Effect of vermicompost on growth and yield parameters of mulberry 


Abstract : 
Vermicomposting, a process leveraging earthworms' bio-conversion capabilities, transforms organic waste into nutrient-dense compost. The resultant vermicompost exhibits a peat-like structure, characterized by excellent moisture retention and nutrient availability, rendering it a valuable amendment for potting media. Application of vermicompost has been shown to significantly enhance mulberry plant growth and development, manifesting in increased shoot length, leaf count, fresh and dry weight of shoots, rooting percentage, and moisture retention capacity. Furthermore, vermicompost incorporation improves biochemical parameters, including total carbohydrates, proteins, crude fiber, and ash content, as well as major nutrient (N, P, K) concentrations. Notably, a higher proportion of vermicompost in planting media correlates with improved root growth, survival percentage, and root biomass. The enhanced nutrient profile and structural properties of vermicompost contribute to improved mulberry plant growth and yield parameters. These findings suggest that vermicompost can be a valuable tool for optimizing mulberry cultivation, particularly in soilless or containerized production systems. By harnessing the benefits of vermicompost, growers can potentially improve crop yields, reduce environmental impacts, and promote sustainable agricultural practices.
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INTRODUCTION
India is the second largest silk producing country next to China. Mulberry is a very hardy and fast growing perennial plant belonging to the genus Morus of the family Moraceae. The leaf of mulberry is used for feeding and rearing of the silkworm, Bombyx mori for the production of silk yarn. 
Morus alba L., a perennial mulberry species, exhibits remarkable adaptability to diverse environmental conditions, including tropical, subtropical, and temperate regions, due to its rapid growth rate and short proliferation period. As a commercial crop, mulberry serves as the primary food source for Bombyx mori L., the silkworm. The quality of mulberry foliage is significantly influenced by soil and climatic conditions, which in turn affects the quantitative and qualitative attributes of cocoon production. As a vegetatively propagated crop, successful initial establishment is crucial for optimal yields. Mulberry propagation is commonly achieved through stem cuttings in nurseries or direct field planting. The primary application of mulberry lies in sericulture, where its leaves are utilized for silkworm rearing and silk production. Understanding the ecological and agronomic factors influencing mulberry growth and quality is essential for optimizing cocoon yields and silk production. Effective mulberry cultivation practices can significantly impact the sericulture industry's productivity and sustainability.
In commercial cultivation, mulberry garden is generally established from stem cuttings, using saplings for the establishment of mulberry garden has got many distinct benefits over direct planting of cuttings. Saplings are rooted cuttings that are used as planting material. Saplings will establish quickly and grow vigorously.
“To improve the rooting ability, and for proper establishment of the plants, the rooting substrate in which it is grown plays a very important role in survival, growth, and establishment of the mulberry saplings. The type of media used has significant influence on vegetative growth and rooting of cuttings” (Prakash et al., 2024) 
“Amongst organic manures vermicompost is becoming popular because it is eco-friendly soil conditioner, vermicompost has additional attributes of providing enzymes and hormones which stimulate plant growth” (Abbasi and Ramasamy, 1999). “Compared to other organic manures vermicompost is rich in nutrients, microbiologically active amendment which is obtained from the interaction between microorganisms and earthworms in the breakdown of organic matter”. (Dominguez and Edwards, 2004).
“Vermiwash is liquid manure that has been reported to have excellent growth promoting effect besides serving as biopesticide. Vermiwash is the watery extract of Vermicompost, extracted in the presence of rich population of earthworms and contains several enzyme, plant growth hormones, vitamins along with micro and macronutrients which increases the resistance power of crops against various diseases and enhance the growth and productivity of crops” (Sivasakthi et al., 2022).
[bookmark: _GoBack]The vermicomposting process increases microbial population and activity largely, hence the possibility of vermicompost for being ultimate source of plant growth regulators, which will contribute significantly for the enhancement of plant growth and yields. The first suggestion that earthworms are capable of producing plant growth regulators was given by Gavrilov (1963).

