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Economic Analysis and Profitability of Guava (Psidium guajava L.) Cultivation in the Alluvial Plains of Prayagraj District, Uttar Pradesh, India
Abstract
This study examines the economic feasibility of guava farming in the alluvial plains of Prayagraj, Uttar Pradesh, utilizing an extensive cost and return analysis derived from primary data collected from 50 guava producers found through a multi-stage sampling technique. Traditional cost concepts (A1 to C3) were utilized to assess different cost components, revealing that the average cultivation cost per hectare amounted to ₹1,27,662.28. Guava production produced an average gross return of ₹1,68,764.65 per hectare and a net income of ₹52,708.04, resulting in a benefit-cost ratio of 1.45, underscoring the significant profitability of guava in local agricultural conditions. Significant spending categories encompassed machinery and contracted labour expenditures, although input expenses for fertilizers, irrigation, and pest control were comparatively minimal. The analysis revealed that guava cultivation provided consistent profitability for marginal, small, and medium-sized farms, establishing guava as a cost-efficient, high-yield horticultural crop appropriate for farm diversification and sustained rural income. The results underscore the necessity of focused policy assistance to fortify the value chain, promote fruit-centric agricultural diversification, and improve rural livelihoods, positioning guava cultivation as a strategic option for agricultural advancement and sustainable income generation in analogous agro-climatic areas.
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1. INTRODUCTION
Horticultural crops –vegetables, flowers, fruits, spices, and plantation crops –are essential to world agriculture owing to their nutritional, economic, and aesthetic importance. The horticulture sector in India today constitutes a significant share of the agricultural GDP. This enterprise enhances farmer income and generates several employment opportunities while ensuring food and nutritional security. 
Fruits are rich in vitamins and minerals. Besides being nutritious, it produces abundantly and is financially rewarding with no effort. Vegetables and fruits constitute "protective" diets owing to their vitamin and mineral content. It provided rural populations with the highest yield and income of any seasonal crop. They differ in carbohydrate and protein supplementation. Fruits are essential for human nutrition, as they supply minerals, vitamins, and fiber (Jamaluddin et al., 2016). Fruit farming generates revenue, employment, and food security (Ibeawuchi et al., 2015). Human sustenance depends on agricultural produce. They are cost-effective and regarded as high-value crops with export potential (Gogoi and Borah, 2013). The introduction of new technology, procedures, and budgets was the primary reason for the rise of this sector. They emphasized enhancing the growth of this sector by providing new technology, financial services, policies, and budgets, among other resources. To guarantee sustainable growth, the budget for the agricultural and associated industries is consistently increasing.(Rani et al., 2023)
Guava exhibits its optimal flavor and aroma when fully ripened on the tree. The majority of commercial fruit cultivars exhibit yellow skin during maturation. The ICMR–NIN (2024) advises a consumption of 100 grams of fruit and 400 grams of vegetables for a balanced diet. The cultivation of guava for commercial purposes is lucrative. Even minimal acreage can yield profitability. Moreover, the initial expenses are lower than those of other horticultural fruit crops. Yellow pigmentation signifies ripeness in the majority of commercial varieties. Local markets preferred denser yellow fruits, whereas long-distance markets prefer lighter varieties. Specific fruits, stems, and leaves are meticulously hand-harvested.
Recent statistics from the National Horticulture Board (2024) show that India has achieved remarkable growth in its horticulture output. Horticultural crops covered over 27.8 million hectares of land in total in 2022–2023, yielding around 335 million metric tonnes of output. Fruits make up a large percentage; 6.7 million hectares produce 105 million metric tonnes of fruit. Next in line are vegetables, which are produced from 10.3 million hectares and total 195 million metric tonnes. With an area of over 0.36 million hectares and a production of 3.7 million metric tonnes of loose flowers, the floriculture industry is likewise growing in a positive manner.
Guavas are endemic to the Caribbean region, spanning from Mexico to Central America and northern South America. Guava cultivation has been traced back to 2500 BC on archaeological sites in Peru. It was imported to India in the 17th century. Over the past five centuries, guava has become a naturalised crop in the country, with over 30 different types cultivated. The most widely grown varieties include VNR Bihi, Red Gujarat, Taiwan Pink, Lucknow 49, and Allahabad safeda. These kinds provide huge, delicious fruits.
