Influence of Silkworm Litter Liquid Manure on Soil Nutrient status and Microbial Population in mulberry plantation 


Abstract
Mulberry (Morus sp.) is a deep-rooted high biomass producing foliage crop which is the sole food source for silkworm, Bombyx mori L. Hence, Mulberry growth and nutritional quality are critical for successful sericulture. With the increasing demand for sustainable agricultural practices particularly 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 rearing is rich in organic matter and essential nutrients, making it a potential resource for recycling into organic manure. This study explores the effectiveness of silkworm litter based liquid organic manure (SLLM) at different doses along with Recommended Dose of Fertilizers (RDF) in enhancing soil nutrients and microbiota. The treatment RDF + Soil drenching of 250 l acre-1 of 20% SLLM at 10 Days after pruning (DAP) + Foliar spray of 150 l acre-1 of 10 % SLLM at 25 DAP (T9) recorded maximum organic carbon content (0.82 %), NPK content (413.80, 32.43, 254.07 kg/ha respectively), micronutrients viz., Fe (2.72 ppm), Zn (2.64 ppm), Mn (32.06 ppm) and Cu (0.92 ppm) along with maximum soil bacteria (51.83 X 106 cfu g-1), fungi (6.50 X 102 cfu g-1) and actinomycetes (61.20 X 104 cfu g-1) besides supressing pathogen load. This shows that application of SLLM to soil in mulberry garden serves as an eco-friendly and efficient organic amendment for improving soil fertility and productivity in sericulture based agroecosystems contributing to both organic sericulture and circular bio-resource management. 
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1.Introduction
Mulberry (Morus sp.) is a deep rooted high biomass producing foliage crop which holds immense importance as the sole food for silkworm., Bombyx mori L. However, nutrient deficiencies in mulberry have emerged due to repeated harvests and soil nutrient depletion impacting cocoon production. Mulberry is mainly cultivated for the leaf production which contributes 38.20 per cent for the success of cocoon production (Miyashita, 1986). Quality of mulberry leaves has direct influence on quality of cocoon, underlining the need for better quality feed for silkworms (Vijaya et al., 2009). 
The use of synthetic chemicals, fertilizers and pesticides while enhancing productivity causes adverse effects on soil health and input costs (Patil et al., 2006). The continuous use of inorganic fertilizers poses challenges such as soil degradation and poor root anchorage. Recognizing the detrimental impacts of chemical farming on mulberry leaf yield and the cocoon quality, the practice of organic farming becomes crucial in sericulture (Sangeetha & Thevanathan, 2010). 
Organic amendments, particularly those derived from agricultural and agro-industrial residues have shown promise in enhancing soil nutrient dynamics and biological activity without the adverse environmental impacts associated with synthetic fertilizers. Among these, silkworm litter-comprising larval excreta, uneaten mulberry leaves, and cocoon debris-represents a nutrient-rich, underutilized organic resource with significant agronomic potential.
Rearing of 100 Disease free layings (dfls) require 1000 kg of mulberry leaves. This produces approximately 300 kg of litter and 500 kg of leftover mulberry waste (Mala & 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 (Dandin & Giridhar, 2014). Utilization of these byproducts reduces reliance on chemical fertilizers, improves soil health and nutrient availability to mulberry plants enhancing leaf quality. 
Adding silkworm excreta fertilizer increases nutrient contents in the soil as well as organic matter content and soil enzyme activities, much more than goat faeces (Yang et al., 2016). Utilizing these by-products as raw material for organic manure preparation presents an opportunity to decrease reliance on chemical fertilizers leading to improved soil health and nutrient accessibility to mulberry plants inturn enhancing leaf quality. 
Thus, this study aims to assess the impact of silkworm litter liquid manure (SLLM) on the nutrient composition and microbial diversity of soil in mulberry garden, thereby evaluating its potential as a viable organic amendment for improving soil fertility and supporting sustainable sericulture approach.
2. Material and methods
The field experiments were conducted in Kharif and Rabi seasons during 2023 – 2024 at the Department of Sericulture, University of Agricultural Sciences, Gandhi Krishi Vigyan Kendra, Bengaluru. The field is located at latitude of 130 08’ N, longitude of 78o 08’ E and at an altitude of 918 m above mean sea level in the Eastern Dry Zone (Zone-5) of Karnataka. The experiment was carried out in well established Victory-1 (V1) mulberry garden with paired row system of planting. The design of experiment followed for statistical analysis is Completely Randomized Block Design (RCBD) with 10 treatments and 3 replications.

