



An Economic Appraisal of Apple Cultivation in Shimla District of Himachal Pradesh, India
ABSTRACT
The research focused on analysing the economic aspects of apple cultivation in the Shimla district of Himachal Pradesh, covering cultivation costs, production aspects and returns. The study revealed that production costs increased with the age of the plants. The initial production cost for a hundred plants was ₹ 37,405.13, which rose significantly to ₹ 89,452.83 for plants > 22 years. The findings highlighted that the 17–22-year age group of plants achieved the highest productivity, yielding 82.78 quintals per hundred plants. This age group also recorded the highest gross return of ₹ 5,99,391.55 per hundred plants, demonstrating the economic potential of apple cultivation during this growth phase. Financially, the payback period for apple plantation was determined to be 8 years, showing a favorable timeframe for investment recovery. The Benefit-Cost Ratio (BCR) was calculated to be ₹2.16, indicating that the venture is economically viable. Among the various blocks analysed, the Jubbal-Kotkhai block recorded the highest BCR of ₹2.25, underscoring its superior profitability for apple cultivation in the district.
Keywords: Cultivation cost, returns, benefit cost ratio, payback period, BCR.
INTRODUCTION 

Horticulture plays an important role in the growth sector of Indian agriculture offering a wide range of crop diversification options in order to make our food basket diversified and nutritionally rich. In this regard, the agricultural sector is prominent due to its substantial role in job provision and incomes for farmers (Yadav et al., 2020). The country recorded a remarkable production of fruits at 110.20 million MT in 2022-23 over an area of 7.02 million hectares (Indiastat, 2023). 

Apple (Malus X domestica Borkh) is considered as one of the most important and widely grown temperate fruit of the world with regard to its acreage, production, economic returns, high nutritive value and popularity (Shah et al., 2017). 
In India, apple is mainly grown in North Western Himalayan Region including Jammu and Kashmir (UT), Himachal Pradesh, and Uttarakhand. India is the fifth-largest apple producer globally (Golombek and Blanke, 2022). The cultivation area for apples was 0.313 million hectares, resulting in a production of 2.43 million MT (APEDA, 2023).

Horticulture plays a crucial role in the economy of Himachal Pradesh, with apples alone accounting for 26% of the country’s total apple production and representing 77% of the state’s overall fruit output (APEDA, 2022 and Directorate of Horticulture, Shimla). This sector substantially contributes to improving the socioeconomic conditions of local farmers. Himachal Pradesh, characterized by its temperate hilly landscape, is well-suited for the cultivation of various commercial fruits, including apples, peaches, plums, apricots, walnuts, strawberries, and cherries. In 2021–22, apple production reached an impressive 611.90 thousand metric tonnes, highlighting the state’s leading position in the apple industry and the strength of its horticultural practices (Indiastat, 2022). In this context, a detailed economic analysis of apple cultivation is essential to evaluate the associated costs, returns, and profit margins, offering valuable insights for future planning and improved cultivation strategies.

METHODOLOGY
Selection of study area and farmers
A Multistage Random Sampling technique was employed to choose participants for the study. Initially, Shimla district in Himachal Pradesh was selected purposely for the present study as it has the largest area and production of apple in the state. In the subsequent stage, three blocks—Jubbal-Kotkhai, Rohru and Narkanda—were randomly selected. In third stage, a list of apple-growing villages was compiled from these selected blocks, with four villages randomly chosen from each block. Finally, in the fourth stage, a comprehensive list of respondents was prepared for each selected village, from which five farmers were randomly chosen per village, resulting in a total sample size of 60 farmers. In the study, data were collected on key practices such as land preparation, seedling, irrigation scheduling, fertilizer application, pest and disease management. This information was used to analyze the standard practices and deviations across different farm sizes and to assess their impact on productivity and efficiency.
Cost and return analysis:
Pay- back period


Payback period is the length of time required to recover the original investment on the project, through cash flow earned.

