi and 2 x 10°CFU mI™actinomycetes.

Ram (2013) reported 2.61x10° CFU ml™ bacteria, 1.8x10* CFU mlI™* Fungi, 1.8x10*
CFU mI™ Actinomycetes, 5.7x10> CFU ml™ P solubilzers, 2.7x10° CFU ml™ Free living
nitrogen fixers in Panchgavya and 1.54x10°® CFU ml™ bacteria, 1.05x10* CFU mI™ Fungi,
6.8x10" CFU ml™ Actinomycetes, 2.7x10° CFU ml™ P solubilzers, 3.1 x10* CFU ml™ Free
living nitrogen fixers in jeevamrutha.

More bacterial and actinomycetes count was noticed due to slightly alkaline pH of the
manure which favours the growth of bacteria and actinomycetes. Fungi require acidic pH (5 -
6) for its growth. Hence, less fungal population was observed in the manure, (Basu et al.,
2015).

3.3 Influence of Silkworm litter based liquid organic manure (SLLM) on mulberry
growth and yield:

All the treatments were found to be effective in significantly enhancing growth and yield of
mulberry than control.

3.3.1 Length of longest shoot: The longest shoot length 0f.89.36 cm and 133.28cm was
recorded in Teat 45 DAP and 60 DAP, respectively. lt-was. followed by T,which recorded
longest shoot length of 88.10 cm and 127.36 cmiat 45 DAP and 60 DAP, respectively. The
minimum shoot length of 72.04 cm and 105.57em was recorded in Tio(control) (Table 3).

These results are in conformity with-Shanmugam et al. (2020) who recorded the
longest shoot length of 99.00 cm with application of silkworm excreta (SE) 400 g/plant along
with RDF. The increase in shoot length-can be attributed to microbial and nutrient content in
soil with combined effect of foliar application which enhances the growth and development
of mulberry plant. It might.be attributed due to application of more nitrogen content in the
soil through the SLLM ‘that in turn increased the shoot length of mulberry (Ahmed et al.,
2022).

3.3.2 Number ofushoots per ‘plant: Ty recordedmaximum number of shoots per plant
(16.53and 23.80) at 45 DAP.and 60 DAP, respectively. This was followed by T(15.50and
23.35) and Ts(15.53 and 22.43). Less number (11.80and 18.62) was recorded inT1o (Table 3).

The:present.investigation is in line with study of Hemavathi (2021) who reported that
soil application of bio digested liquid organic manure equivalent to 150 % N ha™ recorded
greater number of shoots (21.60 and 25.00) at 45 and 60 DAP, respectively. Similar findings
were also_reported by Mala and Chandrashekhar (2020) who reported that highest number
ofbranches ‘plant™ of 13.32 was recorded in mulberry plot treated with 50 % of seri bio-
digester effluent + 25 % bio-digester effluent + 25 % RDF.

This could be due to presence of numerous nutrients, enzymes and plant growth
promoting hormones (Yang and Zhu., 2002) in silkworm litter manure, which aided the
plant's rapid growth and resulted in increased number of shoots.

Table 3: Influence of Silkworm litter based liquid organic manure (SLLM) on mulberry
growth



Length of longest ~ |Number of shoots|No. of leaves per| [ eaf area (sz)
Treatm shoot (cm) per plant shoot
ents

45 DAP | 60 DAP |45 DAP| 60 DAP (45 DAP|60 DAP| 45 DAP | 60 DAP

T1 | 80.61% | 113.24% |14.02 | 20.32% |19 73%|2g.44% | 111.52° | 191.71°

T2 | 78.22% | 110.86" [13.37%| 20.04% |1880%| 27.54¢ | 10855 | 182.54°

T3 | 79.96% | 114.21% [15.33%|21.79%|19 67" [29.01%%| 124.34°" | 201.12°

Ta | 8483 | 117.14%% [14.83™|21.82% |51 7% |29 94%4| 13040 | 212.94°

T5 | 81.12"¢ | 118.98% |14.20% | 21.16™ 19,63 [29.08%| 126.54" | 199.76°

T6 | 8388 | 12245% [1553%| 2243% |21 .10% [30.44}185.10 | 205.60°

T7 | 88.10%° | 127.36® |15.50%| 23.35% | 21.83%{31.67[146.70" | 221.14°

T8 | 86.51% | 123.92% [14.93%| 22.24® |21.00%/29.94*% 141 11| 213.14"