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

	pH
	7.68

	EC (dS m-1)
	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)
	Microorganism
	Population (cfu ml-1 of manure)

	Bacteria
	52.24 X 106

	Actinomycetes
	66.58 X 104

	Fungi
	3.33 X 102



Table 3: Treatment details
	T1
	RDF + Soil drenching of 150 l acre-1 of 20 % SLLM at 10 DAP

	T2
	RDF + Foliar spray of 100 l acre-1 of 10 % SLLM at 25 DAP

	T3
	RDF + Soil drenching of 150 l acre-1 of 20 % SLLM at 10 DAP + Foliar spray of 100 l acre-1 of 10% SLLM at 25 DAP

	T4
	RDF + Soil drenching of 200 l acre-1 of 20 % SLLM at 10 DAP

	T5
	RDF + Foliar spray of 125 l acre-1 of 10 % SLLM at 25 DAP

	T6
	RDF + Soil drenching of 200 l acre-1 of 20 % SLLM at 10 DAP + Foliar spray of 125 l acre-1 of 10 % SLLM at 25 DAP

	T7
	RDF + Soil drenching of 250 l acre-1 of 20 % SLLM at 10 DAP 

	T8
	RDF + Foliar spray of 150 l acre-1 of 10 % SLLM at 25 DAP

	T9
	[bookmark: _Hlk182951619]RDF + Soil drenching of 250 l acre-1 of 20 % SLLM at 10 DAP + Foliar spray of 150 l acre-1 of 10 % SLLM at 25 DAP

	T10
	Only RDF as Control


RDF – 350:140:140 kg N: P2O5: K2O ha-1 year-1 + 20 tonnes FYM ha-1 year-1
SLLM – Silkworm litter based liquid organic manure
DAP – Days After Pruning
2.1 Soil sampling
Prior to start of the experiment, soil samples were collected randomly at a depth of 0 to 30 cm to have a composite soil sample by using screw auger. The samples were mixed thoroughly and made into one composite sample. A composite sample of approximately 500 grams was taken, air-dried, ground, and then passed through a 2.00 mm sieve and used for chemical and biological analysis as per the standard procedures.  
2.2 Estimation of chemical properties of soil
The chemical properties of the experimental soil (both initial and post-harvest soils) were determined by adopting the standard procedures as given in Table 4.
Table 4: Standard methods adopted for analysis of soil chemical properties 
	Parameters 
	Methods 
	References 

	pH (1:2.5) 
	Potentiometric method 
	Jackson (1973) 

	EC (dS m-1) 
	Conductometric method 
	Jackson (1973) 

	Organic carbon (%) 
	Wet oxidation method 
	Walkley and Black (1934) 

	Available Nitrogen (%) 
	Alkaline permanganate 
Method 
	Subbiah and Asija (1956) 

	Available P2O5 (%) 
	Olsen’s Method 
	Jackson (1973) 

	Available K2O (%) 
	Flame photometer Method 
	Jackson (1973) 

	DTPA extractable Fe, Mn, Zn and Cu (%) 
	Atomic absorption spectrophotometry 
	Lindsay and Norwell (1978) 



2.3 Microbial analysis of soil
The general population of microbes in the soil was analysed using Serial dilution and pour plate technique. Soil samples were collected from the experimental site at 60 DAP. One gram soil was dissolved in 9 ml of water blank to obtain 10-1 dilution. Subsequent dilution upto 10-6 were made by transferring 1 ml of the suspension to 9 ml water blank. Finally, 1 ml of suspension from 10-6, 10-4 and 10-2 were placed on sterilized plates and specific media was poured into the plates. After incubation plates were observed for the appearance of colonies. The colonies were expressed as colony forming units (cfu) per gram of soil on dry weight basis using the below formula (Schmidt & Caldwell, 1967).
	cfu per gram =
	cfu per plate × dilution factor
	

	
	Weight of substrate (g) × volume of suspension plated (ml)
	



Table 5: Standard methods adopted for microbial analysis of soil 
	Parameters
	Methods
	Reference

	Bacteria 
	Nutrient Agar medium 
	Atlas and Parks (1993)

	Fungi 
	Martin’s rose Bengal Agar 
	Martin (1950)

	Actinomycetes
	Kuster’s Agar
	Kuster (1959)



