Economic Potential of Potato Production using Apical Rooted Cuttings Technology in Karnataka, India

Abstract
	Adopting Apical Rooted Cuttings (ARC) technology presents a transformative shift in potato cultivation in Karnataka, where high-quality seed tubers in traditional method of cultivation remain costly and disease-prone. This study assesses the economic potential of ARC technology compared to traditional method of potato cultivation, using data from ARC pilot implementation in Hassan district of Karnataka. A multistage purposive sampling technique was adopted to collect data from a sample of 80 farmers, consisting of 40 using the ARC and 40 employing traditional methods. Data on ARC multiplication was collected from two tissue culture laboratories and seven ARC nurseries.  Results indicated that the ARC technology significantly reduces costs, especially in seed material and improves yield by 3.19 quintals per hectare. At a 15 per cent adoption level, projected state-level benefits include ₹ 1,254.69 lakh in input cost savings, ₹ 224.41 lakh from yield gains and ₹ 364.23 lakh from employment generation from tissue culture labs and nurseries. These findings highlight ARC’s potential to enhance farmer income, reduce production costs and create rural employment opportunities, making it a sustainable, decentralized and economically viable alternative to traditional methods. The study supports scaling ARC technology across suitable agro-climatic zones in India through targeted policy support and awareness programs.
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1. Introduction 
	Agricultural innovation is pivotal to ensuring food security, improving farm income and fostering sustainable rural livelihoods. In the context of rapidly evolving climatic challenges, resource constraints and the growing demand for food, the need for scalable and efficient technologies in agriculture has become more urgent than ever (Alarcon and Bodouroglou, 2014). One such innovation gaining momentum in recent years is the use of Apical Rooted Cuttings (ARC) technology in potato cultivation (Buckseth et al., 2022; Lahane et al., 2025). As a vegetatively propagated crop, potato requires high-quality seed material for optimal production (Mohanty et al., 2020). In India, including Karnataka, traditional potato cultivation heavily relies on seed tubers, which are often expensive, disease prone and inefficient in storage and transportation (Anon., 2021; Lahane et al., 2025). 	
	Karnataka, one of the key potato-producing states in southern India, has diverse agro-climatic regions that make it suitable for year-round potato cultivation (Kuriachen et al., 2020). Hassan, Kolar, Chikkaballapur, Chikkamagaluru and Belagavi districts in the State contribute significantly to the state's potato production. However, potato production faces constraints such as limited access to quality seed tubers, high input costs, pest and disease incidences, and fluctuating market prices (Mohanty et al., 2020; Ravindranath et al., 2020; Moolimane, 2023). These challenges collectively hinder productivity and farmer profitability. ARC technology is said to be the potential to address these limitations. Derived from tissue culture techniques, ARC involves the production of healthy, disease-free and genetically uniform seedlings that can be transplanted in the field (Vanderzaag et al., 2021; Paul et al., 2022). This innovation reduces dependency on bulky and expensive seed tubers, enhances yield potential and improves input use efficiency (Mohanty et al., 2020).
	ARC seedlings are produced from in vitro plants using controlled environmental conditions. These seedlings are later hardened and transplanted into the field. Unlike conventional seed tubers, ARC seedlings are free from seed-borne diseases and can be multiplied rapidly through nursery systems (Madhu and Basavaraj, 2025). The propagation process ensures uniformity in crop stand, better vigour and early maturity, which eventually translates to higher productivity per unit area (Lahane et al., 2025). Moreover, the tissue culture-based propagation opens avenues for localized production of seedlings, which can boost rural employment in nursery management and tissue culture laboratories (Tumaini et al., 2024). From an economic perspective, ARC technology holds strong promise. The cost of producing ARC seedlings is considerably lower than the cost of procuring certified seed tubers (Mohanty et al., 2020; Ravindranath et al., 2020; Anon., 2021). Importantly, ARC enables farmers to plant more seedlings per hectare with less investment, leading to better land use efficiency and higher productivity. Adoption of ARC technology in India is found to be limited, primarily due to lack of awareness, limited access to ARC seedlings and the absence of region-specific economic assessments. While ARC has been successfully introduced in some potato belts in northern India, southern states like Karnataka still need robust empirical evidence to support widespread promotion and policy interventions (Mohanty et al., 2020; Ravindranath et al., 2020). 
	No comprehensive studies have been conducted in India to assess the potential of potato production using Apical Rooted Cuttings (ARC) technology. This research is significant as it provides pioneering insights into the economic and agronomic viability of ARC-based potato cultivation. In this context, the present study was conceptualized to examine the potential of potato production using apical-rooted cuttings technology in Karnataka. The objective was to evaluate the possible economic gains from ARC adoption through a detailed assessment involving comparative analysis with traditional cultivation methods. By simulating different levels of ARC adoption in high potato growing districts, the study aims to estimate the magnitude of benefits under different scenarios. The estimates of gains from yield improvements, cost reductions and employment creation under varying levels of ARC adoption, the research provides a holistic understanding of the technology’s implications. By evaluating its performance at the farm level, this study offers valuable data that can inform policymakers, researchers and extension agencies. It also lays a strong foundation for future research to explore regional adaptations, scalability and long-term impacts of ARC technology, ultimately contributing to sustainable potato production and enhanced farmer incomes in India. 


