


       Influence of spacing and mulching on economics of strawberry 
(Fragaria x ananassa Duch.) cultivation

ABSTRACT
Spacing and mulch have a substantial impact on crop growth and yield. Planting space needs to be arranged in a way that permits proper light penetration and also aeration. Mulching influences soil temperature, soil moisture regulation, boosts water and nutrient absorption, minimises weed growth and improves fruit quality by avoiding direct contact of soil with fruit. The purpose of this study was to evaluate the effect of spacing and mulch on the economics of Strawberry cultivation. The field experiment was laid out in randomised block design (RBD) with three replications involving twenty treatments comprising of five plant spacings viz., 20 cm x 30 cm, 30 cm x 30 cm, 30 cm x 40 cm, 40 cm x 40 cm, 40 cm x 60 cm and four different mulch applications viz., paddy straw, red mulch, silver black mulch and no mulch. The data revealed that the highest expenditure (Rs 12,41,658.00 per ha) was recorded in the closest spacing 20 cm x 30 cm with paddy straw. The plants under wider spacing 40 cm x 60 cm, with silver black mulch, gave the lowest total expenditure (Rs 6,28,470.00 per ha). As far as economics associated with the study is concerned, data revealed that treatment combination T3 (20 cm x 30 cm spacing with silver black mulch) fetched the maximum gross return (Rs. 36,40,000.00 ha-1) while  T15 (40 cm x 40 cm spacing with silver black mulch) recorded maximum net return of  Rs. 25,08,031.00  ha-1 and highest benefit: cost ratio (3.07). However, the highest benefit-cost ratio (3.07) was obtained in 40 cm x 40 cm under silver black mulch. It can be concluded that the treatment combination of 40 cm x 40 cm spacing with silver black mulch was found to be the most economically viable option for strawberry.  The study recommends that integrating optimum spacing and suitable mulch will help to realise the economic benefits among the farmers by expanding the area and production of strawberry, thereby enhancing the income and livelihood of the farmers of the state of Assam.
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Introduction:
“Strawberry (Fragaria × ananassa Duch.) belonging to the Rosaceae family is grown throughout the globe for its aggregate accessory fruits.  USA, China, and Spain are the leading strawberry-producing countries in the world. It was reported that during the year 2021, the global strawberry production was 9,175,384 MT (Sawant et al.,2023). It is one of the most beloved and nutrient-dense fruit and they are eaten by many because of their sweet taste, vivid colour and many health advantages(Agnihotri and Rehal,2025). It is one of the most popular soft fruits cultivated in plains as well as in the hills up to   an elevation of 3000 m in humid or dry regions. It has attained the status of being one of the most important soft fruits of the world after grapes.  Strawberries are one of the most popular fruits in the human diet (Akula & Mishra, 2023; Bhardwaj et al., 2025). Crop growth of strawberries can be enhanced through the manipulation of plant spacing and crop management techniques. Plant spacing helps in increasing crop growth through efficacious utilization of solar radiation, nutrients and underground resources bringing about better photosynthate formation. Optimum plant spacing brings adequate harvesting of solar radiation and sufficient nutrient absorption along with moisture from the soil owing to well developed root system. Planting space needs to be arranged in a way that permits proper light penetration and also aeration can be optimised, resulting in better fruit quality and plant health (Dogar et al.,2020). Plant population is a function of the spacing of crops grown and significantly influences the plant growth, development and productivity.  At wider spacing, there is wastage of resources, while at lower spacing, there is competition among plants for available resources and resulting in a drastic reduction in yield due to poor growth and development.   Therefore, it is necessary to identify the suitable spacing for the crop for efficient utilisation of nutrients applied.   