2.3.1 Bacterial count (cfu g-1)
One ml of suspension from 10-6 dilution and Nutrient Agar (NA) media were poured into sterilized petriplates. The plates were incubated in an inverted position. After incubation of 24 hours the plates were observed for the appearance of colonies. The NA plates that contain colonies in the range of 30-300 were considered for enumeration of bacteria. The colonies were expressed as colony forming units (cfu) per gram of soil on dry weight basis. 
2.3.2 Fungal count (cfu g-1)
One ml of suspension from 10-2 dilution and Martin’s Rose Bengal Agar (MRBA) media were poured into sterilized petriplates. The plates were incubated in an inverted position. After incubation for a week, the plates were observed for the appearance of colonies. The colonies were expressed as colony forming units (cfu) per gram of soil on dry weight basis. 
2.3.3 Actinomycetes count (cfu g-1)
One ml of suspension from 10-4 dilution and Kuster’s Agar (KA) media were poured into sterilized Petri plates. The plates were incubated in an inverted position. After incubation of 2-3 days, the plates were observed for the appearance of colonies. The KA plates that contain colonies in the range of 10-100 were considered for enumeration of actinomycetes. The colonies were expressed as colony forming units (cfu) per gram of soil on dry weight basis. 
3. Results and discussions 
3.1 Influence of SLLM on soil properties of V-1 mulberry garden 
The soil properties were analysed before and after the experiment to know the status of the soil in V-1 mulberry garden and changes in the soil properties due to the application of SLLM. The soil properties viz., organic carbon, available N, P2O5, K2O and micronutrients content differed significantly, but pH and EC were found to be almost stable / unchanged (non-significant).
3.1.1 Soil pH 
The pH of soil was found to be non-significant among different treatments. pH of all the treatments was found to be neutral ranging from 7.08 in T7 followed by pH 7.10 in T9 to 7.21 in T10 (Control) (Table 6).
These findings are supported by Mala and Chandrashekhar (2020) who found that the appropriate soil pH for mulberry plant growth and development (7.81) was achieved using a combination of 50% seri bio-digestor effluent, 25% bio-digestor effluent, and 25% RDF compared to the control (100% RDF).
The present results are in collaboration with the findings of Jimenez and Garcia. (1992) wherein they found that soil pH was neutral due to the decomposition of hydrolyzed polysaccharides during mineralization and the production of organic acids by microbes through breakdown of the substrate which leads to the maintenance of optimum pH.
3.1.2 Electrical conductivity (dS m-1)	
The electrical conductivity of soil was found to be non-significant among the different treatments. However highest EC (0.26) was recorded in T7 and lowest (0.18) in T10 (Control) (Table 6). 
These results are in accordance with the findings of Hemavathi (2021) who found non significance increase in the EC after soil application of different liquid organic manures ranging from 0.19 to 0.22 ds m-1.

Table 6: Influence of SLLM on soil pH, electrical conductivity and soil organic carbon of V1 mulberry garden at 60 Days after pruning (DAP) 
	Treatments
	pH
	EC (dS m-1)
	OC (%)