India is the world's biggest guava producer, responsible for a sizable share of global supplies. According to recent data from the National Horticulture Board (2022-2023), India produces roughly 4.2 million metric tonnes of guava on an area of approximately 0.29 million hectares. The country's favourable meteorological circumstances, combined with advances in horticulture practices, have resulted in high yields and excellent produce.
Uttar Pradesh is India's biggest producer of guavas. The state is known for its high-quality guava types, such as the Allahabad Safeda and Sardar guava. According to recent figures, Uttar Pradesh produces over 0.7 million metric tonnes of guava on an area of about 0.05 million hectares (National Horticulture Board, 2024). This makes it one of the top guava-producing locations in the country, thanks to favourable agro-climatic conditions and the implementation of better farming procedures. 
Numerous studies have investigated the economics and profitability of guava cultivation throughout India, demonstrating its viability as a lucrative fruit crop. Singh (2005) conducted research in the Narsinghpur district, revealing that guava farming generated a substantial profit of ₹81,200 per hectare, with a cultivation cost of ₹12,938, resulting in a net profit of ₹68,262 per hectare. Imtiyaz and Soni (2013) analyzed fruit and vegetable crops in Allahabad, finding that apple guava attained the highest benefit-cost (B:C) ratio of 2.43, alongside significant net returns of ₹1,48,110 per hectare. Similarly, Sain et al. (2013) examined guava orchards in Haryana and reported that net returns increased with the age of the orchard, reaching profits of ₹71,947 per hectare by the seventh year of full bearing.
Kumbhar et al. (2014) assessed guava cultivation in Maharashtra, determining a total cost of ₹93,054.58 per hectare, with gross income ranging from ₹1,32,567 to ₹1,47,395 across various farm sizes, indicating a favorable investment opportunity. Meena (2016) determined that guava cultivation is economically viable in Sawai Madhopur, Rajasthan, yielding an output of 19,810 kg per hectare and a profit of ₹21,790 per hectare. Pokharkar et al. (2016) reaffirmed the viability of guava farming in Western Maharashtra, with average total costs amounting to ₹21,790 per hectare.
Research on processing and value addition, including works by Malik and Saraf (2013) and Pal (2019), indicates substantial returns from guava-based goods such as jelly and jam; yet, obstacles such as elevated processing costs and inadequate infrastructure remain. Singh et al. (2019) reported an average output of 20.08 tons per hectare in Kanpur Nagar, Uttar Pradesh, with a total expenditure of ₹55,500 per hectare. In summary, guava cultivation presents advantageous economics, yielding substantial returns and a high benefit-to-cost ratio, particularly in areas with conducive agro-climatic conditions such as Uttar Pradesh and Maharashtra.
The study is significant, as it demonstrates the economic viability of guava growing in a prominent guava-producing region of India. The study offers significant insights for farmers to optimize resource allocation and enhance profitability by assessing the benefit-cost ratio, costs, and returns. It also assists policymakers in formulating region-specific plans to encourage fruit-based diversification and sustainable agriculture. Moreover, the results would aid agricultural stakeholders in fortifying guava value chains, augmenting processing prospects, and facilitating rural income enhancement in the Prayagraj region.
2. METHODLOGY
2.1. Sampling Design
Due to its renown for guava, Prayagraj district was selected for this study. Guava is cultivated widely in the region and is renowned globally. In 2020-21, guava production reached 3.362 metric tonnes, cultivated over an area of 0.325 hectares. The District Horticulture Officer supplied a comprehensive list of guava cultivation blocks arranged in ascending order. A random sampling of the Kaundhiyara and Phulpur blocks was conducted. Karanpur, Hasimpur Chabilepur, and Keshopura were randomly chosen from the Kaundhiyara Block in the third phase. The Phulpur Block has three randomly selected villages: Gagawr, Mugara, and Dariyapur. All six settlements were evaluated. Consequently, only six villages from two blocks were examined. The fourth stage randomly chose 80 guava cultivators from the research region.
2.2. Data Collection
To ensure cooperation, farmers and people involved were personally interviewed using a pre-structured schedule. The information was acquired through a survey procedure that was meticulously prepared and tested. The timetable for the 2024-25 crop year was received, outlining the socio-economic characteristics of guava growers, planting patterns, physical input, cost of various expenditures, and returns.
2.3. Terms and Concepts
2.3.1. Cost Concepts
The cost of guava was calculated in this study utilizing common cost concepts such as cost-A1, cost-A2, cost-B1, cost-B2, cost-C1, cost-C2 and cost-C3 (Bodakhe, et al. 2023, Mukherjee and Kumar, 2024)
2.3.1.1. Cost A1 
It includes the items enlisted as under:
i. Hired human labour
ii. Bullock labour
iii. Machine labour
iv. Cost of plants
v. Manures and fertilizers
vi. Crop protection
vii. Land revenue
viii. Incidental charges
ix. Annual establishment cost
x. Depreciation on capital assets
xi. Interest on working capital.
2.3.1.2. Cost A2 
The cost A2 is defined for the tenant farmer. Mathematically cost A2 can be expressed as 
