


Economic Analysis of Bivoltine Silkworm (Bombyx mori L.) Seed Crop Production in Tree Mulberry as Influenced by Graded Nutrient Management


Abstract
 Mulberry (Morus spp.) leaf quality plays a crucial role in determining the growth, cocoon productivity and reproductive performance of the silkworm Bombyx mori L. The present investigation was carried out to assess the economics of bivoltine silkworm seed crop production raised on tree mulberry fertilized with graded levels of nutrients. The experiment comprised two levels of farmyard manure (FYM), four levels of recommended dose of fertilizers (RDF) and foliar spray of micronutrient (POSHAN) arranged in a factorial randomized block design with sixteen treatment combinations. Economic analysis was performed by estimating cost of cultivation, gross returns, net returns and benefit–cost (B:C) ratio.
Among the treatments, the highest cost of production was recorded in T16 (₹1,63,368 ha⁻¹ crop⁻¹), whereas the lowest cost was observed in T1 (₹1,04,850 ha⁻¹ crop⁻¹). In FC₁ breed, maximum gross returns of ₹4,19,237 ha⁻¹ crop⁻¹ and net returns of ₹3,12,119 ha⁻¹ crop⁻¹ were recorded in T8 (20 t FYM ha⁻¹ yr⁻¹ + 125% RDF + foliar spray of POSHAN), with the highest B:C ratio of 3.43. Similarly, in FC₂ breed, T8 recorded the highest gross returns of ₹4,38,660 ha⁻¹ crop⁻¹, net returns of ₹3,31,542 ha⁻¹ crop⁻¹ and B:C ratio of 3.59. Although T16 registered comparatively higher gross returns, its B:C ratio was lower due to increased input costs. Therefore, application of 20 t FYM ha⁻¹ yr⁻¹ combined with 125% RDF and foliar spray of POSHAN (T8) was found to be the most economically viable nutrient management practice for bivoltine seed crop production under tree mulberry cultivation.
Introduction
Sericulture is an important agro-based rural industry that plays a significant role in generating employment and income for rural households in many developing countries, particularly in India. The industry integrates agricultural and industrial activities involving mulberry cultivation, silkworm rearing, cocoon production and silk reeling. Among these components, mulberry cultivation forms the foundation of sericulture since mulberry leaves constitute the exclusive food source for the domesticated silkworm Bombyx mori L. (Krishnaswami, 1978; Ullal and Narasimhanna, 1987). The quantity and quality of mulberry leaves directly influence the growth, survival, cocoon yield and reproductive performance of silkworms. The productivity and nutritional quality of mulberry leaves are largely governed by soil fertility and nutrient management practices. Adequate application of organic manures and inorganic fertilizers improves soil physical, chemical and biological properties, thereby enhancing mulberry growth and leaf yield. Nutrient management also plays a vital role in improving biochemical constituents of mulberry leaves such as chlorophyll, crude protein and moisture content, which are essential for optimal silkworm growth and cocoon formation (Bongale et al., 1997; Datta, 2002). Recent studies have further emphasized that efficient nutrient management improves nutrient use efficiency, leaf productivity and silkworm performance, contributing to sustainable sericulture production systems (Murugan et al., 2019; Kaushik et al., 2021).
In addition to biological productivity, the economic viability of sericulture largely depends on efficient management of inputs used in mulberry cultivation and silkworm rearing. Mulberry leaf production accounts for nearly 60–65 per cent of the total cost of silkworm rearing, making nutrient management a critical factor influencing the profitability of sericulture enterprises (Dandin and Giridhar, 2014). With increasing costs of fertilizers, organic manures and labour, it has become essential to identify nutrient management practices that maximize economic returns while maintaining sustainable production. Economic evaluation through parameters such as cost of cultivation, gross returns, net returns and benefit–cost ratio helps in determining the most profitable production practices for farmers.
Integrated nutrient management involving the combined application of organic manures, chemical fertilizers and micronutrients has been reported to enhance mulberry productivity, improve leaf quality and sustain soil fertility (Ray et al., 1973; Horie, 1994). Recent research has also indicated that balanced fertilization strategies can significantly improve cocoon yield and economic returns in sericulture enterprises (Murugan et al., 2019).Although several studies have investigated the influence of nutrient management on mulberry growth and silkworm performance, limited information is available on the economic efficiency of different nutrient combinations under tree mulberry systems, particularly in relation to bivoltine seed crop production. Therefore, the present study was undertaken to assess the economics of bivoltine silkworm seed crop production raised on tree mulberry fertilized with graded levels of nutrients.
Materials and Methods
The experiment was conducted at Krishi Vigyan Kendra, Haradanahalli Farm, Chamarajanagar district, Karnataka, in an established irrigated tree mulberry garden of variety V-1 planted at a spacing of 6 × 6 feet. The experiment was laid out in a factorial randomized block design with three replications. The treatments consisted of two levels of farmyard manure, four levels of recommended dose of fertilizers (300:160:160-NPK) and micronutrient foliar spray(Poshan Seriboost Plus) resulting in sixteen treatment combinations. The bivoltine hybrids used were FC 1 (CSR6×CSR26) and FC 2 (CSR2×CSR27). Economic analysis was carried out by calculating cost of mulberry cultivation, cocoon production cost, gross returns, net returns and benefit–cost ratio.	Comment by José Oliveira Dantas: Unit????????
Cost Structure Used for Economic Analysis
Table 1. Cost of different inputs used in irrigated tree mulberry garden
	Sl No
	Particulars
	Requirement
	Rate
	Amount (Rs)