	Before treatment
	6.90
	0.10
	0.51

	T1
	7.15
	0.20
	0.61cd

	T2
	7.17
	0.20
	0.56d

	T3
	7.15
	0.19
	0.66bcd

	T4
	7.11
	0.20
	0.68bcd

	T5
	7.12
	0.16
	0.58cd

	T6
	7.12
	0.17
	0.72abc

	T7
	7.08
	0.26
	0.75ab

	T8
	7.16
	0.23
	0.59cd

	T9
	7.10
	0.25
	0.82a

	T10
	7.21
	0.18
	0.55d

	F - test
	NS
	NS
	*

	S.E m ±
	0.114
	0.041
	0.043

	C.D 0.05
	-
	-
	0.127

	C.V
	2.777
	34.777
	11.320



* - Significant @ 0.05, NS: Non-Significant
Figures with same superscript are statistically on par
The EC of soil increased on application of silkworm litter based liquid manure than control. Helkaih et al. (1995) found that the increase in EC could be attributed to reduction in volume, which enhances the concentration of nutrients and insoluble salts.
3.1.3 Organic carbon (%)
The organic carbon content of soil was significantly influenced by the application of SLLM with RDF. More Organic carbon content of 0.82 per cent in soil was recorded in T9 followed by T7 (0.75 %). Less organic carbon content of 0.55 per cent was recorded in T10 (Control) (Table 6). 
These findings are supported by Mala and Chandrashekhar (2020) who reported highest organic carbon content of 0.71 per cent 50% Seri Bio-digester effluent + 25% Bio-digester effluent + 25% RDF and lower (0.59 %) in 100% Recommended dose of fertilizers.
Organic manure decomposition has been shown to increase soil organic matter content and thus organic carbon (Garcia et al. 1993). In the present study, decomposition of SLLM led to increased organic carbon content in soil. 
3.1.4 Available nitrogen 
Application of SLLM significantly increased the available nitrogen content in soil. The highest nitrogen content of 413.80 kg ha-1 was observed in T9 followed by T7 (404.23 kg ha-1). Less nitrogen content of 318.17 kg ha-1 was recorded in T10 (Control) (Table 7).
The results of the current investigation are consistent with the earlier findings of Mala and Chandrashekhar (2020) who reported higher available nitrogen content of 285.38 kg ha-1 in soil of mulberry garden due to combined application of 50 % of seri bio-digestor effluent + 25 % bio-digestor effluent + 25 % RDF. 
The similar findings were recorded by Hemavathi (2021) who recorded highest available nitrogen content of 316.36 kg ha-1 in bio digested liquid organic manure equivalent to 150 % N ha-1 which was found on par with bio digested liquid organic manure equivalent to 125 % N ha-1 (313.27 kg ha-1 ), jeevamrutha equivalent to 150 % N ha-1 (310.53 kg ha-1), amritpani equivalent to 150 % N ha-1 (309.88 kg ha-1) and 100 % RDF (304.94 kg ha-1). Whereas, the lowest nitrogen content was recorded in amritpani equivalent to 100 % N ha-1 (281.41 kg ha-1).
The significant increase in available nitrogen content might be attributed to the stimulative action of beneficial microorganisms found in the manure (Sivojiene et al. 2021) indicating SLLM is nutrient-rich organic fertilizers for plants that aid in the uptake of available nitrogen from the soil. 
Table 7: Influence of SLLM on soil macronutrient (NPK) content at 60 Days after pruning
	Treatments
	Available N (kg/ha)
	Available P2O5 (kg/ha)
	Available K2O (kg/ha)

	Before treatment
	306.20
	20.05
	141.20

	T1
	355.17cde
	24.70e
	214.93cd

	T2
	337.20dfg
	21.97g
	181.57f

	T3
	364.67c
	28.93d
	225.07bc

	T4
	362.83c
	29.17d
	229.37b

	T5
	348.00cdef
	22.50fg
	193.87e

	T6
	390.87b
	30.50c
	234.83b

	T7
	404.23ab
	36.30a
	252.77a

	T8
	355.17cd
	23.30f
	210.87d

	T9
	413.80a
	32.43b
	254.07a

	T10
	318.17g
	20.17h
	147.67g

	F - test
	*
	*
	*

	S.E m±
	5.604
	0.424
	3.504

	C.D 0.05
	16.652
	1.260
	10.410

	C.V
	2.659
	2.721
	2.829


* - Significant @ 0.05; Figures with same superscript are statistically on par
3.1.5 Available phosphorus
	Significant increase in the available phosphorus content was also recorded due to application of the manure. Among the different treatments highest available phosphorus (36.3 kg ha-1) was recorded in T7 followed by 32.43 kg ha-1 in T9. Whereas lowest phosphorus content (20.17 kg ha-1) was recorded in T10 (Control) (Table 7).
Results of current study are in conformity with Mala and Chandrashekhar (2020) who reported that the highest available phosphorous content of 49.82 kg ha-1 was recorded in 50 % of seri bio-digestor effluent + 25 % bio-digestor effluent + 25 % RDF compared to other treatments. The results are also in conformity with the findings of Hemavathi (2021) who reported the highest available phosphorus content of soil (51.51 kg ha-1) when applied with bio digested liquid organic manure equivalent to 150 % N ha-1.
It might be due to increased microbial activity in soil which aids in the solubilization of phosphorus enhancing the available phosphorus content in the soil. This makes the unavailable phosphorus accessible for plant uptake (Xiao-ping et al., 2011). 
3.1.6 Available potassium
Application of SLLM significantly increased the available potassium content in the soil. Among the treatments, highest available potassium content of 254.07 kg ha-1 was recorded in T9 and T7 (252.77 kg ha-1). Whereas lowest potassium content of 147.67 kg ha-1 was recorded in T10 (Control) (Table 7).
	Similar observations were recorded by Mala and Chandrashekhar (2020) who reported that the highest available potassium content of 186.05 kg ha-1 was recorded in 50 % of seri bio-digestor effluent + 25 % bio-digestor effluent + 25 % RDF compared to other treatments. 
This increase in accessible potassium could be attributed to the fact that liquid organic manures, unlike chemical fertilizers, lower acidity in the soil and do not leach. They also serve to improve soil structure, including air circulation, which supports bacteria that aid in the release of nutrients into the soil (Xiao-ping et al., 2011). 
Table 8: Influence of Silkworm litter based liquid organic manure (SLLM) on soil micro nutrient status at 60 Days after pruning (DAP)
	Treatments
	Cu (ppm)
	Zn (ppm)
	Fe (ppm)
	Mn (ppm)

