


Efficacy of Varied Liquid Microbial Formulations on the Growth and Yield Performance of Mulberry (Morus indica L.)

Abstract
Optimizing fertilizer application effectively boosts mulberry yields without degrading soil quality in high-density sericulture systems. A field experiment was conducted during 2021–22 and 2022–23 in farmers' fields at Gaddekannuru village, Kolar Taluk, Karnataka, by ICAR–Krishi Vigyan Kendra (KVK), Kolar, to evaluate the efficacy of different liquid microbial formulations on the growth, yield, leaf quality, cocoon productivity and economics of mulberry (Morus indica L.). The treatments included the recommended dose of fertilizers (RDF) and farmyard manure (FYM) alone (T₁), RDF + Liquid Microbial Consortia (T₂), RDF + Arka Microbial Consortia (T₃) and RDF + Waste Decomposer Solution (T₄) with microbial formulations applied through drip irrigation at 8 and 25 days after pruning. Pooled data of two consecutive years revealed significant differences among the treatments. Among the treatments, T₂ (RDF + Liquid Microbial Consortia) recorded the highest number of branches (15.40 per plant), leaves (26.36 per branch), leaf yield (1.302 kg per plant and 120.51 q per ha per crop), and cocoon yield (457.96 kg per ha). It also produced superior leaf quality with the highest leaf moisture content (77.50%), moisture retention capacity (71.90%), total chlorophyll (45.80%), protein (25.10%) and carbohydrate content (16.65%). Economic analysis indicated that T₂ generated the highest gross return (183,184 per ha), net return (132,734 per ha) and benefit–cost ratio (3.63) followed by T₃ (RDF + Arka Microbial Consortia). Results reveal that combining liquid biofertilizers with standard nutrient recommendations significantly boosts mulberry biomass, leaf nutritive value, silkworm cocoon output, and net farm profits. Adoption of liquid microbial consortia through drip irrigation represents a sustainable nutrient management approach that enhances fertilizer use efficiency, reduces dependence on chemical fertilizers and promotes environmentally sustainable sericulture. 
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Introduction

Sericulture is a unique domain of agriculture combining both botanical aspects of mulberry cultivation and zoological aspects of silkworm rearing. Mulberry (Morus indica L.) is the sole food plant of the silkworm (Bombyx mori L.) and constitutes the base of the sericulture industry. The productivity and quality of mulberry leaves directly influence silkworm growth, cocoon yield, silk quality and profitability of sericulture. Cultivation of high yielding mulberry varieties under intensive harvesting requires balanced nutrient inputs, often leading to depletion of soil fertility, reduced soil organic carbon and deterioration of soil biological activity. Therefore, sustainable nutrient management has become crucial for maintaining long term productivity and soil health in mulberry cultivation (Dandin and Giridhar, 2014). Consequently, integrated nutrient management approches combining chemical fertilizers with biological inputs have obtained considerable attention for improving soil fertility, sustaining leaf productivity and minimizing adverse environmental consequences (Ahmed et al., 2017; Allouzi et al., 2022).