2. Methodology
2.1.  Sampling design
	A purposive multistage sampling method was adopted to determine the study area, whereas simple random sampling technique was employed to select the sample farmers. Hassan district was purposefully chosen as the study area since ARC technology is being piloted with the farmers in the region. Within Hassan district, two taluks namely Hassan and Arasikere were selected based on their extensive ARC potato cultivation. Subsequently, villages Tejur, Somanahalli, Hachagowdanahalli, Aladahalli and B. Byrapura in Hassan taluk and Aadhihalli in Arasikere taluk were chosen based on their demonstrated higher adoption rate of ARC technology (Table 1). 
	The sample farmers from the selected villages were randomly chosen for comprehensive data collection using a well-structured and pre-tested schedule. To facilitate comparative input use and economics, data was gathered from randomly selected farmers who were cultivating potatoes under both methods. A total of 80 respondents were selected for the study, with 40 farmers practicing ARC and 40 practicing traditional method. The relevant data on variables required for evaluating the objective of the study were collected from the sample respondents using pre-tested, well-structured schedule through personal interview method, during the months of March and April 2024, the data was collected was pertaining to the agricultural year 2023-2024.
Table 1: Selection of sample villages and sample respondents in the study area
	District
	Taluks
	Villages
	Sample size (n)

	
	
	
	ARC farmers
	Traditional farmers

	Hassan
	Hassan
	Tejur
	15
	06

	
	
	Somanahalli
	06
	07

	
	
	Aladahalli 
	05
	07

	
	
	Hachagondanahalli
	05
	10

	
	
	B. Byrapura 
	04
	05

	
	Arasikere
	Aadhihalli
	05
	05

	Total
	40
	40



2.2.  Nature of data
2.2.1. Primary data: Primary data was collected from 80 selected sample farmers, as explained in the previous section. Data about the input use pattern, costs and returns of ARC potato cultivation and traditional potato cultivation was elicited from the sample farmers. Information was also collected from two tissue culture laboratories regarding, costs pertaining to production of ARC seedlings, the number of tissue culture plants produced, labour requirements, and their wage rates and other related costs. Additionally, data on costs and production was also collected from seven nurseries involved in multiplication and selling of ARC seedlings. 
2.2.2. Secondary data: The secondary data on the potato area in Karnataka was collected from the Directorate of Economics and Statistics, Government of Karnataka.
2.3.  Analytical framework
	Descriptive statistics were employed to summarize and interpret the data on the economic potential of ARC technology in potato production across selected districts of Karnataka. Key measures such as averages, percentages and totals were used to analyze income generated from employment in tissue culture labs and nurseries, savings in input costs and additional income from yield improvements under different adoption scenarios. Partial budgeting approach was used for estimating the potential impact of research outcomes on income generation. Partial budgeting is a method of organizing experimental data and information about the cost and benefits from some change in the technologies being used on the farm. Increase and decrease in both costs and returns due to new technology adoption from the existing, were estimated to know the technology impact
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Figure 1. An illustration of partial budget
Source: Lessley et al. (1991)
3. Results and Discussion 
	Potato production plays a critical role in global food security and agricultural economies. Recent advancements, such as Apical Rooted Cuttings (ARC) technology, have been transforming potato cultivation by offering a sustainable, cost-effective alternative to traditional methods. ARC is an innovative approach that involves cultivating disease-free, high-quality seedlings derived from tissue culture, enabling a systematic and efficient supply chain. Table 2 provides a comparative analysis of input use and output differences between ARC and traditional methods of potato cultivation, clearly highlighting the economic and agronomic advantages of ARC technology. The ARC method significantly reduced input usage across various parameters such as human labour, bullock labour, machine hours, seed treatment chemicals, fertilizers, biofertilizers and weedicides inputs while also achieving a higher yield of 3.19 quintals per hectare compared to the traditional method. The cost of planting material was drastically reduced by over ₹ 32,000 per hectare (ha) due to the use of seedlings instead of seed tubers.
Table 2: Quantity of input and output difference between ARC and traditional method of potato cultivation in the study area
											 (Per hectare)
	Sl. No.
	Particulars 
	ARC
method
	Traditional 
method
	Incremental save of 
inputs per hectare
	Per unit 
cost