The scientific crop production reveals the significance and importance of planting method and spacing to be used for raising crops in order to get higher production (Varsha Rani et al., 2023; Hudu et al., 2025). Mulching has an influence on soil temperature, soil moisture regulation, boosts water and nutrient absorption, minimises weed growth and improves fruit quality by avoiding the direct contact of soil with fruit” (Kijchavengkul et al.,2008). Mulching is a common practice that involves applying materials to the field before, during, or soon after sowing in order to support and spread over the soil surface, such as plastic material, crop residues, livestock manure, sands, rocks, and cement. The main goals of mulching are to limit evaporation or water erosion, boost soil temperature, improve the soil water supply capacity and suppress weeds. It causes improvement in crop production, fosters plant growth, and reduces water usage (El-Beltagi et al., 2022). Plant spacing and mulch has significant impact on the economics of fruit production by influencing yield, quality, resource utilization, and overall profitability. The present investigation aimed to study the impact of spacing and mulch on economics of strawberry cultivation.
Material and methods: The study was conducted at Jorhat district of India in the farmer’s field during the consecutive years 2019-2020 and 2020-2021. The field experiment plot was laid out in factorial randomized block design and consisted of three replications. In the experimental plot tissue culture strawberry plants of variety Sweet Charlie were planted in open condition. There were 20 treatment combinations comprising of five plant spacings viz., 20 cm x 30 cm (S1), 30 cm x 30 cm (S2), 30 cm x 40 cm (S3), 40 cm x 40 cm (S4), 40 cm x 60 cm (S5) and four different mulch applications viz., paddy straw (M1), red mulch (M2), silver black mulch (M3) and no mulch (M4). Recommended package of practice was followed.
The costs of different treatments of the field experiment were calculated considering the cost of different inputs, labour used and cultivation practices employed right from preparation of land to harvesting of crop at that time. Gross return in terms of rupees per hectare was worked out based on marketable fruit yield for each treatment and the prevailing market prices of strawberry. The Net income per hectare was calculated by using the following formula
Net Income = Gross Income – Cost of cultivation
		The benefit cost ratio for different treatments was calculated with the help of the following formula, and it is expressed as a ratio.
                                                  Net Income (Rs/ha)
Benefit: Cost Ratio   =  
                                            Total cost of cultivation (Rs/ha)
The data obtained were analyzed with the help of Microsoft Excel (MS office ver. 2007).
Results and discussion: The economics of different treatments have been worked out and relevant data presented in Table 1, Table 2 and Table 3. As far as economics associated with the study is concerned, data revealed that treatment combination T3 (20 cm x 30 cm spacing with silver black mulch) fetched the maximum gross return (Rs. 36,40,000.00 ha-1) while  T15 (40 cm x 40 cm spacing with silver black mulch) recorded maximum net return of  Rs. 25,08,031.00  ha-1 and highest benefit: cost ratio (3.07).
		The benefit–cost ratio (B: C Ratio) is a metric used to evaluate the relationship between the costs and benefits of a project or investment by dividing the present value of expected benefits by the present value of costs. When B: C ratio is greater than 1.0 it reflects a favourable investment with a positive net present value. A scrutiny of data presented revealed that mulch material significantly affected net returns in strawberry with significantly higher net return in silver black mulch. The higher net returns from silver black plastic mulch might be due to its better performance with respect to yield related traits leading to increased marketable fruit yield per hectare and net return per hectare. These findings were in line with the findings of Rao et al.,(2017) in water melon; Suresh and Kumar (2006) in pointed guard and Singh et al. (2007) in bitter gourd.
		Plant spacing also had a significant influence on net returns. Optimizing plant spacing is very much important for obtaining maximum yield and economic return of any horticultural crop. Highest gross return were recorded at closer spacing which was significantly higher than wider spacing which might be due to higher plant population at closer spacing. Similar findings were also reported by Singh et al.,(2021) in long melon and Bindukala(2000) in water melon..
Table 1: Economics of production of Strawberry at Farmer’s Field, Dhonkhuloi, Jorhat
	Treatment
combination
	Gross  Expenditure
(Rs ha-1)
	Marketable fruit yield (Pooled)
(t ha-1 )
	Gross Return @ Rs 160kg-1
(Rs ha-1)
	Net Return
(Rs ha-1)
	B: C
ratio