[image: image1.png]. T
Ce Be
Z(1+r)‘< 2‘(1+r)t




Where,

t* = the lowest value of t

Net Present Value


Net present value of an investment is defined as the discounted value of all cash inflows, net of all cash outflows of the project during its life span
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Where, 

NPV
 = Net present value in period ‘t’ 

Bt
 = Benefit from apple plantations in each year 

Ct
 = Cost of apple plantation in each year 

r 
= Discount rate 

t
 = 1,2,3…. n, the entire life of plantation across the study regions (comprising 

three years of gestation period followed by 23 years bearing years). 

n
 = number of years

Annuity 


Annuity value of the project is the annual expected income from the project. It was computed as follows;
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Where, 

NPV = Net present value in period ‘t’

A
 = Annuity value

r
 = Rate of interest

t
= 1,2,3…. n, the entire life of plantation across the study regions (comprising 

three years of gestation period followed by 23 years bearing years).

Internal rate of return (IRR) 


It was used to evaluate the overall feasibility of apple plantations in the study area. The internal rate of return (r) is that discount rate at which the NPV is Zero. Derivation of the IRR is analogous to solving for ‘r’ in the equation given as under;
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Where,

LDR
= Low discount rate

NPV
= Net present value

Benefit – Cost ratio 


The benefit-cost ratio of an investment is ratio of the discounted value of all cash inflows to the discounted value of all cash outflows during the life of the project and can be computed as;
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Where,

Bt
= Benefit from apple plantations in each year 

Ct
= Cost of apple plantation in each year 

r

= Rate of interest

t

= 1,2,3…. n, the entire life of plantation across the study regions (comprising 

six years of gestation period followed by 30 years bearing years).
Prorated establishment cost 

 It is charged at 9 per cent and is amortized for 30 years during the bearing stage.
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Where,

 P
= Amount of annual amortized cost in Rs. 

E.C.
= Establishment cost (cost during non-bearing stage) in Rs. 

B
= Principal amount borrowed in Rs. 

N
= Number of year (productive life period of a tree in years) 

I
= Annual interest rate

RESULTS AND DISCUSSION

The study analysed the cost structure, production process and returns associated with apple cultivation within the studied area. The analysis included expenses associated with the establishment of apple orchards, costs incurred during the non-bearing phase, and expenditures during the bearing stage. The evaluation of costs and returns was carried out across the Rohru, Jubbal-Kotkhai, and Narkanda blocks, considering the entire region as a whole. Estimates for apple cultivation costs and returns were based on several assumptions:
I. Apple trees began bearing fruit from the seventh year onwards.

II. Operations and input requirements remained consistent for tree age groups spanning 7-11, 12-16, 17-22, and beyond 22 years. 

III. The expected economic lifespan of the plantation extended to 30 years.

i. Initial establishment
Initial establishment in apple cultivation involves preparing the field or orchard for growing apple trees. It includes operations like planting apple plants, setting up irrigation and use of FYM, soil treatment etc., forming the base before trees start producing fruit. Importantly, the cost of certified planting material was also accounted for, as it constitutes a significant portion of the initial investment before the trees begin bearing fruit.
The data presented in Table 1 indicates that a total expenditure of ₹ 37,405.13 was expended as the initial investment for apple cultivation during the initial phase. The total variable cost constituted 60.30 per cent of the overall expenditure. Notably, the labour cost and planting material cost comprised the highest proportions within the variable cost, accounting for 27.15 per cent and 14.88 per cent, respectively. Among all the three blocks, Narkanda exhibited the highest initial establishment cost. The depreciation and interest on fixed capital were calculated for various farm assets such as residential houses, cattle sheds, power sprayers, foot sprayers, tanks, drums, power tillers, pruning scissors, grafting knives, grass cutters and other durable equipment used in apple cultivation. These assets represent long-term investments and were accounted for in the cost analysis through appropriate depreciation methods and interest charges on fixed capital.
Table 1: Initial cost of apple plantation per hundred plants in the study area (Rs. / 100 plants/ Year)
	Sr. No
	Particulars
	Initial investment/ hectare 

	
	
	Rohru
	Jubbal & Kotkhai
	Narkanda
	Overall

	1
	Material Cost

 

 

 

 

	i)
	Planting material
	4548.39
	6315.79
	5835.62
	5566.60

	
	 
	(12.58)
	(16.64)
	(15.32)
	(14.88)

	ii)
	FYM cost
	2877.42
	2800.00
	2909.59
	2862.34

	
	 
	(7.96)
	(7.38)
	(7.64)
	(7.65)

	iii)
	Soil treatment
	1440.86
	1763.16
	1698.63
	1634.22

	
	 
	(3.99)
	(4.64)
	(4.46)
	(4.37)