Beneficial soil microbes play a critical role in optimizing nutrient availability and accelerating plant development by fixing nitrogen, solubilizing phosphorus and potassium and mobilizing key micronutrients. Additionally, they produce vital plant hormones and defend against soil-borne diseases. Key bacterial groups like Azospirillum, Azotobacter, PSB, and KSB directly enhance root systems, nutrient uptake and chlorophyll production. This increases photosynthetic efficiency, ensuring stronger crop growth and higher productivity (Vessey, 2003; Naik et al., 2020). In mulberry, microbial inoculants integrated with recommended fertilizer doses have been reported to improve shoot growth, leaf yield, chlorophyll content, protein content and soil fertility (Bharathi et al., 2004; Govindan et al., 2016; Kumaresan et al., 2017; Shravanilakshmi et al., 2025). 
Liquid microbial formulations have recently emerged as an effective alternative to conventional carrier-based biofertilizers because of their high microbial viability, longer shelf life, rapid rhizosphere colonization, and suitability for application through drip irrigation and fertigation. These formulations improve nutrient-use efficiency, stimulate soil biological activity, and enhance plant growth while reducing dependence on chemical fertilizers (Naik et al., 2020; Rajanna et al., 2021). However, comparative information on the performance of different liquid microbial formulations under irrigated mulberry cultivation is limited, particularly under the intensive production systems practiced in southern India.
Therefore, the present study was undertaken to evaluate the efficacy of different liquid microbial formulations on the growth, leaf yield, leaf quality, cocoon productivity and economics of mulberry (Morus indica L.) under irrigated field conditions in Kolar district, Karnataka.  The findings are expected to provide scientific basis for developing an efficient biological nutrient management strategy that improves mulberry productivity and soil health, reduces dependence on chemical fertilizers and contributes to sustainable cocoon production.
Materials and Methods
Experimental site
The present experiment was conducted in the cluster village of Gaddekannuru, Kolar Taluk, Kolar District, Karnataka, consecutive years during 2021–22 and 2022–23. The experimental site is located in the Eastern Dry Zone (Zone V) of Karnataka and is characterized by a semi-arid tropical climate with red sandy loam soils, which are well suited for irrigated mulberry cultivation.
Experimental crop
The Field trials were conducted in an established  five year old V-1 mulberry garden under irrigated condition, maintaining a plant spacing of 4 ft × 3 ft.  The crop was maintained following the recommended package of practices for mulberry cultivation prescribed by the Central Silk Board, Bengaluru, except for the nutrient management treatments evaluated in the study (Dandin and Giridhar, 2014).
Experimental design and treatments
The experiment was laid out in a Randomized Complete Block Design (RCBD) comprising four treatments and five replications. The trial was conducted in farmers' fields, with each farmer representing one replication. The treatment details were as follows:
T₁: Recommended dose of fertilizers (RDF) and farmyard manure (FYM) consisting of 350:140:140 kg NPK/ha/year along with 20 t FYM /ha/year, applied in five equal split doses (Farmer's practice).
T₂: RDF + FYM + Liquid Microbial Consortia applied through drip irrigation at 7.5 L /ha /crop at 8 and 25 days after pruning (DAP).
T₃: RDF + FYM + Arka Microbial Consortia applied through drip irrigation at 7.5 L/ ha/crop at 8 and 25 DAP.
T₄: RDF + FYM + Waste Decomposer Solution (20 g culture dissolved in 200 L water acre/crop) applied through drip irrigation at 8 and 25 DAP.
The Standard crop maintenance and nutrient applications were implemented in accordance with the established packages of practices for irrigated V-1 mulberry (Dandin et al., 2003).
Application of liquid microbial formulations
The liquid microbial formulations were applied through the existing drip irrigation system to ensure uniform distribution in the active root zone. Two applications were made during each crop cycle at 8 and 25 days after pruning (DAP)  corresponding to the period of active vegetative growth. Application through drip irrigation facilitates efficient colonization of beneficial microorganisms in the rhizosphere and enhances nutrient availability to plants (Naik et al., 2020; Allouzi et al., 2022).
Crop management
Regular agronomic practices viz., irrigation scheduling, inter cultivation, weed management, pruning and plant protection measures were followed in all the treatments throughout the experimental period in accordance with the recommended package of practices for mulberry cultivation (Dandin et al., 2003).
Observations recorded
Observations on growth, yield, leaf quality, and economic parameters were recorded from each treatment following the standard procedures recommended for mulberry experimentation (Dandin and Giridhar, 2014). Growth parameters included number of shoots per plant, number of leaves per shoot, leaf moisture content (%) and leaf quality. Leaf yield was recorded at each harvest on a plot basis and expressed as tonnes per hectare per crop (t /ha/crop), while annual leaf yield was calculated by summing the yields of all crops and expressed as tonnes per hectare per year (t /ha/year). 
Leaf quality parameters in mulberry were evaluated using standard gravimetric and spectrophotometric procedures, determining moisture content via oven-drying and moisture retention capacity through room-temperature desiccation (AOAC, 1980; Bongale and Chaluvachari, 1995). Total chlorophyll content was extracted with 80% acetone and calculated using simultaneous spectrophotometric equations at 645 nm and 663 nm (Arnon, 1949). Finally, total soluble protein and carbohydrate contents were quantified colorimetrically using the Folin-Ciocalteu phenol reagent at 660 nm and the acid-anthrone hydrolysis method at 630 nm, respectively (Lowry et al., 1951; Dubois et al., 1956).
Economic parameters, including cost of cultivation, gross returns, net returns, and benefit–cost ratio (B), were computed using the prevailing market prices of inputs and outputs to assess the economic viability of the different liquid microbial formulations (Central Silk Board, 2020).
Statistical analysis: Data were analyzed using RCBD-based ANOVA, and treatment means were compared using the LSD test (P ≤ 0.05) per Gomez and Gomez (1984)