VERMICOMPOSTING AND METHODS
· Vermicomposting is a simple biotechnological process of composting in which certain species of earthworms are used to enhance the process of waste conversion and produce a better nutrient rich end product
· “Vermicompost is a peat like material with excellent structure, porosity, aeration, drainage and moisture holding capacity” (Dominguez et al., 1997)
· “Vermicomposting differs from other composting methods because it is a mesophilic process which is faster than composting because the material passes through the earthworm gut a significant transformation thereby resulting the earthworm castings (worm manure) are rich in microbial activity and plant growth regulators, fortified with pest repellence attributes as well a type of biological alchemy are capable of transforming garbage into ‘gold’”. (Karmakar et al., 2015)
· The types of vermicomposting depend upon the amount of production and composting structures 
· Small-scale vermicomposting is done to meet personal requirements and farmers/gardeners can harvest 5-10 tons of vermicompost annually 
· On the other hand, large-scale vermicomposting is done on commercial scale by recycling large quantities of organic waste in modern facilities with the production of hundreds of tons annually
ADVANTAGES OF VERMICOMPOST APPLICATION
Venugopal et al. (2010) reported that vermicompost is an eco-friendly natural fertilizer prepared from biodegradable organic wastes and is free from chemical inputs.
· It does not have any adverse effect on soil, plant and environment.
·  It improves soil aeration, texture and tilth thereby reducing soil compaction.
·  It improves water retention capacity of soil because of its high organic matter content.
·  It promotes better root growth and nutrient absorption.
· [bookmark: _Hlk204530164] It improves nutrient status of soil-both macronutrients and micro-nutrients
Growth Parameters of Mulberry
According to Mahesh et al. (2021) “application of different types of organic manures and inorganic fertilizers to the soil showed significant increase in growth parameters of mulberry. The maximum shoot height (90.10 and 119.65 cm) during first crop and (92.30 and 121.63) during second crop, highest number of shoots per plant (10.73 and 12.70) during first crop and (11.26 and 13.11) during second crop at 45th and 60th day after pruning were recorded significantly in V1 mulberry raised with 5.88 tonnes of Vermicompost + recommended N, P & K @ 350: 140: 140 kg / ha / year through chemical fertilizers (T6). However, a value for this trait was lowest when mulberry raised with the application of recommended N, P & K @ 350: 140: 140 kg / ha / year through chemical fertilizers (T7) shows lowest observation during first crop on 45th and 60th day after pruning. The profound increase in shoot height and more number of shoots may be due to addition of nitrogen to the soil through different types of organic manures with inorganic fertilizers besides improving the organic carbon content and water retention capacity. Similar kinds of findings was observed by Shivakumar et al. (2000) who reported that, combined application of organic manures and inorganic fertilizers increased the number of shoots per plant. These results are in line with findings Murarkar et al. (1998) observed that, application of full dose of NPK + vermicompost @6000 kg/ha proved to be significantly superior for obtaining maximum number of branches and plant height in mulberry as compared to control”. 



Anusha (2020) studied on performance of mulberry saplings in different rooting substrates. The results revealed that, among different rooting substrates, vermicompost 	
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+ soil (3:1) exhibited significantly maximum fresh weight of shoot (7.97 g) and dry weight of shoot (1.42 g), which was on par with vermicompost + FYM + soil (1:1:2) that recorded 7.93 g and 1.41 g respectively. More number of leaves (8.17) were observed in vermicompost + soil (3:1) which was on par with vermicompost + soil (1:1) that recorded 8.03 at ninety days after planting. Cocopeat + soil (1:1) resulted in longest root (11.67 cm), maximum fresh weight of the root (1.65 g), dry weight of root (0.78), while maximum rooting percentage (97.78%) was recorded in cocopeat + soil (1:1), vermicompost + soil (1:3), vermicompost + soil (1:1) and vermicompost + soil (3:1), which were on par with vermicompost + soil (3:1) that recorded 11.37 cm, 1.56 g and 0.71 g respectively at ninety days after planting. Using vermicompost as a component in rooting media resulted in significantly better shoot and root parameters, survivability and faster growth and development of saplings.
Table. 1: Effect of different proportions of vermicompost on fresh weight of shoot (g) and 
               dry weight of shoot (g) (Prakash et al., 2024)
	Treatments
	Fresh weight of shoot (g)
	Fresh weight of shoot (g)

	
	60th DAP
	90th DAP
	60th DAP
	90th DAP

	T1 = 10 % vermicompost + 90 % soil* for V-1
	3.45
	5.97
	0.62
	1.18

	T2 = 20 % vermicompost + 80 % soil* for V-1
	3.84
	7.92
	0.66
	1.42

	T3 = 30 % vermicompost + 70 % soil* for V-1
	3.90
	7.97
	0.68
	1.45

	T4 = 40 % vermicompost + 60 % soil* for V-1
	3.96
	8.23
	0.69
	1.47

	T5 = Control (1/3 compost + 1/3 sand + 1/3 red soil) V-1
	2.74
	5.72
	0.58
	1.17

	T6 = 10 % vermicompost + 90 % soil* for S-36
	3.33
	5.73
	0.61
	1.13

	T7 = 20 % vermicompost + 80 % soil* for S-36
	3.39
	7.62
	0.63
	1.39

	T8 = 30 % vermicompost + 70 % soil* for S-36
	3.41
	7.78
	0.65
	1.40

	T9 = 40 % vermicompost + 60 % soil* for S-36
	3.73
	7.97
	0.66
	1.42

	T10 = Control (1/3 compost + 1/3 sand + 1/3 red soil) S-36
	2.43
	5.18
	0.55
	1.03