	
	Sub total
	8866.67
	10878.95
	10443.84
	10063.15

	
	 
	(24.52)
	(28.65)
	(27.42)
	(26.90)

	2
	Family labour cost
	3960.00
	4491.58
	5050.41
	4500.66

	
	 
	(10.95)
	(11.83)
	(13.26)
	(12.03)

	3
	Hired labour cost
	6194.84
	5394.74
	5375.89
	5655.16

	
	 
	(17.13)
	(14.21)
	(14.11)
	(15.12)

	
	Sub total
	10154.84
	9886.32
	10426.30
	10155.82

	
	 
	(28.09)
	(26.04)
	(27.37)
	(27.15)

	4
	Interest on working capital
	266.46
	334.67
	313.72
	304.95

	
	 
	(0.74)
	(0.88)
	(0.82)
	(0.82)

	5
	Risk Margin
	888.22
	1115.56
	1045.73
	1016.50

	
	 
	(2.46)
	(2.94)
	(2.75)
	(2.72)

	6
	Managerial cost
	888.22
	1115.56
	1045.73
	1016.50

	
	 
	(2.46)
	(2.94)
	(2.75)
	(2.72)

	
	Sub total
	2042.90
	2565.79
	2405.17
	2337.95

	
	 
	(5.65)
	(6.76)
	(6.31)
	(6.25)

	7
	Total Variable Cost
	21064.40
	23331.05
	23275.31
	22556.92

	
	 
	(58.26)
	(61.450
	(61.10)
	(60.30)

	8
	Fixed cost

 

 

 

 

	i)
	Land revenue
	4.17
	4.17
	4.17
	4.17

	
	 
	(0.01)
	(0.01)
	(0.01)
	(0.01)

	ii)
	Depreciation
	1191.96
	913.40
	1021.00
	1042.12

	
	 
	(3.30)
	(2.41)
	(2.68)
	(2.79)

	iii)
	Interest on Fixed capital
	857.64
	679.37
	756.24
	764.42

	
	 
	(2.37)
	(1.79)
	(1.99)
	(2.04)

	iv)
	Rental value of land
	13037.50
	13037.50
	13037.50
	13037.50

	
	 
	(36.06)
	(34.34)
	(34.22)
	(34.85)

	9
	Total fixed cost
	15091.27
	14634.44
	14818.91
	14848.21

	
	 
	(41.74)
	(38.55)
	(38.90)
	(39.70)

	10
	Total cost
	36155.67
	37965.49
	38094.22
	37405.13

	
	 
	(100.00)
	(100.00)
	(100.00)
	(100.00)


ii. Establishment cost of non-bearing apple plant (1-6 years)



After the apple plant is established, it enters a non-bearing phase that typically lasts six to seven years. During this developmental stage, the plant matures gradually, and the maintenance costs tend to increase with age. Specifically, in the first year, the establishment cost amounted to ₹ 35,040.19, increasing to ₹ 59,399.81 by the sixth year (Table 2). The similarly finding was observed in the Samriti et al., 2021.
Table 2: Establishment cost during non-bearing stage of apple plantation per hundred plants in case of overall

(Rs. / 100 plants/Year)

	Sr. No
	Particulars
	Establishment cost during non-bearing stage/100 plants

Establishment cost during non-bearing stage/ farm

	
	
	1st year
	2nd year
	3rd year
	4th year 
	5th year
	6th year

	1
	Material Cost
	 
	 
	 
	 
	 
	 

	i)
	Gap filling
	854.85
	
	
	
	
	

	
	 
	(2.44)
	
	
	
	
	

	ii)
	FYM cost
	3190.99
	3522.73
	4348.20
	4734.67
	5001.97
	5614.08

	
	 
	(9.11)
	(8.84)
	(9.87)
	(8.88)
	(8.99)
	(9.45)

	iii)
	Fertilizer cost 
	992.62
	1124.38
	1199.90
	1433.07
	1602.98
	1771.07

	
	 
	(2.83)
	(2.82)
	(2.72)
	(2.69)
	(2.88)
	(2.98)

	iv)
	Fungicide
	352.54
	435.31
	535.76
	793.63
	894.99
	1080.65

	
	 
	(1.01)
	(1.09)
	(1.22)
	(1.49)
	(1.61)
	(1.82)

	v)
	Pesticide
	266.52
	513.23
	652.78
	863.96
	988.58
	1171.31

	
	 