Cost A2 = Cost A1 + rent paid for leased land
2.3.1.3. Cost B1 
Cost B1 = Cost A1 + interest on owned capital
2.3.1.4. Cost B2 
Cost B2 = Cost B1 +rental value of owned land + rent paid for leased land
2.3.1.5. Cost C1 
Cost C1 = Cost B1 + imputed value of family labour
2.3.1.6. Cost C2 
Cost C2 = Cost B2 + imputed value of family labour
2.3.1.7. Cost C3 
Cost C3 = Cost C2 + 10% of Cost C2 (Managerial Cost) 
2.3.2. Physical Inputs Used
2.3.2.1. Hired Human Labour Cost
Wages actually paid to hired labour are included in the cost of hired human labour. Hired human labour is calculated in Man–days (8 hours). Based on the prevailing wage rate in the study area, the man–days were evaluated at 500/day. The value of man/days varies depending on the procedure for which labour was engaged.
2.3.2.2. Family Labour Cost
The majority of crop labourers are members of the Guava growers' own families. The cost of family labour was calculated using imputed charges paid to contracted human labour.
2.3.2.3. Machine Labour
Machine labour on owned machines was approximated using the hired machine hour fee that was common in the study area. In the examined location, the machine charge was approximately ₹1500 -3000/ha.
2.3.2.4. Establishment Cost
The price at which the farmers established the orchard, i.e., the price actually paid by farmers, was used to determine the cost of guava orchard.
2.3.2.5. Fertiliser and Manure
Fertilizer expenditure was calculated by multiplying the physical amounts of fertilizers used in guava cultivation by their relative prices in the study area plus the cost of transportation to the farm site.
2.3.2.6. Plant Protection 
The actual rental charges of plant protection appliances taken from the outside, as well as the labour charges actually paid for spraying the orchard and the actual cost of insecticides and herbicides, were taken into account. We calculated the prices for owned spraying equipment based on the hiring rates.
2.3.2.7. Irrigation Charges 
Irrigation charges were determined at 10% of the overall cost of the farmer's irrigation structures, which included a drip system, an electrical motor, and a bore well.
2.3.2.8. Depreciation on implements, machinery, and farm buildings 
The amount of depreciation on farm assets such as implements and farm buildings was calculated using current market prices. The condition of the assets for the current year was evaluated using the straight-line method, which involves dividing the original cost less junk value of implements by their expected life. This expenditure was allocated to each crop in proportion to the acre under cultivation.
2.3.3. Monetary Inputs used
2.3.3.1. Land Revenue Tax
This cost includes land revenue as well as other relevant taxes and cesses paid by the producer.
2.3.3.2. Interest on working capital
Working capital interest is calculated at a rate of 7% per year. Working capital was calculated based on current expenses such as hired labour, seed, manures and fertilizers, irrigation, plant protection, and incidental charges, excluding family labour.
2.3.3.3. Interest on fixed capital
To evaluate the interest on fixed capital, the cost of total assets was approximated at 10% of the average value of fixed assets such as machinery and implements, irrigation structure (excluding land).
Interest on fixed capital/ha = 10% of average fixed asset value/average cropped area.
2.3.3.4. Rental Value of Land
The rental value of the land, i.e. charges for land use, was charged at 1/6 of the total produce value excluding the land revenue.
2.3.4. Measures of Farm Income 
We employed conventional cost concepts in agricultural economics to assess the profitability and economic viability of guava cultivation by analysing several farm income measures. These measures are delineated as follows (Natarajan et. al. 2023)
i. Gross Return = Total Value of Output
ii. Farm business income = Gross return - Cost A2 
iii. Family Labor income = Gross return - Cost B2
iv. Net profit = Gross return - Cost C2
v. Benefit-Cost ratio = Gross return / Cost C2
3. RESULTS AND DISCUSSION
3.1. Cost of cultivation of Guava per hectare
An examination of various expenditures associated with the production process is conducted to help clarify guava farming expenses.
Table 1 indicates that the average cost of guava cultivation per hectare was 127,662.28 (Cost C3). The overall variable cost amounts to ₹47,274.54, while the total fixed cost is ₹68,782.07, representing 37.03% and 53.88% of the total cost, respectively. 
The cultivation cost was determined by considering factors such as hired and family labour, machinery, fertilizers, and pest control, among other. The overall cultivation cost per hectare for marginal, small, and medium farmers is ₹117,232.23, ₹136,879.26, and ₹148,037.76, respectively. 
The data indicates that machine labour (11.09 per cent) constitutes the biggest share of variable costs, followed by hired labour (9.44 per cent). Fertilizers (4.40 per cent), irrigation (2.78 per cent), and plant protection (2.24 per cent) constitute a minor portion of operational expenses. Within the fixed costs, establishment costs constitute the greatest part at 26.03 per cent, followed by the rental value of land at 18.83 per cent.
Table 1. Cost of cultivating guava
	S. No.
	Particular
	Marginal
	Small
	Medium
	Overall Average