Results and Discussion
The pooled analysis of data collected over two consecutive years (2021–22 and 2022–23) revealed that the application of different liquid microbial formulations significantly influenced mulberry growth, leaf yield, leaf quality, cocoon yield, and economic returns compared with the recommended fertilizer practice (Tables 1–3). 
Effect of Liquid Microbial Formulations on Mulberry Growth and Leaf Yield
Application of liquid microbial formulations significantly enhanced the vegetative growth and leaf yield of mulberry compared with the recommended fertilizer practice (Table 1). Among the treatments, T₂ (Recommended NPK + FYM + Liquid Microbial Consortia) recorded the highest number of branches (15.40 per plant) and leaves (26.36 per branch), which were significantly superior to T₁ (Recommended NPK + FYM alone), which produced 13.48 branches per plant and 23.40 leaves per branch. Treatment T₃ (Arka Microbial Consortia) recorded statistically comparable values (15.31 branches per plant and 26.15 leaves per branch), while T₄ (Waste Decomposer Solution) also significantly improved vegetative growth over the control.
The enhanced vegetative growth observed under microbial treatments can be attributed to the synergistic action of beneficial microorganisms that promote biological nitrogen fixation, solubilization of phosphorus and potassium, mobilization of micronutrients and synthesis of plant growth promoting substances such as auxins, gibberellins and cytokinins. These processes stimulate root development, improve nutrient uptake and enhance photosynthetic efficiency, resulting in vigorous plant growth (Vessey, 2003; Naik et al., 2020).
The improvement in vegetative growth was reflected in significantly higher leaf productivity. Treatment T₂ recorded the highest leaf yield of 1.302 kg per plant and 120.51 q per ha per crop, followed by T₃ (1.294 kg per plant and 119.80 q per ha per crop) and T₄ (1.241 kg per plant and 114.96 q per ha per crop), whereas T₁ recorded the lowest yield (1.106 kg per plant and 102.36 q per ha per crop). The application of Liquid Microbial Consortia (T₂) increased leaf yield by 17.7 percent over the recommended fertilizer practice. The higher leaf yield may be attributed to improved nutrient-use efficiency, enhanced chlorophyll synthesis, greater photosynthetic activity, and increased biomass accumulation resulting from enhanced microbial activity in the rhizosphere. These findings are consistent with earlier reports on the beneficial effects of microbial inoculants on mulberry growth and leaf production (Bharathi et al., 2004; Naik et al., 2020; Shahwar et al., 2023).
Effect of Liquid Microbial Formulations on Leaf Quality and Cocoon Yield
Application of liquid microbial formulations significantly improved the quality of mulberry leaves compared with the recommended fertilizer practice (Table 2). Among the treatments, T₂ (Recommended NPK + FYM + Liquid Microbial Consortia) recorded the highest leaf moisture content (77.50%), moisture retention capacity (71.90%), total chlorophyll (45.80%), protein (25.10%), and carbohydrate content (16.65%). Treatment T₃ (Arka Microbial Consortia) produced statistically comparable values for most quality parameters, whereas T₁ (Recommended NPK + FYM alone) consistently recorded the lowest values with 71.20 percent leaf moisture, 64.40 percent moisture retention, 38.50 percent, total chlorophyll, 20.25 percent protein, and 13.15 percent carbohydrate content.
The improvement in leaf quality may be attributed to enhanced nutrient availability and uptake resulting from the activity of beneficial microorganisms involved in biological nitrogen fixation, phosphorus and potassium solubilization, micronutrient mobilization, and phytohormone production. These processes promote nitrogen assimilation, chlorophyll biosynthesis, enzymatic activity, and photosynthetic efficiency, leading to higher accumulation of proteins and carbohydrates in mulberry leaves (Vessey, 2003; Allouzi et al., 2022; Nath et al., 2025). Increased leaf moisture and moisture retention further improve leaf succulence and maintain leaf freshness after harvest, thereby enhancing nutrient utilization by silkworm larvae.
The quality of mulberry leaf converted into significantly higher cocoon productivity. Treatment T₂ recorded the highest cocoon yield (457.96 kg per ha), followed by T₃ (455.25 kg per ha) and T₄ (436.85 kg per ha), whereas T₁ recorded the lowest yield (368.50 kg per ha). The application of Liquid Microbial Consortia increased cocoon yield by approximately 24.3 percent over the recommended fertilizer practice. The enhanced cocoon yield can be attributed to the improved nutritional quality of mulberry leaves, particularly their higher protein, chlorophyll, and carbohydrate contents, which promote better larval growth, silk gland development and cocoon formation. Similar improvements in mulberry leaf quality and cocoon productivity following the integration of microbial inoculants with recommended nutrient management have been reported by Govindan et al. (2016), Rajanna et al. (2021) and Shahwar et al. (2023).
Effect of Liquid Microbial Formulations on Economics
Economic analysis indicated that the integration of liquid microbial formulations with the recommended nutrient management practices significantly improved the profitability of mulberry cultivation (Table 3). Although the cost of cultivation increased marginally from Rs.50,000 per ha in T₁ to Rs.50,450 – Rs.50,789 per ha in the microbial treatments due to the additional cost of the formulations, the higher productivity resulted in substantially greater economic returns.
Among the treatments, T₂ (Recommended NPK + FYM + Liquid Microbial Consortia) recorded the highest gross return (Rs.183,184 per ha), net return (Rs.132,734 per ha), and benefit cost (BC) ratio (3.63), followed closely by T₃ (Recommended NPK + FYM + Arka Microbial Consortia), which recorded a gross return of Rs.182,100 per ha, a net return of Rs.131,311 per ha, and  BC ratio of 3.58. In contrast, T₁ (Recommended NPK + FYM alone) recorded the lowest gross return (Rs.138,187 per ha), net return (Rs.88,187 per ha ), and B ratio (2.76). The net return obtained with T₂ was approximately 50.5 percent higher than that of the recommended fertilizer practice, demonstrating that the modest additional investment in liquid microbial formulations was effectively compensated by the substantial increase in leaf and cocoon productivity. The enhanced economic returns achieved under T₂ can be attributed to improved nutrient-use efficiency, superior leaf yield and quality, and higher cocoon production, which collectively increased farm profitability. These findings are in agreement with earlier reports highlighting the economic benefits of integrating microbial inoculants into nutrient management programmes through enhanced crop productivity and input-use efficiency (Naik et al., 2020; Allouzi et al., 2022).
The pooled results demonstrated that integrating Liquid Microbial Consortia (T2) with recommended fertilizers (RDF) and farmyard manure (FYM) constitutes the most effective nutrient management strategy for irrigated mulberry cultivation. This approach significantly enhances vegetative growth, leaf yield, quality and economic returns compared to conventional practices (T1). While Arka Microbial Consortia (T3) provides comparable results, the Waste Decomposer Solution (T4) also outperforms standard fertilizer methods. Enhanced nutrient cycling, nitrogen fixation, and phytohormone production driven by these consortia improve overall plant metabolism. Ultimately, applying liquid microbial formulations through drip irrigation represents a sustainable method for boosting long-term sericulture productivity and soil health
Conclusions
The pooled results of the two-year field experiment indicated that application of RDF + FYM + Liquid Microbial Consortia through drip irrigation at 8 and 25 days after pruning gave the best overall response in V-1 mulberry under irrigated conditions. This treatment recorded the highest vegetative growth, leaf yield, selected leaf-quality parameters, cocoon yield, gross return, net return, and benefit–cost ratio among the tested treatments. Arka Microbial Consortia also produced comparable results for several parameters. The findings suggest that liquid microbial formulations can be integrated with recommended nutrient management practices for improving mulberry productivity and economic returns under the tested conditions.
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Table 1 : Efficacy of Varied Liquid Microbial Formulations on the Growth and Yield Performance of Mulberry
	Treatments
	No of branches/ plant
	No of leaves/ branches
	Leaf yield (kg/plant)
	Leaf yield (q/ha/crop)
	Cocoon yield (Kg/ha)