	(0.76)
	(1.29)
	(1.48)
	(1.62)
	(1.78)
	(1.97)

	
	Sub-Total
	5657.53
	5595.66
	6736.64
	7825.33
	8488.51
	9637.11

	
	 
	(16.15)
	(14.04)
	(15.29)
	(14.68)
	(15.26)
	(16.22)

	2
	Family labour cost
	3567.06
	3784.10
	3963.91
	4397.78
	4686.38
	4962.75

	
	 
	(10.18)
	(9.49)
	(9.00)
	(8.25)
	(8.43)
	(8.35)

	3
	Hired labour cost
	4069.58
	4210.28
	4827.09
	4738.21
	4921.51
	5015.70

	
	 
	(11.61)
	(10.56)
	(10.95)
	(8.89)
	(8.85)
	(8.44)

	
	Sub-Total
	7636.64
	7994.38
	8791.00
	9135.99
	9607.89
	9978.45

	
	 
	(21.79)
	(20.05)
	(19.95)
	(17.14)
	(17.27)
	(16.80)

	4
	Interest on working capital

 
	294.37
	294.18
	346.91
	376.91
	402.30
	468.65

	
	
	(0.84)
	(0.74)
	(0.79)
	(0.71)
	(0.72)
	(0.79)

	5
	Risk Margin
	981.23
	980.59
	1156.37
	1256.35
	1341.00
	1562.17

	
	 
	(2.80)
	(2.46)
	(2.62)
	(2.36)
	(2.41)
	(2.63)

	6
	Managerial cost
	981.23
	980.59
	1156.37
	1256.35
	1341.00
	1562.17

	
	 
	(2.80)
	(2.46)
	(2.62)
	(2.36)
	(2.41)
	(2.63)

	
	Sub-Total
	2256.84
	2255.37
	2659.66
	2889.61
	3084.30
	3592.99

	
	 
	(6.44)
	(5.66)
	(6.04)
	(5.42)
	(5.55)
	(6.05)

	7
	Total Variable Cost
	15551.02
	15845.41
	18187.30
	19850.93
	21180.70
	23208.54

	
	 
	(44.38)
	(39.75)
	(41.27)
	(37.25)
	(38.08)
	(39.07)

	8
	Fixed cost
	 
	 
	 
	 
	 
	 

	i)
	Land revenue
	4.17
	4.17
	4.17
	4.17
	4.17
	4.17

	
	 
	(0.01)
	(0.01)
	(0.01)
	(0.01)
	(0.01)
	(0.01)

	ii)
	Depreciation
	1149.17
	1143.41
	1300.79
	962.45
	1119.42
	1176.31

	
	 
	(3.28)
	(2.87)
	(2.95)
	(1.81)
	(2.01)
	(1.98)

	iii)
	Interest on Fixed capital
	844.25
	843.18
	955.02
	706.65
	834.67
	867.32

	
	 
	(2.41)
	(2.12)
	(2.17)
	(1.33)
	(1.50)
	(1.46)

	iv)
	Rental value of land
	13037.50
	13037.50
	13037.50
	13037.50
	13037.50
	13037.50

	
	 
	(37.21)
	(32.71)
	(29.59)
	(24.46)
	(23.44)
	(21.95)

	v)
	Interest on pre-establishment cost

 
	4454.09

(12.71)
	8989.25

(22.55)
	10582.28
	18736.05
	19445.24
	21105.97

	
	
	
	
	(24.01)
	(35.15)
	(34.96)
	(35.53)

	9
	Total fixed cost
	19489.17
	24017.50
	25879.75
	33446.81
	34441.00
	36191.27

	
	 
	(55.62)
	(60.25)
	(58.73)
	(62.75)
	(61.92)
	(60.93)

	10
	Total cost
	35040.19
	39862.91
	44067.05
	53297.74
	55621.70
	59399.81

	
	 