	1
	Human labour (Man days)
	113.01
	116.59
	3.58
	500.00

	2
	Bullock labour (days)
	6.87
	7.13
	0.27
	1500.00

	3
	Machine labour (hr)
	13.79
	14.01
	0.23
	900.00

	4
	Seed tubers (Rs)/Seedlings (Rs)
	34112.73
	66225.96
	32113.23
	-

	5
	Seed treatment chemicals (g)
	1520.71
	1673.36
	152.65
	1500.00

	6
	Chemical fertilizers
	
	
	
	

	a
	DAP(kg)
	250.38
	276.34
	25.96
	7.50

	b
	Urea (kg)
	241.47
	263.57
	22.11
	25.60

	c
	MOP(kg)
	261.75
	285.83
	24.08
	16.00

	8
	Biofertilizers (l)
	3.56
	4.74
	1.18
	550.00

	9
	Weedicides (l)
	4.12
	4.94
	0.82
	550.00

	10
	Yield gain (q)
	173.15
	169.96
	3.19
	2076.37


	Building on these per-hectare benefits, the study further analyzed the economic potential of ARC technology across five major potato-growing districts in Karnataka, which account for the highest area under potato cultivation in the state. To understand potential impact of technology in terms of income and employment from tissue culture laboratories, ARC nurseries, savings in input costs and yield improvements, projections were made under different scenarios. Accordingly, it was assumed that 5, 10 and 15 per cent of the existing area under potato cultivation using the traditional method would be replaced with the ARC method, in the year 2022. Thus, the findings at the micro level presented in Table 2 not only validated the on-field efficiency of ARC but also substantiated its macro-level potential to transform potato production systems in Karnataka and beyond.
3.1.  Potential of potato production using apical rooted cuttings technology
Scenario I: Replacement of five percent of existing potato area by ARC technology
The production process of invitro plants and ARC seedlings required skilled labour for tasks such as media preparation, sterilization, culturing, monitoring and packaging. Consequently, the demand for skilled and semi-skilled labour will result in significant employment opportunities both the tissue culture laboratory and ARC nurseries, including operations like mother bed preparation, apical cuttings, transplanting, watering, foliar application of micronutrients and hardening plantlets for field transfer. Under this scenario of a five per cent replacement of existing area under potato cultivation by ARC in each of the five major potato districts in Karnataka, income generation from employment, savings in input costs and yield difference were projected (Table 3).  It was found that in Hassan employment generated through production of invitro plant and seedlings was worth ₹ 0.88 lakh and ₹ 38.70 lakh respectively while in Kolar and Chikkaballapur districts, the employment generated was worth ₹ 0.53 lakh and ₹ 23.21 lakh, ₹ 0.52 lakh and ₹ 22.94 lakh, respectively. Savings in input costs were found to be significant, with Hassan achieving the highest projected savings of ₹ 136.33 lakh, followed by Kolar (₹81.75 lakh) and Chikkaballapur (₹ 80.81 lakh), demonstrating the potential of ARC technology in reducing costs such as seed tubers, human labour, machine labour, bullock labour, chemical fertilizers and biofertilizers. Chikkamagaluru and Belagavi districts, having smaller cultivated areas, showed lower absolute incomes but still benefited from input savings and employment opportunities. Income due to yield difference was highest in Hassan at ₹ 24.38 lakh, indicating strong productivity potential, while Belagavi had the least with ₹ 3.16 lakh. At the state level, the adoption of ARC technology under the scenario of five per cent of the cultivated area generated employment worth ₹ 2.69 lakhs from tissue culture laboratories, ₹ 118.72 lakhs from employment in ARC nurseries, ₹ 418.23 lakhs savings from input cost and ₹ 74.80 lakhs from yield difference.
Scenario II:  Replacement of 10 per cent of existing potato area by ARC technology
Replacement of existing potato area by 10 per cent under ARC technology amplified economic benefits significantly. Employment opportunities increased, with Hassan generating ₹ 1.76 lakh and ₹ 77.40 lakh from tissue culture laboratories and ARC nurseries, respectively. Kolar, Chikkaballapur, Chikkamagaluru and Belagavi followed similar trends, with significant employment from tissue culture laboratories and nurseries. Input cost savings were found to be doubled, reflecting the scalability of ARC technology. The savings from input cost were worth ₹ 272.65 lakh in Hassan, while Kolar and Chikkaballapur realized ₹ 163.50 lakh and ₹ 161.61 lakh, respectively. Returns from yield differences were substantial with Hassan generating ₹ 48.77 lakh while Kolar and Chikkaballapur generated ₹ 29.24 lakh and ₹ 28.91 lakh, respectively. The higher productivity through ARC adoption reinforced its potential to enhance potato production in Karnataka. At the state level, adopting ARC technology in 10 per cent of the area under cultivation generated economic benefits worth ₹ 5.39 lakh from employment in tissue culture laboratories, ₹ 237.44 lakh from employment in ARC nurseries, ₹ 836.46 lakhs from saving from input cost and ₹ 149.61 lakhs from increased income attributed to yield increase due to ARC technology.
Scenario III:  Replacement of 15 per cent of existing potato area by ARC technology