	
	
	Amount
	Percentage
	Amount
	Percentage
	Amount
	Percentage
	Amount
	Percentage

	1
	Machine Labour
	13588.39
	11.59
	14836.45
	10.84
	14950.5
	10.10
	14155.78
	11.09

	2
	Family Labour
	5840.73
	4.98
	5794.4
	4.23
	6554.46
	4.43
	5941.95
	4.65

	3
	Hired Labour
	10865.92
	9.27
	13387.85
	9.78
	13881.19
	9.38
	12054.50
	9.44

	4
	Fertilisers
	4209.64
	3.59
	6985.98
	5.10
	8138.61
	5.50
	5615.65
	4.40

	5
	Irrigation
	3166.23
	2.70
	3831.78
	2.80
	4425.74
	2.99
	3554.10
	2.78

	6
	Plant Protection
	2818.42
	2.40
	2873.83
	2.10
	2980.2
	2.01
	2859.81
	2.24

	7
	Interest on Working Capital (7%)
	2834.25
	2.42
	3339.72
	2.44
	3565.15
	2.41
	3092.73
	2.42

	8
	Total Variable Cost
	43323.58
	36.96
	51050.01
	37.30
	54495.85
	36.81
	47274.54
	37.03

	9
	Establishment Cost
	29143.68
	24.86
	36985.98
	27.02
	40990.1
	27.69
	33234.95
	26.03

	10
	Rental Value of Land
	23193.02
	19.78
	24415.89
	17.84
	26336.63
	17.79
	24038.40
	18.83

	11
	Land Revenue Tax
	77.72
	0.07
	78.74
	0.06
	80.8
	0.05
	78.50
	0.06

	12
	Depreciation on Implement
	5087.55
	4.34
	5233.64
	3.82
	5396.04
	3.65
	5177.81
	4.06

	13
	Interest on Fixed Capital (10%)
	5749.2
	4.90
	6671.43
	4.87
	7280.36
	4.92
	6252.41
	4.90

	14
	Total Fixed Cost
	63251.17
	53.95
	73385.68
	53.61
	80083.93
	54.10
	68782.07
	53.88

	15
	Sub-Total Cost
	106574.75
	90.91
	124435.69
	90.91
	134579.78
	90.91
	116056.62
	90.91

	16
	Managerial Cost
	10657.48
	9.09
	12443.57
	9.09
	13457.98
	9.09
	11605.66
	9.09

	17
	Total Cost
	117232.23
	100
	136879.26
	100
	148037.76
	100
	127662.28
	100



3.2. Per hectare profitability of guava crop
Table 2 presents the per-hectare total cost and return from guava cultivation, along with various cost levels, including Cost - A1, A2, B1, B2, C1, C2, and C3, which represent aggregate values. The gross return from guava cultivation is ₹168764.65.. 
The aggregate cultivation expenses amounted to ₹127,662.28, while the output cost per quintal was ₹2,749.74. Cost A1, Cost A2, Cost B1, Cost B2, Cost C1, Cost C2, and Cost C3 donated ₹79823.85, ₹79823.85, ₹86076.26, ₹110114.66, ₹92018.22, ₹116056.62, and ₹127662.28 respectively.
The Farm Business Income for marginal, small, and medium farmers is ₹75695.05, ₹99128.27, and ₹117472.86, respectively. The family labour Income for marginal, small, and medium farmers is ₹46752.83, ₹68040.95, and ₹83855.87, respectively. The net income for marginal, small, and medium farmers is ₹40912.10, ₹62246.55, and ₹52.708.04, respectively. The benefit-cost ration for marginal, small, and medium farmers is 1.38, 1.50, and 1.57, respectively