	Initial
	0.26
	0.51
	1.48
	11.34

	T1
	0.40de
	1.04f
	1.74de
	17.58d

	T2
	0.32f
	0.76h
	1.60f
	13.42f

	T3
	0.40de
	1.10e
	1.80d
	17.74d

	T4
	0.44d
	1.46d
	2.16c
	18.88c

	T5
	0.38e
	0.84g
	1.66ef
	13.98f

	T6
	0.50c
	1.60c
	2.22c
	20.42b

	T7
	0.56b
	2.02b
	2.50b
	20.96b

	T8
	0.38e
	1.00f
	1.70e
	15.10e

	T9
	0.92a
	2.64a
	2.72a
	32.06a

	T10
	0.26f
	0.58i
	1.60f
	11.58g

	F - test
	*
	*
	*
	*

	S.Em ±
	0.008
	0.019
	0.022
	0.294

	C.D 0.05
	0.024
	0.056
	0.067
	0.880

	C.V
	3.041
	2.469
	1.972
	2.802


* - Significant @ 0.05; Figures with same superscript are statistically on par  
3.1.7 Micronutrients content 
	Significant increase in the micronutrients content was observed in all the treatments applied with silkworm litter liquid manure than control. The maximum availability of Zn, Cu, Fe and Mn (2.64 ppm, 0.92 ppm, 2.64 ppm and 32.06 ppm, respectively) was recorded in T9. This was followed by T7 which recorded 0.56 ppm Cu, 2.02 ppm Zn, 2.50 ppm Fe and 20.96 ppm Mn.  The lowest available micronutrient contents were found in T10 (Control) with 0.58 ppm, 0.26 ppm, 1.60 ppm and 11.58 ppm (Zn, Cu, Fe and Mn) content, respectively (Table 8).
These results are comparable with the observations of Mala and Chandrashekhar (2020) who reported maximum micronutrient contents of 4.31 ppm Cu, 13.17 ppm Zn, 19.33 ppm Fe and 24.35 ppm Mn in 50 % of seri bio-digestor effluent + 25 % bio-digestor effluent + 25 % RDF compared to other treatments. 
The results are also in accordance with Rashmi et al. (2006), who found that the use of diverse organic manure sources combined with chemical fertilizers considerably increased the available micro nutrients in crop soil.
3.2 Influence of SLLM on soil microbial population.
 	All the treatments with SLLM were effective in increasing soil microbial population than control. Highest average bacterial, fungal and actinomycetes population (51.83 X 106 cfu g-1, 6.50 X 102 cfu g-1 and 61.55 X 104 cfu g-1, respectively) was found in T9. It was followed by T7 which recorded 47.50 X 106 cfu g-1, 5.83 X 102 cfu g-1 and 53.50 X 104 cfu g-1 bacteria, fungi and actinomycetes, respectively. The lowest microbial population of bacteria, fungi and actinomycetes (13.67 X 106 cfu g-1, 1.17 X 102 cfu g-1 and 23.50 X 104 cfu g-1) was recorded in T10 (Control). (Table 9) (Plate 1, 2 & 3).
	The results of current study are in conformity with Rajanna (2010) who reported significantly higher microbial population (242.3 X106 cfu/g, 30.7 × 104 cfu/g, 61.2 × 104 cfu/g, 185.0 × 105 cfu/g and 195.0 X105 cfu/g of total bacteria, fungi, actinomycetes, nitrogen fixers and P solubilizers, respectively) with application of vermicompost equivalent to 10 t of FYM + jeevamrutha at 100 % N equivalent.
Similar results were also reported by Lavanya et al. (2016) in field bean crop who revealed  that  maximum  population  of  general  bacteria, fungi, actinomycetes, N-fixers, Pseudomonas and PSB were observed to be 40×105 cfu g-1,  32×103 cfu g-1, 15×104 cfu g-1, 21×105 cfu  g-1,  3×105cfu g-1 and 25×105 cfu g-1, respectively in the soil treated with jeevamrutha at 400 l acre-1 and 7.50 per cent panchagavya when compared to control (5×105 cfu g-1, 3×104 cfu g-1, 8×103 cfu g-1, 10×105 cfu g-1, 1×105 cfu g-1 and 10 ×105 cfu g-1 general bacteria, actinomycetes , fungi, N-fixers, Pseudomonas and PSB, respectively).
	The increase in the general microbial population might be due to increased organic matter content in soil which serves as food for microbes. Application of organic manure enhances beneficial microorganisms and promotes enzyme activity enhancing microbial diversity and activity in the soil (Sivojiene et al. 2021).  