	1
	Ploughing of land (tractor drawn cultivator)
	3.5 hrs
	1000/hr
	3500

	2
	Cleaning of field and ridges
	10 man days
	250
	2500

	3
	Application of FYM
	5 man days
	450
	2250

	4
	Application of fertilizers
	2 man days
	450
	900

	5
	Application of foliar spray
	1 man day
	450
	450

	6
	Irrigation charges
	10 man days
	450
	4500

	7
	Intercultivation   a. tractor drawn)
                            b. Weeding labour
	3.5 hrs
	1000/hr
	3500

	 
	
	5 man days
	250
	1250

	8
	Pruning cum harvesting
	8 man days
	350
	2800

	9
	Miscellaneous
	-
	500
	500


Total cost of cultural operations = Rs. 22,150
Table 2. Cost of FYM application	Comment by José Oliveira Dantas: Is it possible to unify these tables?
	Treatment
	Quantity (t/ha/yr)
	Rate (Rs/t)
	Total Cost (Rs)

	FYM application
	20
	1950
	39,000

	FYM application
	40
	1950
	78,000


Table 3. Cost of foliar spray of POSHAN
	Particulars
	Quantity
	Rate
	Cost (Rs)

	POSHAN foliar spray
	2.5 litres
	Rs 280/litre
	700


Table 4. Cost of fertilizers used
	Fertilizer
	Requirement (kg)
	Rate
	Amount (Rs)

	Nitrogen (210 kg)
	388
	6/kg
	2327

	Nitrogen (300 kg)
	517
	6/kg
	3102

	Nitrogen (375 kg)
	646
	6/kg
	3877

	Phosphorus (120 kg)
	261
	20/kg
	5220

	Phosphorus (160 kg)
	348
	20/kg
	6960

	Phosphorus (200 kg)
	435
	20/kg
	8700

	Potassium (120 kg)
	200
	7.24/kg
	1450

	Potassium (160 kg)
	267
	7.24/kg
	1933

	Potassium (200 kg)
	334
	7.24/kg
	2416




Table 5. Total cost of mulberry production per hectare
	Treatment
	Cost (Rs)

	T1
	59,900

	T2
	61,050

	T3
	69,572

	T4
	70,722

	T5
	72,795

	T6
	73,945

	T7
	76,018

	T8
	77,168

	T9
	1,01,150

	T10
	1,02,300

	T11
	1,10,822

	T12
	1,11,972

	T13
	1,14,045

	T14
	1,15,195

	T15
	1,17,268

	T16
	1,18,418


Table 6. Cost of cocoon production for 450 DFLs
	Particulars
	Cost (Rs)

	Chawki worms
	13,500

	Paraffin paper and foam rubber
	600

	Depreciation on building and equipment
	2,500

	Disinfectants
	300

	Rearing equipment
	1,500

	Labour charges
	10,500

	Cocoon harvest and transportation
	1,050


Total cost = Rs. 29,950
Results and Discussion	Comment by José Oliveira Dantas: There is no comparative discussion with other works nor an explanation of the results.
The cost of cultivation for mulberry production varied among treatments depending on the quantity of farmyard manure, fertilizers and micronutrients applied. The cost structure used in the present investigation is presented in Tables 1 to 6. Economic analysis of bivoltine seed crop production was carried out using the cost of mulberry production and cocoon production cost to calculate cost of cultivation, gross returns, net returns and benefit–cost ratio.
Table 7. Economics of FC₁ seed crop
	Treatments
	Total cost of
production (Rs. ha-1 crop-1)
	Gross returns  (Rs. ha-1 crop-1)
	Net returns (Rs. ha-1 crop-1)
	B:C ratio