T9 89.36° | 133.28° |16.53"| 23.80° |22.17% | 32.02% | 153.44" | 226.56"

T10 | 7204° | 105577 |11.80°.| 18.62° | 17.40° | 27.26° | 102.04° | 171.17'

F - test * * * * * * * *

SEmz+| 2314 2.145 0.421 | 0.625 | 0.539 | 0.540 | 6.751 2.133

C.Doos | 6.874 6.373 1.251 |» 1.858 | 1.601 | 1.605 | 20.058 6.339

(OAY} 4.860 3.130 4994 | 5.024 | 4.611 | 3.169 | 9.045 1.824

3.3.3 Number of leaves per_shoot:Maximum number of leaves per shoot (22.17 and 32.02)
was recorded:in Tg, The Treatments T,(21.83and 31.67) and T¢(21.10 and 30.44) were on par
with Ty. Less number (17.40and 27.26) was recorded in Ty (Table 3).

The findings are in conformity with Shanmugam et al. (2020) who recorded greater
number of leaves-branch™ (28.15) when applied with Silkworm Excreta (SE) manure at 400
g/plant. Mala and Chandrashekhar (2020) reported maximum number of leaves branch™
(18.39 and 33.00) when applied with 50 % Seri Bio-digester effluent+25% Bio-digestor
effluent + 25% RDF at 45 and 60 DAP.

More the shoot length and number of shoots per plantmore will be the number of
leaves per shoot. Shivakumar et al. (2000) observed similar results in their studywhere they
found that, the combination of organic manures and inorganic fertilizers helped to increase
the number of branches and leaves.

3.3.4 Leaf area (cm?): Maximum leaf area (153.44 cm? and 226.56 cm?) was recorded in
To.The treatments T-(146.70 cm? and 221.14 cm?)was on par with Te. This was followed by




Tewhich recorded leaf area of 141.11cm? and213.14cm?)at 45 DAP and 60 DAP, respectively.
Minimum leaf area (102.04 cm?nd 171.17 cm?) was recorded inTyo (Table 3).

The results are in accordance with Sudhakar et al. (2018) found that the V-1 mulberry
plot treated with Niz5 Pz + 20 kg seri azo + 25 kg seriphos + 10/5 MT farm yard manure
recorded the maximum leaf area at 192.5 cm? and vermicast spray + 7 % panchagavya spray
recorded 191.80 cm® Hemavathi (2021) reported highest leaf area of 122.91 cm? and 165.20
cm? when applied with Bio digested liquid organic manure equivalent to 150 % N ha™ at 45
and 60 DAP.

The findings are also in conformity with Mala and Chandrashekhar. (2020) who
reported that the highest leaf area of 208.33 dm? in 50 % of seri bio-digestor effluent + 25 %
bio-digestor effluent + 25 % RDF compared to control (184.50 dm?). The application of SLLM
might have boosted photosynthesis and transfer of photosynthates, leading toiproduction of
larger leaves.

3.3.5 Leaf yield: Application of silkworm litter based liquid manure-to mulberry plants had
significantly and effectively increased leaf yield in all the treatments than control:

The highest yield of 969.43 g plant™(67.31 tonnes/ha/year). was recorded in Ty (RDF + Soil
drenching of 250 | acre™ of 20 % SLLM at 10 DAP + Foliar spray of 150 | acre™ of 10 % SLLM
at 25 DAP). The treatment RDF + Soil drenching of 250.1 acre™ of 20 % SLLM at 10 DAP (T7)
which recorded933.73g plant™(64.83 tonnes/halyear) was on par with To. The lowest yield of
700.569 plant™ was recorded in T1o [RDF (PoP) (Control)](Fig:1 & Fig. 2)].

The present findings are in line-with the study ofDevamani (2018) who reported that
highest leaf yield of 1680.30 g plant™ was recorded in 3 MT vermicompost + 12 litres
panchagavya at 3 per cent levelacre™ year™.

The results are also in conformity with Shanmugam et al. (2020) who recorded
highest leaf yield of 12935.4(kg /hafharvest) when applied with Silkworm Excreta (SE)
manure at 400 g/plant. Ahmed et al. (2021) showed that seri-waste compost performed better
in terms of leaf yield (52.23 MT/ha/year). Hemavathi (2021) recorded highest yield of
826.66g plantwhen applied with Bio digested liquid organic manure equivalent to 150 % N
ha™ and 706.99 g plant™'in 100 % RDF (as per POP) control.