[bookmark: _Hlk177642621]Table 9: Influence of Silkworm litter based liquid organic manure (SLLM) on soil microbial population at 60 Days after pruning
	Treatments
	Bacteria (X 106 cfu g-1)
	Fungi (X 102 cfu g-1)
	Actinomycetes (X 104 cfu g-1)

	
	Crop - 1
	Crop - 2
	Average
	Crop - 1
	Crop - 2
	Average
	Crop - 1
	Crop - 2
	Average

	T1
	24.33bc
	24.67cd
	24.50bcd
	3.00b
	3.00bc
	3.00c
	31.43e
	45.23d
	38.33f

	T2
	14.67c
	16.00d
	15.33d
	1.00c
	1.33c
	1.17d
	23.85gh
	33.67f
	28.76i

	T3
	25.67bc
	26.67bcd
	26.17bcd
	3.33b
	3.00bc
	3.17c
	39.57d
	44.67d
	42.12e

	T4
	30.67bc
	31.33bc
	31.00bc
	3.00b
	3.33b
	3.17c
	45.00c
	47.00d
	46.00d

	T5
	16.33c
	19.33cd
	17.83cd
	1.00c
	1.33c
	1.17d
	24.00g
	35.00f
	29.50h

	T6
	38.67ab
	39.00ab
	38.83ab
	3.00b
	6.00a
	4.50b
	51.10b
	50.06c
	50.58c

	T7
	49.33a
	45.67a
	47.50a
	5.00a
	6.67a
	5.83a
	52.03b
	55.05b
	53.54b

	T8
	19.00c
	21.00cd
	20.00cd
	2.00bc
	1.33c
	1.67d
	30.19f
	35.37e
	32.78g

	T9
	53.00a
	50.67a
	51.83a
	6.00a
	7.00a
	6.50a
	58.21a
	64.19a
	61.20a

	T10
	12.33c
	15.00d
	13.67d
	1.00c
	1.33c
	1.17d
	21.00h
	26.00g
	23.50j

	F - test
	*
	*
	*
	*
	*
	*
	*
	*
	*

	S.E m ±
	5.501
	4.041
	4.631
	0.527
	0.577
	0.380
	0.460
	0.575
	0.502

	C.D 0.05
	16.341
	12.006
	13.759
	1.566
	1.715
	1.129
	1.368
	1.708
	1.490

	C.V
	33.546
	24.194
	27.983
	32.219
	29.126
	21.009
	2.179
	2.248
	2.148


[bookmark: _GoBack]* - Significant @ 0.05; Figures with same superscript are statistically on par
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Plate 1. Bacterial population of soil as influenced by Silkworm litter based liquid organic manure (SLLM) 
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Plate 2. Population of fungi in soil as influenced by Silkworm litter based liquid organic manure (SLLM)
[image: ]
Plate 3. Population of actinomycetes in soil as influenced by Silkworm litter based liquid organic manure (SLLM) 

4. Conclusion
Silkworm litter based liquid organic manure (SLLM) is a nutrient rich manure which is an effective and sustainable alternative to synthetic fertilizers for enhancing soil nutrient content and microbiota in mulberry garden. The present investigation clearly demonstrates that application of SLLM not only improves soil physio-chemical properties like soil pH, OC, macro and micronutrients content but also enhances soil microbial population. All the treatments with different doses of SLLM found effective. Among the treatments, RDF + Soil drenching of 250 l acre-1 of 20% SLLM at 10 DAP + Foliar spray of 150 l acre-1 of 10% SLLM at 25 DAP (T9) recorded optimum soil nutrients and microbial population. These findings highlight the potential of silkworm litter as a sustainable and eco-friendly alternative to chemical fertilizers, contributing to both organic sericulture and circular bio-resource management. 
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