	T1
	1,04,850
	2,96,824
	2,06,974
	2.83

	T2
	1,06,000
	3,09,953
	2,18,953
	2.92

	T3
	1,14,522
	3,36,067
	2,36,545
	2.93

	T4
	1,15,672
	3,42,071
	2,41,399
	2.96

	T5
	1,17,745
	3,81,076
	2,78,331
	3.24

	T6
	1,18,895
	3,88,425
	2,84,530
	3.27

	T7
	1,20,968
	3,99,372
	2,93,404
	3.3

	T8
	1,22,118
	4,19,237
	3,12,119
	3.43

	T9
	1,46,100
	3,09,918
	1,78,818
	2.12

	T10
	1,47,250
	3,33,554
	2,01,304
	2.27

	T11
	1,55,772
	3,52,616
	2,11,844
	2.26

	T12
	1,56,922
	3,64,464
	2,22,542
	2.32

	T13
	1,58,995
	3,82,474
	2,38,479
	2.41

	T14
	1,60,145
	3,99,293
	2,54,148
	2.49

	T15
	1,62,218
	4,04,358
	2,57,140
	2.49

	T16
	1,63,368
	4,27,274
	2,78,906
	2.62



The economic performance of FC₁ bivoltine seed crop under different nutrient management treatments is presented in Table. The results revealed considerable variation in cost of cultivation, gross returns, net returns and benefit–cost (B:C) ratio among the treatments. The cost of cultivation ranged from ₹1,04,850 in T1 to ₹1,63,368 in T16. The gradual increase in cost of cultivation from T1 to T16 was mainly attributed to the higher input requirement in terms of increased quantities of farmyard manure, chemical fertilizers and micronutrient application in the higher nutrient level treatments.
The gross returns varied from ₹2,96,824 to ₹4,27,274 ha⁻¹ crop⁻¹. Among all the treatments, the highest gross returns (₹4,27,274 ha⁻¹ crop⁻¹) were recorded in T16, followed by T8 (₹4,19,237 ha⁻¹ crop⁻¹) and T15 (₹4,04,358 ha⁻¹ crop⁻¹). The increased gross returns in these treatments may be attributed to improved mulberry leaf yield and better leaf nutritional quality resulting from enhanced nutrient availability, which in turn promoted better silkworm growth, survival and seed crop productivity. A similar trend was observed for net returns, which ranged from ₹1,78,818 in T9 to ₹3,12,119 ha⁻¹ crop⁻¹ in T8. The maximum net returns were obtained in T8, followed by T7 (₹2,93,404 ha⁻¹ crop⁻¹) and T6 (₹2,84,530 ha⁻¹ crop⁻¹). Although T16 recorded the highest gross returns, its net returns (₹2,78,906 ha⁻¹ crop⁻¹) were comparatively lower than T8 due to the substantially higher cost of cultivation. The benefit–cost ratio, which reflects the economic efficiency of the production system, ranged from 2.12 to 3.43. Among all treatments, the highest B:C ratio (3.43) was recorded in T8, followed by T7 (3.30) and T6 (3.27). The higher B:C ratio in these treatments indicates that moderate application of farmyard manure along with higher levels of recommended fertilizers and micronutrient spray resulted in optimum productivity with relatively lower input costs.
In contrast, treatments receiving higher quantities of farmyard manure recorded comparatively lower B:C ratios despite producing higher gross returns. This indicates that excessive input application increases production cost without proportionate improvement in economic returns. Overall, the results clearly indicate that balanced nutrient management significantly influences the profitability of bivoltine seed crop production. Among the treatments evaluated, T8 proved to be the most economically efficient treatment, as it recorded the highest net returns and benefit–cost ratio, suggesting that this nutrient combination is more profitable and economically sustainable for bivoltine seed crop production under tree mulberry cultivation.
Economics of FC₂ Bivoltine Seed Crop
Table 8. Economics of FC₂ seed crop
	Treatments
	Total cost of production (Rs. ha-1 crop-1)
	Gross returns  (Rs. ha-1 crop-1)
	Net returns (Rs. ha-1 crop-1)
	B:C ratio