Silkworm.litter manure contains more amount of plant nutrients like macro and micro
nutrients. which eontribute to increased production (Ahmed et al., 2021). Mulberry growth
and-production-might be enhanced by the accumulation of beneficial microorganisms in the
liquid'organic. manure at the treatment site or rhizosphere which improves nutrient absorption
in the soil.Organic manure increases humus content in soil which improves nutrient retention
and soil fertility that enhances vegetative growth and in turn leaf yield (Bharadwaj et al.,

2014).
1200.00

1000.00
800.00 \/\/\/\
600.00

400.00

Yield (g plant )

200.00

0.00
1 2 3 4 5 6 7 8 9 10

Treatments



Fig. 1: Mulberry yield (g plant™) as influenced by different treatments of SLLM
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Fig. 2: Mulberry vyield (Tonnes ha™ year™) as influenced by different treatments of
SLLM

Table4: Influence of SLLM on quality parameters of mulberry

zci: ?rlr?g (;]p_fll)yll Er(]rlr?gogpg)y“ ;rr?ltgll’ophyll rl;]%?: ture FC)::(;thien Carbohydrate
Treatments (mgg '1) content content fontent (mg g
(%) (mgg?)
T1 1.36°% 0.83% 2.20% 71.44% | 19.11¢ 18.44°F
T2 1.39"¢ 0.84% 2.24% | 71.30% | 18.95¢ 18.24f
T3 1.39"¢ 0.84% 2.26% | 72.37°¢ | 19.35“ 18.98%
T4 1.39"¢ 0.85% 2.25% 73.25% | 20.19° 19.20%
T5 1.42% 0.85%® 2.28%4 | 73.00%¢ | 19.87™ 19.14%




T6 1.42%%¢ 0.85%® 2.30° | 73.47% | 20.26° 19.30“
T7 1.42% 0.86% 2.29%%¢ 75.34% 21.14% 19.96%
TS 1.46% 0.87° 2.35% 73.98% 20.95% 19.60%
T9 1.47° 0.86% 2.37° 74.69% | 21.56° 20.26°
T10 1.32¢ 0.80° 2.16° 70.56° 18.65¢ 18.16
F - test * * * * * *
S.Em+ 0.012 0.007 0.023 0.742 0.227 0.188
C.D 005 0.036 0.022 0.069 2.205 0.674 0.558
CV 1512 1.499 1.767 1.762 1.966 1.702

3.4 Influence of SLLM on quality parameters of mulberry:

3.4.1 Chlorophyll content:All the treatments with SLLM:were found to be effective in
significantly increasing chlorophyll content of leaf than control. :Highest chlorophyll ‘a’ and
total chlorophyll content (1.47mg g™ and 2.37 mg g?) was found-in To.The treatment Tg
which recorded chlorophyll “a” and total chlorophyll content of 1.46mg g™ and 2.35mg g™
was on par with To(Table 4).

Ts recorded highest chlorophyll ‘b’ content (0.87'mg g*). The treatment Towhich
recorded chlorophyll ‘b’ content of 0.86Mmg g™ was'on par with Tg. The lowest values for
chlorophyll “a’, chlorophyll ‘b’ and total ¢hlorophyll (1.32 mg g, 0.8 mg g*, 2.16 mg g*,
respectively) was recorded in Ty (Control)(Table 4).

Similar results were obtained by Narayanaswamy et al. (2006), who reported that the
highest total chlorophyll content 0f:2.12 and 2.20 mg/g of fresh weight was recorded in both
S36 and DD (Vishwa) ‘<mulberry varieties by the foliar application of Phalada mulberry
organic liquid at 5 ml/litre, respectively. Mala and Chandrashekhar (2020) reported highest
chlorophyll “a’, chlorophyll *h’ and-total chlorophyll (1.46mg g™, 0.87mg g™, 2.44 mg g,
respectively) at 60:DAPwith application of 25 % Seri Bio-digester effluent+25 % Bio-
digestereffluent+25 % Vermicompost + 25 % Compost.

The result shows that foliar application of SLLM resulted in quicker absorption of
nutrients.Adequate supply of nutrients through silkworm litter liquid manure might be
resulted in‘increased chlorophyll content of leaves (Suresh Kumar et al., 2011).

3.4.2 Leaf moisture content (%0): All the treatments with silkworm litter liquid manure
significantly increased the leaf moisture content at 60 DAP than control. Maximum moisture
content of 75.34per cent was found in T+. It was followed by Tgwhich recorded 74.69per cent
moisture content. Lowest moisture content of 70.56per cent was recorded in
Tio(Control)(Table 4).