	T1
	13.48
	23.40
	1.106
	102.36
	368.50

	T2
	15.40
	26.36
	1.302
	120.51
	457.96

	T3
	15.31
	26.15
	1.294
	119.80
	455.25

	T4
	15.12
	25.63
	1.241
	114.96
	436.85

	SEm±
	0.32
	0.51
	0.025
	2.45
	9.80

	CD (p=0.05)
	0.99
	1.57
	0.077
	7.55
	30.20



Table 2 : Efficacy of Varied Liquid Microbial Formulations on Quality of Mulberry 
	Treatments
	Leaf moisture content (%)
	Total moisture retention capacity (%)
	Total chlorophyll (%)
	Total protein (%)
	Total carbohydrates (%)

	T1
	71.20
	64.40
	38.50
	20.25
	13.15

	T2
	77.50
	71.90
	45.80
	25.10
	16.65

	T3
	76.90
	70.55
	44.10
	24.65
	16.10  

	T4
	74.35
	67.20
	41.40
	22.80
	14.85

	SEm±
	1.15
	1.30
	0.85
	0.48
	0.35

	CD (p=0.05)
	3.54
	4.01
	2.62
	1.48
	1.08



Table 3 : Economic Analysis of Varied Liquid Microbial Formulations on Mulberry Yield
	Treatments
	Gross cost (Rs./ha)
	Gross Return (Rs./ha)
	Net Return (Rs./ha)
	B:C Ratio (Rs.)

	T1
	50000
	138187
	88187
	2.76

	T2
	50450
	183184
	132734
	3.63

	T3
	50789
	182100
	131311
	3.58

	T4
	50240
	174740
	124500
	3.48