	T1 (S1M1)
	12,41,658.00
	3.89
	6,22,400.00
	-6,19,258.00
	-0.49

	T2 (S1M2)
	12,27,058.00
	20.00
	32,000,00.00
	19,72,942.00
	1.61

	T3 (S1M3)
	12,25,658.00
	22.75
	36,40,000.00
	24,14,342.00
	1.97

	T4 (S1M4)
	12,29,884.00
	0.58
	92,800.00
	-11,37,084.00
	-0.92

	T5 (S2M1)
	11,15,024.00
	3.74
	5,98,400.00
	-5,16,624.00
	-0.46

	T6 (S2M2)
	11,00,424.00
	17.83
	28,52,800.00
	17,52,376.00
	1.59

	T7 (S2M3)
	10,99,024.00
	20.88
	33,40,800.00
	22,41,776.00
	2.04

	T8 (S2M4)
	11,03,250.00
	0.62
	99,200.00
	-10,04,050.00
	-0.91

	T9 (S3M1)
	9,03,646.00
	3.35
	5,36,000.00
	-3,67,646.00
	-0.41

	T10 (S3M2)
	8,89,046.00
	15.35
	24,56,000.00
	15,66,954.00
	1.76

	T11 (S3M3)
	8,87,646.00
	18.32
	29,31,200.00
	20,43,554.00
	2.30

	T12 (S3M4)
	8,91,872.00
	0.50
	80,000.00
	-8,11,872.00
	-0.91

	T13 (S4M1)
	8,31,169.00
	3.46
	5,53,600.00
	-2,77,569.00
	-0.33

	T14 (S4M2)
	8,16,569.00
	16.15
	25,84,000.00
	17,67,431.00
	2.16

	T15 (S4M3)
	8,15,169.00
	20.77
	33,23,200.00
	25,08,031.00
	3.07

	T16 (S4M4)
	8,19,395.00
	0.52
	83,200.00
	-7,36,195.00
	-0.90

	T17 (S5M1)
	6,44,470.00
	2.48
	3,96,800.00
	-2,47,670.00
	-0.38

	T18 (S5M2)
	6,29,870.00
	10.24
	16,38,400.00
	10,08,530.00
	1.60

	T19 (S5M3)
	6,28,470.00
	12.22
	19,55,200.00
	13,26,730.00
	2.11

	T20 (S5M4)
	6,32,696.00
	0.36
	57,600.00
	-5,75,096.00
	-0.91



	S1: 20 cm x 30 cm
	S2: 30 cm x 30 cm
	S3: 30 cm x 40 cm
	S4: 40 cm x 40 cm
	S5: 40 cm x 60 cm

	M1: Paddy Straw
	M2: Red mulch
	M3: Silver Black mulch
	M4: No mulch          Plot size: 3 m2



Table 2: Common cost of treatment of strawberry per hectare
I. Fixed cost

	Sl No
	Particular
	Requirement/ha
	Rate/unit
	Total cost(Rs)

	A
	Land preparation
	
	
	

	
	Ploughing  and Levelling
	4 nos
	1700/ha/ploughing
	6800.00

	
	Layout
	20 MD
	303.76/MD
	6075.00

	B
	Organic manures
	
	
	

	
	Vermicompost
	2.5 t
	12000/t
	30,000.00

	
	Labour
	10 MD
	303.76/MD
	   3038.00

	C
	Irrigation
	20 nos
	500/no
	10,000.00

	D
	Pest & Disease control
	
	
	

	
	Fungicide
	1 kg
	25/20 g
	1250.00

	
	Labour
	10 MD
	303.76/MD
	3038.00

	E
	Fertilizer application
	
	
	

	
	NPK 19-19-19
	20 kg
	180/kg
	3600.00

	
	Labour
	10 MD
	303.76/MD
	3038.00

	F
	Bird Protection Net
	10,000 sq.m
	5/sq.m
	               50,000.00

	G
	Harvesting 
	135 MD
	303.76/MD
	               41,175.00

	H
	Overhead Expenses(marketing transportation of seedlings etc)
	