	T11 = 10 % vermicompost + 90 % soil* for S-13
	3.46
	5.82
	0.62
	1.16

	T12 = 20 % vermicompost + 80 % soil* for S-13
	3.59
	7.83
	0.65
	1.41

	T13 = 30 % vermicompost + 70 % soil* for S-13
	3.63
	7.89
	0.67
	1.42

	T14 = 40 % vermicompost + 60 % soil* for S-13
	3.74
	8.04
	0.68
	1.46

	[bookmark: _Hlk115113528]T15 = Control (1/3 compost + 1/3 sand + 1/3 red soil) S-13
	2.73
	5.40
	0.57
	1.14

	F-test
	**
	**
	**
	**

	SEm±
	0.147
	0.148
	0.021
	0.027

	CD @ 5%
	0.426
	0.427
	0.061
	0.079


* = Significant at 5%    DAP: Days after Pruning
	Sujit (2012) reported that humic acid in vermicompost stimulates plant growth even in a small amount. Humic acid in humus is essential to plants in four basic ways: a) Enables plant to extract nutrients from the soil, b) Helps to dissolve unresolved minerals to make organic matter ready for plants to use, c) Stimulates root growth, d) Helps plant to overcome stress.
Ghazy et al. (2020) studied the effect of vermicompost application in improving the productivity of mulberry trees and the silkworm, Bombyx mori L. and revealed that leaf moisture content, number of shoots per tree, total shoot length per tree, number of leaves per shoot, leaf yield per tree were found significantly higher in treatment having vermicompost @ 2 tons per 0.42 hectare.
Plants    fertilized    with   vermicompost    showed the maximum fresh leaf weight as 496.83±65.703,475.10±32.765   and   480.98± 33.115 respectively for all the plant types. This is followed   by   cow   dung   fertilized   plant   leaves irrespective of varieties.  And chemical fertilizer was observed to show least fresh leaf weight (Arumugavel, S et al., 2023).
Yield Parameters of Mulberry
According to Mahesh et al. (2021) “notable variation was registered with respect to leaf yield per plant and leaf yield per hectare of mulberry among different organic manures when applied to mulberry. Among the different treatments, significantly maximum leaf yield per plant (930.12 g) and leaf yield per hectare (55.97 tonnes) was recorded in T6 applied with 5.88 tonnes of Vermicompost + recommended N, P & K @ 350: 140: 140 kg / ha / year through chemical fertilizers during first crop and 939.33g /plant and 56.32 tonnes/ha during second crop followed by T4 and T9. The lowest fresh leaf yield of (904.00 g/plant and 52.11 tones/ha during first crop and 905.21 g/plant and 52.20 tones/ha during second crop) was recorded in T7 where only recommended N, P & K @ 350: 140: 140 kg / ha / year through chemical fertilizers was applied”.
According to Sannappa et al. (2005) “application of 50 per cent recommended N through vermicompost registered significantly higher plant height, number of shoots, number of leaves, leaf area and leaf yield in mulberry”. 
Sudhakar et al. (2018) evaluated the impact of vermicompost generated through the use of various resource materials such as silkworm rearing residue, seri-farm residue, avenue tree debris and municipal corporation waste in combination with recommended dose of NPK and FYM in mulberry. The studies revealed that 5 mt/ha/year vermicompost of silkworm rearing residue in combination with 50 per cent reduced dose of FYM (10 mt/ha/year) along with NPK (@ 350:140:140 kg/ha/year) resulted in increased leaf yield followed by the vermicompost of municipal corporation waste.
According to Hariwal et al. (2023) “the freshw eight of shoot and  the dry weight of shoot was significantly on par in treatments with 20 per cent vermicompost, 30 per cent vermicompost and 40 per cent vermicompost treatments in all three varieties viz., V-1, S-36 and S-13 followed by treatments with 10 per cent vermicompost, whereas the least dry weight of shoot of mulberry saplings was recorded in control (1/3 compost + 1/3 sand + 1/3 red soil) in all three varieties viz., V-1, S-36 and S-13”.
	The experiment conducted at farmers level in mulberry garden with FYM and vermicompost revealed that the number of leaves per plant was increased due to the application of vermicompost as compared to FYM applied plot. Similarly, maximum leaf yield was recorded in vermicompost applied plots. This clearly indicated that sustainable mulberry production is possible through the application of nutrient rich vermicompost (Krishna Rao et al., 2005).
	Zhang et al. (2020) reported that combined application of 50 per cent vermicompost and 50 per cent fertilizer can significantly improve the rhizosphere environment of mulberry soil and greatly increase the yield and quality of mulberry leaves.