	(100.00)
	(100.00)
	(100.00)
	(100.00)
	(100.00)
	(100.00)


iii. Maintenance cost of bearing stage of apple plant 

The maintenance cost encompasses expenditures associated with maintaining the apple plant, including the application of fungicides and pesticides for protection against insects and infections, as well as the utilization of farmyard manure (FYM) and fertilizers. 
It is evident that the plant's requirements increase with its age. The plant age has been categorized into distinct groups: for plants aged 7-11 years, the total incurred cost was ₹ 73,041.90; for those aged 12-16 years, the cost amounted to ₹ 79,722.05; for the age group of 17-22 years, the total cost reached ₹ 86,914.29; and for plants exceeding 22 years, the total incurred cost was ₹ 89,452.83 (Table 3).
Table 3: Maintenance cost during bearing stage of apple plantation per hundred plants in case of overall











(Rs. / 100 plants/Year)

	Sr. No
	Particulars
	Establishment cost during bearing stage/100 plants

	
	
	(7-11)
	(12-16)
	(17-22)
	> 22

	1
	Material Cost
	 
	 
	 
	 

	i)
	FYM cost
	5722.14
	6504.38
	7749.53
	8394.19

	
	 
	(7.83)
	(8.16)
	(8.92)
	(9.38)

	ii)
	Fertilizer cost 
	2486.68
	4344.00
	6598.50
	6217.21

	
	 
	(3.40)
	(5.45)
	(7.59)
	(6.95)

	iii)
	Fungicide cost
	2143.56
	3121.94
	3711.82
	4387.66

	
	 
	(2.93)
	(3.92)
	(4.27)
	(4.91)

	iv)
	Pesticide cost
	1809.23
	2651.72
	3195.59
	3620.10

	
	 
	(2.48)
	(3.33)
	(3.68)
	(4.05)

	
	Sub-Total
	12161.60
	16622.04
	21255.44
	22619.17

	
	 
	(16.65)
	(20.85)
	(24.46)
	(25.29)

	2
	Family labour cost
	7817.52
	8495.91
	8892.33
	9185.51

	
	 
	(10.70)
	(10.66)
	(10.23)
	(10.27)

	3
	Hired labour cost

 
	5006.47

(6.85)
	5677.79

(7.12)
	6462.24

(7.44)
	6914.80

(7.73)

	
	
	
	
	
	

	
	Sub-Total
	12823.98
	14173.70
	15354.57
	16100.31

	
	 
	(17.56)
	(17.78)
	(17.67)
	(18.00)

	4
	Interest on working capital
	515.04
	668.99
	831.53
	886.02

	
	 
	(0.71)
	(0.84)
	(0.96)
	(0.99)

	5
	Risk Margin
	1716.81
	2229.98
	2771.77
	2953.40

	
	 
	(2.35)
	(2.80)
	(3.19)
	(3.30)

	6
	Managerial cost
	1716.81
	2229.98
	2771.77
	2953.40

	
	 
	(2.35)
	(2.80)
	(3.19)
	(3.30)

	
	Sub-Total
	3948.66
	5128.96
	6375.07
	6792.81

	
	 
	(5.41)
	(6.43)
	(7.33)
	(7.59)

	7
	Total Variable Cost
	28934.24
	35924.70
	42985.07
	45512.30

	
	 
	(39.61)
	(45.06)
	(49.46)
	(50.88)

	8
	Fixed cost
	 
	 
	 
	 

	i)
	Land revenue
	4.17
	4.17
	4.17
	4.17

	
	 
	(0.01)
	(0.01)
	(0.004)
	(0.005)

	ii)
	Depreciation
	1055.62
	882.93
	959.10
	962.00

	
	 
	(1.45)
	(1.11)
	(1.10)
	(1.08)

	iii)
	Interest on Fixed capital
	787.87
	650.25
	705.94
	714.35

	
	 
	(1.08)
	(0.82)
	(0.81)
	(0.80)

	iv)
	Rental value of land
	13037.50
	13037.50
	13037.50
	13037.50

	
	 
	(17.85)
	(16.35)
	(15.00)
	(14.57)

	v)
	Pro-rated establishment cost
	29222.51
	29222.51
	29222.51
	29222.51

	
	 
	(40.01)
	(36.66)
	(33.62)
	(32.67)

	9
	Total fixed cost
	44107.66
	43797.35
	43929.22
	43940.53

	
	 
	(60.39)
	(54.94)
	(50.54)
	(49.12)

	10
	Total cost
	73041.90
	79722.05
	86914.29
	89452.83

	 
	 
	(100.00)
	(100.00)
	(100.00)
	(100.00)


Return from Apple Cultivation 
Table 4: Average production from different age group of apples