	
	               80,000.00

	
	
	
	Total
	            2,38,014.00



II. Variable cost
A. Planting material requirement per hectare
	          Spacing
	Quantity of planting materials per hectare (nos)
	Rate per number
	Cost(Rs)

	20 cm X 30 cm
	47,619
	Rs  20 /no.
	9,52,380

	30 cm X 30 cm
	41,667
	Rs  20 /no.
	8,33,340

	30 cm X 40 cm
	31,250
	Rs  20 /no.
	6,25,000

	40 cm X 40 cm
	27,778
	Rs  20 /no.
	5,55,560

	40cm X 60cm
	18,519
	Rs  20 /no.
	3,70,380



B. Transplanting of planting material
	          Spacing
	Numbers of labourers
	Rate per number
	Cost(Rs)

	20 cm X 30 cm
	70 MD
	Rs  303.76 /MD
	21,264

	30 cm X 30 cm
	45 MD
	Rs  303.76 /MD
	13,670

	30 cm X 40 cm
	35 MD
	Rs  303.76 /MD
	10,632

	40 cm X 40 cm
	25 MD
	Rs  303.76 /MD
	7,595

	40cm X 60cm
	20 MD
	Rs  303.76 /MD
	6,076



C. Cost of mulches
	Mulch
	Requirement per ha
	Rate per unit (Rs/unit)
	Cost(Rs)

	Paddy straw
	60 quintals
	500/q
	30,000

	Red
	7 rolls
	2200/roll
	15,400

	Silver Black
	7 rolls
	2000/roll
	14,000

	No mulch (Weeding cost)
	60 MD
	303.76/MD
	18,226



                                                                                                                

                                                  Table 3: Economics of different treatment combinations
	Treatment  combination
	Marketable fruit yield
(Pooled) (tha-1)
	Gross return
(Rsha-1) @ Rs 160 kg-1
	Common cost
	Treatment cost (Rs ha-1)
	Total Expenditure
(Rs ha-1)
	Net return
(Rs ha-1 )
	B:C ratio

	
	
	
	
	Planting material
	Transplanting cost
	Cost of mulch
	
	
	