Biochemical Parameters of Mulberry
	Naika (2007) reported the efficacy of different sources of organic manures (vermicompost, enriched vermicompost, FYM, coir pith compost, urban solid waste compost and bio-digested slurry) was evaluated as a nitrogen source in V-1 irrigated mulberry. Application of vermicompost + recommended P and K to mulberry resulted in significantly higher plant height, number of shoots per plant, number of leaves per plant, and leaf yield, while the leaf area index was higher with vermicompost and enriched vermicompost + recommended P and K and recommended FYM and NPK. crude protein, total carbohydrates, chlorophyll ‘a', chlorophyll 'b’, total chlorophyll, nitrogen, phosphorus, potassium, calcium, magnesium and sulphur contents were higher in both vermicompost and enriched vermicompost along with recommended P and K.

Table 2: Influence of different sources of organic manures on quality parameters of 
                mulberry  
	Treatments
	Leaf moisture (%)
	Crude protein (%)
	Total carbohydrate (%)
	Chlorophyll ‘a’
(mg/g)
	Chlorophyll ‘b’
(mg/g)
	Total chlorophyll
(mg/g)

	T1 = Vermicompost (100% N) + Recommended P and K
	74.68
	20.50
	18.92
	1.58
	0.75
	2.36

	T2 = Enriched vermicompost (100% N) + Recommended P and K 
	74.12
	20.31
	18.76
	1.59
	0.75
	2.37

	T3 = FYM ( 100% N) + Recommended P and K 
	73.41
	16.56
	17.08
	1.48
	0.72
	2.24

	T4 = Coir pith compost (100% N) + Recommended P and K 
	73.75
	16.38
	18.06
	1.40
	0.68
	2.09

	T5 = Urban solid waste compost (100% N) + Recommended P and K 
	73.03
	18.31
	17.21
	1.52
	0.73
	2.28

	T6 = Biodigested slurry (100% N) + Recommended P and K
	71.98
	15.88
	16.98
	1.49
	0.69
	2.32

	T7 = Recommended FYM and NPK 
	74.62
	18.50
	16.54
	1.58
	0.74
	2.35

	F-test
	*
	*
	*
	*
	*
	*

	S.Em ±
	0.451
	0.166
	0.165
	0.016
	0.012
	0.014

	C.D at 5%
	1.382
	0.508
	0.506
	0.049
	0.036
	0.042


* = Significant at 5%
The application of vermicompost prepared out of sericultural wastes increased the yield, NPK and protein contents in mulberry leaf when compared to FYM. Thus, it is possible to harvest sustained yield of mulberry with equally good quality leaf by supplying plant nutrients through high-grade organic manure like vermicompost and use of less chemical fertilizers (Reddy et al., 2000). 
The field experiment carried out for two years to test the efficacy of various composts and vermicompost prepared out of sericultural farm wastes on mulberry leaf yield and quality revealed that application of composts and vermicompost at reduced doses (4.5 to 6 MT/ha/year) on the basis of nitrogen present in the traditional farmyard manure with full dose of chemical fertilizers (300:120:120 kg NPK/ha/year) resulted in non-significant difference in the leaf yield as against the use of recommended dose of farmyard manure and full dose of chemical fertilizers. Chemo assay of leaf also indicated non-significant difference in the chemical constituents like phosphorus, potassium, moisture and chlorophyll contents in the treatment received vermicompost in comparison to other treatments (Bogesha et al., 2002).
Utilization of vermicompost was more effective and beneficial in terms of reducing the cost of organic manures and also improves the soil structure, stability, fertility, aeration besides improving the leaf yield and quality of mulberry. Since the FYM has become more expensive and scarce material, application of vermicompost to mulberry garden is more useful and economical. Mulberry varieties V-1 and S-36 showed better performance in terms of qualitative characters such as leaf moisture content, moisture retention capacity, chlorophyll, nitrogen and protein contents when vermicompost was applied to mulberry garden (Kasi Reddy et al., 2003).
CONCLUSION
Earthworms benefit farmers by improving soil quality, decomposing organic matter, and enhancing crop yields. Through vermicomposting, earthworms and microorganisms collaborate to break down organic waste into nutrient-rich vermicast. This process produces vermicompost, a valuable resource packed with: Plant nutrients, Enzymes, Antibiotics, Plant growth hormones and Beneficial microbes. Applying vermicompost boosts mulberry leaf quality and yield, leading to increased silk production. Earthworms' role in vermicomposting makes them invaluable allies for farmers, particularly in sericulture.
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