(Quintals/ 100 plants)

	Blocks
	Average production from different age group of apple /100

	
	7-11 years
	12-16 years
	17-22 years
	> 22 years
	Average

	Rohru
	19.55
	60.00
	87.50
	43.78
	52.71

	Jubbal & Kotkhai
	21.17
	58.08
	89.52
	45.00
	53.44

	Narkanda
	20.58
	60.00
	71.34
	50.24
	50.54

	Overall
	20.43
	59.36
	82.78
	46.34
	52.23


As per data presented in Table 4, the Jubbal & Kotkhai block exhibited the highest yield, reaching 53.44 quintals per hundred plants, attributed to the maximum production as compared to other blocks. The similarly finding was observed in the Samriti et al., 2021. Within the 17-22 age group the highest production was recorded at 82.78 quintals per hundred plants, reflecting peak productivity during the mature and full-bearing stage of plant development. In contrast, the 7–11 year age group showed the lowest yield, as this period represents the early fruit-bearing phase of the plants.

According to Table 5, the average return in terms of money value was highest in the Jubbal-Kotkhai block at ₹ 3,84,774.96, followed by Narkanda block at ₹ 3,71,9391.69 and Rohru block at ₹ 3,69,503.12. Overall average return apple was calculated to be ₹ 3,75,223.25. 

Table 5: Gross return from different age group of apples    

(Rs. / 100 plants)

	Blocks
	Gross return from different age group of apple /100

	
	7-11
	12-16
	17-22
	> 22
	Average

	Rohru
	140769.23
	432000.00
	610000.00
	295243.24
	369503.12

	Jubbal & Kotkhai
	152390.14
	418193.55
	644516.13
	324000.00
	384774.96

	Narkanda
	148166.29
	432000.00
	543658.54
	361741.94
	371391.69

	Overall
	147108.55
	427397.84
	599391.55
	326995.05
	375223.25


Financial feasibility of apple plantation 
The payback period for apple plantation was determined to be 8 years, with the present value of future income calculated at a 10 per cent discount rate, resulting in a Net Present Value (NPV) of ₹ 7,38,689.52 per hundred plants. The uniform annual return, estimated at an overall level, stood at ₹ 6,64,82.06. An Internal Rate of Return (IRR) of 22.33 per cent reflects the strong financial viability of apple cultivation, making it a profitable investment as long as the loan interest rate stays below 20 per cent. The Benefit-Cost Ratio (BCR) of ₹2.16 indicates that for every ₹1 invested, a return of ₹2.16 is realized. Among the blocks studied, Jubbal-Kotkhai reported the highest BCR at ₹2.25 (Table 6), highlighting its superior economic performance. The similar results of BCR was observed in Malik and Choure, 2014. 
Table 6: Measures of investment worth per 100 plants of apple
(Rs. / 100 plants)

	Measures of investment worth
	Blocks

	
	Rohru
	Jubbal & Kotkhai
	Narkanda
	Overall

	Benefit-cost ratio
	2.12
	2.25
	2.12
	2.16

	Net present value (Rs)
	732426.30
	782453.51
	701188.75
	738689.52

	Uniform annual return (Rs)
	65918.37
	70420.82
	63106.99
	66482.06

	Internal rate of return (%)
	22.00
	23.00
	22.00
	22.33

	Payback period (years)
	8.00
	8.00
	8.00
	8.00


CONCLUSION
The economic aspect of apples is crucial to study as it's a key horticultural crop in the state, contributing significantly to the state GDP. In Shimla district of Himachal Pradesh, where a majority of farmers are engaged in apple farming, understanding the economic dynamics is vital to minimize cultivation costs and maximize profits. The study reveals indicates that the initial investment in apple cultivation amounts to ₹37,405.13. As the plants age, maintenance costs rise significantly—from ₹35,040.19 in the first year to ₹89,452.83 for orchards older than 22 years—highlighting the substantial expenses involved in apple farming. To mitigate these costs, a shift toward organic and natural farming practices is proposed. This approach reduces dependence on costly fertilizers and chemical pesticides by promoting the use of organic inputs such as jeevamrit, cow urine as a natural insect repellent, and gana jeevamrit. Adopting these sustainable methods can help lower cultivation expenses, enhance farmers' profitability, and contribute to the broader socioeconomic upliftment of the farming community.
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