Taking the overall average of all farmers, the farm business income for the guava farm was ₹88940.80. The family labour income was ₹58650.00. The net income for the guava orchard was ₹52708.04. The benefit-cost ratio was determined by dividing gross returns by cost C2, yielding a result of 1.45. The calculated benefit-cost ratio demonstrates that the guava crop is profitable in the examined region.
Table 2. Per hectare profitability of Guava Crop
	S. No.
	Particular
	Marginal
	Small 
	Medium
	Overall Average

	1
	Gross Return
	147486.90
	186682.24
	211881.19
	168764.65

	2
	Cost A1
	71791.80
	87553.97
	94408.33
	79823.85

	3
	Cost A2
	71791.80
	87553.97
	94408.33
	79823.85

	4
	Cost B1
	77541.00
	94225.40
	101688.69
	86076.26

	5
	Cost B2
	100734.02
	118641.29
	128025.32
	110114.66

	6
	Cost C1
	83381.73
	100019.80
	108243.15
	92018.22

	7
	Cost C2
	106574.75
	124435.69
	134579.78
	116056.62

	8
	Cost C3
	117232.23
	136879.26
	148037.76
	127662.28

	9
	Farm Business Income
	75695.05
	99128.27
	117472.86
	88940.80

	10
	Family Labour Income
	46752.83
	68040.95
	83855.87
	58650.00

	11
	Net Income
	40912.10
	62246.55
	77301.41
	52708.04

	12
	B:C Ratio
	1.38
	1.50
	1.57
	1.45



Fig. 1. Different Cost Concepts of Guava Farm
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4. CONCLUSION
The research ultimately demonstrates that guava growing in the alluvial plains of Prayagraj, Uttar Pradesh, constitutes a highly lucrative and cost-effective venture. The analysis indicates that guava cultivation yields substantial returns, rendering it an appealing choice for farmers pursuing sustained revenue generation. The crop possesses intrinsic benefits such as comparatively inexpensive planting costs, little maintenance requirements, and steady market demand nearly year-round. The advantageous agro-climatic characteristics of the region, along with enhanced agricultural practices and appropriate cultivars, substantially contribute to the economic viability of guava cultivation. Profitability encompasses many farm sizes, benefiting marginal, small, and medium farmers, thereby fostering inclusive agricultural growth. Furthermore, the study demonstrates guava's potential to facilitate agricultural diversification, encouraging farmers to transition from conventional crops to more profitable horticulture ventures. The findings highlight the crop's significance in enhancing rural livelihoods, creating employment possibilities, and bolstering food security while ensuring environmental sustainability. The economic feasibility of guava cultivation makes it a strategic option for agricultural development projects in comparable agro-climatic regions.
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