	T1 (S1M1)
	3.89
	6,22,400.00
	2,38,014.00
	9,52,380.00
	21,264.00
	30,000.00
	12,41,658.00
	-6,19,258.00
	-0.49

	T2 (S1M2)
	20.00
	32,000,00.00
	2,38,014.00
	9,52,380.00
	21,264.00
	15,400.00
	12,27,058.00
	19,72,942.00
	1.61

	T3 (S1M3)
	22.75
	36,40,000.00
	2,38,014.00
	9,52,380.00
	21,264.00
	14,000.00
	12,25,658.00
	24,14,342.00
	1.97

	T4 (S1M4)
	0.58
	92,800.00
	2,38,014.00
	9,52,380.00
	21,264.00
	18,226.00
	12,29,884.00
	-11,37,084.00
	-0.92

	T5 (S2M1)
	3.74
	5,98,400.00
	2,38,014.00
	8,33,340.00
	13,670.00
	30,000.00
	11,15,024.00
	-5,16,624.00
	-0.46

	T6 (S2M2)
	17.83
	28,52,800.00
	2,38,014.00
	8,33,340.00
	13,670.00
	15,400.00
	11,00,424.00
	17,52,376.00
	1.59

	T7 (S2M3)
	20.88
	33,40,800.00
	2,38,014.00
	8,33,340.00
	13,670.00
	14,000.00
	10,99,024.00
	22,41,776.00
	2.04

	T8 (S2M4)
	0.62
	99,200.00
	2,38,014.00
	8,33,340.00
	13,670.00
	18,226.00
	11,03,250.00
	-10,04,050.00
	-0.91

	T9 (S3M1)
	3.35
	5,36,000.00
	2,38,014.00
	6,25,000.00
	10,632.00
	30,000.00
	9,03,646.00
	-3,67,646.00
	-0.41

	T10 (S3M2)
	15.35
	24,56,000.00
	2,38,014.00
	6,25,000.00
	10,632.00
	15,400.00
	8,89,046.00
	15,66,954.00
	1.76

	T11 (S3M3)
	18.32
	29,31,200.00
	2,38,014.00
	6,25,000.00
	10,632.00
	14,000.00
	8,87,646.00
	20,43,554.00
	2.30

	T12 (S3M4)
	0.50
	80,000.00
	2,38,014.00
	6,25,000.00
	10,632.00
	18,226.00
	8,91,872.00
	-8,11,872.00
	-0.91

	T13 (S4M1)
	3.46
	5,53,600.00
	2,38,014.00
	5,55,560.00
	7,595.00
	30,000.00
	8,31,169.00
	-2,77,569.00
	-0.33

	T14 (S4M2)
	16.15
	25,84,000.00
	2,38,014.00
	5,55,560.00
	7,595.00
	15,400.00
	8,16,569.00
	17,67,431.00
	2.16

	T15 (S4M3)
	20.77
	33,23,200.00
	2,38,014.00
	5,55,560.00
	7,595.00
	14,000.00
	8,15,169.00
	25,08,031.00
	3.07

	T16 (S4M4)
	0.52
	83,200.00
	2,38,014.00
	5,55,560.00
	7,595.00
	18,226.00
	8,19,395.00
	-7,36,195.00
	-0.90

	T17 (S5M1)
	2.48
	3,96,800.00
	2,38,014.00
	3,70,380.00
	6,076.00
	30,000.00
	6,44,470.00
	-2,47,670.00
	-0.38

	T18 (S5M2)
	10.24
	16,38,400.00
	2,38,014.00
	3,70,380.00
	6,076.00
	15,400.00
	6,29,870.00
	10,08,530.00
	1.60

	T19 (S5M3)
	12.22
	19,55,200.00
	2,38,014.00
	3,70,380.00
	6,076.00
	14,000.00
	6,28,470.00
	13,26,730.00
	2.11

	T20 (S5M4)
	0.36
	57,600.00
	2,38,014.00
	3,70,380.00
	6,076.00
	18,226.00
	6,32,696.00
	-5,75,096.00
	-0.91


	S1: 20 cm x 30 cm
	S2: 30 cm x 30 cm
	S3: 30 cm x 40 cm
	S4: 40 cm x 40 cm
	S5: 40 cm x 60 cm

	M1: Paddy Straw
	M2: Red mulch
	M3: Silver Black mulch
	    M4: No mulch



		The cost-benefit ratio of an experiment is very important for determination of its usefulness, acceptance and adoption by the grower. A treatment should be efficacious not only in terms of yield and quality, but there should be also economically profitable proposition for adoption and acceptance by a grower. Strawberry being a seasonal crop involves costs for performing different operations time to time. The operational cost of strawberry farming involves cost of land preparation, bed preparation, manure, hired labour charges, planting material, replacement cost, fertilizers, micronutrients, irrigation, plant protection, harvesting, packaging and miscellaneous charges. The study depicted that a major share of investment in operational cost was incurred on the planting material among the different components of operational cost as the planting material were purchased from outside the state. As Strawberry is a highly perishable fruit; the marketing cost is an important component of its cost of cultivation. Similar views were expressed by Prakash and Sarkar (2017). 
		On the basis of scrutiny of data, it can be concluded that treatment combination T15 (40 cm x 40 cm spacing with silver black mulch) was most economical treatment in increasing benefit: cost ratio in strawberry cultivation under Jorhat condition.
Conclusion: The highest B: C ratio (3.07) was recorded in T15 (40 cm x 40 cm with silver black mulch) while paddy straw and no mulch treatments under different spacings showed economic loss in the study. The study recommends that integrating optimum spacing and suitable mulch will help to realize the economic benefits among the farmers by expanding the area and production of strawberry thereby enhancing the income and livelihood of the farmers of the state of Assam.
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