	T1
	1,04,850
	2,87,009
	1,97,159
	2.74

	T2
	1,06,000
	3,09,367
	2,18,367
	2.92

	T3
	1,14,522
	3,32,852
	2,33,330
	2.91

	T4
	1,15,672
	3,40,893
	2,40,221
	2.95

	T5
	1,17,745
	3,73,848
	2,71,103
	3.18

	T6
	1,18,895
	3,90,309
	2,86,414
	3.28

	T7
	1,20,968
	4,09,609
	3,03,641
	3.39

	T8
	1,22,118
	4,38,660
	3,31,542
	3.59

	T9
	1,46,100
	3,13,444
	1,82,344
	2.15

	T10
	1,47,250
	3,18,280
	1,86,030
	2.16

	T11
	1,55,772
	3,47,061
	2,06,289
	2.23

	T12
	1,56,922
	3,51,019
	2,09,097
	2.24

	T13
	1,58,995
	4,03,124
	2,59,129
	2.54

	T14
	1,60,145
	4,10,609
	2,65,464
	2.56

	T15
	1,62,218
	4,24,106
	2,76,888
	2.61

	T16
	1,63,368
	4,55,348
	3,06,980
	2.79


The economic analysis of FC₂ bivoltine seed crop under different nutrient management treatments is presented in Table. The results revealed notable variation in cost of cultivation, gross returns, net returns and benefit–cost (B:C) ratio among the treatments. The cost of cultivation ranged from ₹1,04,850 in T1 to ₹1,63,368 in T16. The increase in production cost from T1 to T16 was mainly due to higher expenditure incurred on additional quantities of farmyard manure, chemical fertilizers and micronutrient application in the higher nutrient level treatments. The gross returns varied from ₹2,87,009 to ₹4,55,348 ha⁻¹ crop⁻¹. Among the treatments, the highest gross returns (₹4,55,348 ha⁻¹ crop⁻¹) were recorded in T16, followed by T8 (₹4,38,660 ha⁻¹ crop⁻¹) and T15 (₹4,24,106 ha⁻¹ crop⁻¹). The higher gross returns in these treatments could be attributed to improved mulberry leaf yield and enhanced leaf nutritional quality resulting from better nutrient availability, which ultimately improved silkworm growth, cocoon production and seed crop productivity.
The net returns also showed considerable variation among the treatments. The maximum net returns of ₹3,31,542 ha⁻¹ crop⁻¹ were recorded in T8, followed by ₹3,06,980 ha⁻¹ crop⁻¹ in T16 and ₹3,03,641 ha⁻¹ crop⁻¹ in T7. In contrast, the lowest net returns (₹1,82,344 ha⁻¹ crop⁻¹) were recorded in T9. The higher net returns in T8 were mainly due to the combination of relatively moderate production cost and substantially higher gross returns. The benefit–cost ratio, which indicates the economic efficiency of the production system, ranged from 2.15 to 3.59. Among all treatments, the highest B:C ratio of 3.59 was recorded in T8, followed by 3.39 in T7 and 3.28 in T6. The higher B:C ratio in these treatments indicates that balanced nutrient application resulted in improved productivity and profitability without proportionately increasing the cost of cultivation.Although treatments with higher nutrient inputs such as T16 recorded the highest gross returns, their B:C ratio was comparatively lower due to the higher cost of cultivation. This indicates that increased input levels do not always translate into proportionate economic gains.
Overall, the results suggest that balanced nutrient management plays a significant role in improving the economic efficiency of bivoltine seed crop production. Among the treatments evaluated, T8 proved to be the most economically viable treatment, as it recorded the highest net returns and benefit–cost ratio, indicating its superiority in terms of profitability under tree mulberry cultivation.
Conclusion
The present study demonstrated that graded levels of nutrient management significantly influenced the economic performance of bivoltine silkworm seed crop production under tree mulberry cultivation. The results clearly indicated that cost of cultivation increased with higher input levels of farmyard manure, chemical fertilizers and micronutrients. Although treatments with higher nutrient inputs recorded relatively higher gross returns, the increased cost of cultivation reduced their overall economic efficiency. Among the treatments evaluated, T8 (20 T FYM ha-¹ yr-¹ + 125% RDF + foliar spray of POSHAN) recorded the highest net returns and benefit–cost ratio in both FC₁ and FC₂ seed crops, indicating superior economic efficiency. The treatment provided an optimum balance between input cost and productivity, resulting in enhanced profitability compared to treatments receiving higher quantities of organic and inorganic inputs.
Therefore, the results suggest that balanced nutrient management with moderate organic manure and slightly higher fertilizer dose combined with micronutrient supplementation can significantly improve the economic returns of bivoltine seed crop production. Adoption of this nutrient management practice can help farmers and seed producers achieve higher profitability while ensuring sustainable mulberry production under tree mulberry systems.
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