The current study is supported by Mala and Chandrashekhar (2020) who reported that
highest moisture content was recorded in mulberry plot applied with 50 % seri bio-digestor
effluent + 25 % bio-digestor effluent + 25 % RDF (74.46 %) over control (70.32 %). It is also
supported by study of Hemavathi (2021) who reported maximum moisture content of 74.33




per cent in mulberry leaves when applied with Jeevamrutha equivalent to 150 % N ha™, 73.54
per cent when applied with Bio digested liquid organic manure equivalent to 125 % N ha™.

Similar results were also observed by Narayanaswamy et al. (2006)and Sudhakar et al.
(2018). Increase in moisture content of leaves might be due to water retention capacity, slow
and steady supply of moisture from silkworm litter liquid organic manure.

3.4.3 Crude protein content (%): Crude protein content of mulberry leaves was
significantly influenced by soilapplication and foliar spray of silkworm litter liquid manure.
Maximum crude protein content of 21.56 per cent was recorded in Te.It was followed by
Twhich recorded crude protein content of 21.14 per cent. Tg recorded 20.95 per cent crude
protein.T-and Tgwere on par with Tg. Lowest value of 18.65 per cent was recorded in
T1o(Control)(Table 4).

The results are in accordance with findings of Hemavathi (2021) who reported higher
crude protein content of 22.72 per cent in mulberry plot applied, with bio digested liquid
organic manure equivalent to 150 % N ha™that was on par with bio digested liquid organic
manure equivalent to 125 % N ha™ (21.33 %) and the lowest was registered in amritpani
equivalent to 100 % N ha-1 (18.35 %) treated plot.

Similar results were found by Thangarojaet al. (2018)who reported that the highest
soluble protein 32.45 mg/g fresh weight was recorded.in V-1 mulberry garden with organic
foliar application of 1 % effective microbeszcompared. to ‘control (29.06 mg/g of fresh
weight). The results are also in conformity with Narayanaswamy et al. (2006), Rani and
Evanjaline (2015) and Mala and Chandrashekhar (2020). The rise in crude protein could be
attributed to an increase in the nitrogen content of leaves.

3.4.4 Carbohydrate content (%):'Carbohydrate.content of mulberry leaves was significantly
influenced by soilapplication and foliar ‘spray of silkworm litter liquid manure.Maximum
carbohydrate content (20.26 %) was recorded in Tewhich was followed by T; having
carbohydrate content 0f¢19.96. per cent.Lowest carbohydrate content of 18.16 per cent was
recorded in T1o(Control) (Table4).

The findings are in accordance with Narayanaswamy et al. (2006) who found that
applying 5 ml/L. of phalada.mulberry organic liquid spray to the DD variety resulted in a
maximum decreasing sugar content of 14.41 per cent. It is also in line with Hemavathi (2021)
who reported. that, highest carbohydrate content of 12.35 per cent in mulberry plot applied
with bio digestedliquid organic manure equivalent to 150 % N ha™.

Rajanna et al. (2000) reported higher total soluble carbohydrates in leaves under
silkworm-excreta and recommended NPK application than pupal powder (PP), sheep manure
(SM), Swine waste (SW), pongamia cake (PC) application. Thangarojaet al. (2018) reported
highest total carbohydrates (40.74 mg/g) in treatment with foliar spray of 1 per cent effective
microorganisms (EM) on V-1 mulberry. This could be attributed to improved mulberry leaf
quality due to the use of SLLM.

4. Conclusion:

Silkworm litterbased liquid organic manure (SLLM) is a nutrient rich manure which
is an effective and sustainable alternative to synthetic fertilizers for mulberry cultivation. The
manure application significantly enhanced plant growth, leaf yield and nutritional quality that



are crucial for silkworm. All the treatments with different doses of SLLM found effective in
increasing mulberry growth, yield and quality of mulberry leaves. Among the treatments,
RDF + Soil drenching of 250 | acre™ of 20 % SLLM at 10 DAP + Foliar spray of 150 | acre™
of 10 % SLLM at 25 DAP (Tg)recorded maximum mulberry growth, leaf yield and superior
leaf quality. This eco-friendly approach not only recyclesthe silkworm litter at farm level but
also reduces dependence on chemical inputs,lowers production costs and minimizes
environmental pollution. The adoption of this organic manure can strengthen the economic
viability of mulberry cultivation while addressing waste management challenges in
sericulture.
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