At the highest replacement of existing potato area by 15 per cent under ARC technology demonstrated maximum economic potential. Income generated from employment in tissue culture laboratories and ARC nurseries in Hassan was ₹ 2.63 lakh and ₹ 116.09 lakh respectively. Kolar, Chikkaballapur, Chikkamagaluru and Belagavi contributed significantly to employment, highlighting ARC technology's role in boosting rural employment. The savings due to input used was ₹ 408.98 lakh worth in Hassan while Kolar, Chikkaballapur, Chikkamagaluru and Belagavi achieving ₹ 245.25 lakh, ₹ 242.42 lakh, ₹ 185.65 lakh and ₹ 52.93 lakh respectively. This indicated efficient use of helps in reducing production costs over a larger area. Yield improvements were found to be highest in this scenario, with Hassan generating ₹ 73.15 lakh from enhanced productivity followed by  Kolar and Chikkaballapur with ₹ 43.86 lakh and ₹ 43.36 lakh, respectively. These savings and yield improvements contributed to higher profitability for farmers, making potato cultivation using ARC viable. At the state level, replacement of existing area by ARC technology generated employment worth ₹ 8.08 lakhs from tissue culture laboratories and ARC nurseries (₹ 356.15 lakhs). The largest income enhancement comes from savings in input costs (₹ 1,254.69 lakhs) and improvement in yield (₹ 224.41 lakhs). This analysis underscores the substantial economic advantages of ARC technology, primarily driven by cost savings and enhanced productivity, while also benefiting local employment. Positive outcomes due to the adoption of technology (Bt cotton) on poor households in rural India were attributed to increased 
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Table 3: Potential of potato production due to replacement of existing area under apical rooted cuttings technology 
(values in lakhs)
	Sl. No.
	Districts
	Area under potato cultivation in 2022 (in ha)
	Scenario I (5 % of area)
	Scenario II (10 % of area)
	Scenario III (15 % of area)

	
	
	
	A
	B
	C
	D
	A
	B
	C
	D
	A
	B
	C
	D

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	Hassan
	7371
	0.88
	38.70
	136.33
	24.38
	1.76
	77.40
	272.65
	48.77
	2.63
	116.09
	408.98
	73.15

	2
	Kolar
	4420
	0.53
	23.21
	81.75
	14.62
	1.05
	46.41
	163.50
	29.24
	1.58
	69.62
	245.25
	43.86

	3
	Chikkaballapur
	4369
	0.52
	22.94
	80.81
	14.45
	1.04
	45.87
	161.61
	28.91
	1.56
	68.62
	242.42
	43.36

	4
	Chikkamagaluru
	3346
	0.40
	17.57
	61.88
	11.07
	0.80
	35.13
	123.77
	22.14
	1.20
	52.70
	185.65
	33.21

	5
	Belagavi
	954
	0.11
	5.01
	17.64
	3.16
	0.23
	10.02
	35.29
	6.31
	0.34
	15.03
	52.93
	9.47

	6
	Karnataka
	22613
	2.69
	118.72
	418.23
	74.80
	5.39
	237.44
	836.46
	149.61
	8.08
	356.15
	1254.69
	224.41





Note: A, B, C, D indicate income generated due to employment generated in tissue culture laboratories, income generated due to employment creation in ARC nurseries, income due to savings in input costs and income generated due to yields difference respectively.

farm-level benefits driven by savings on insecticide use and higher effective yields despite the higher cost of seeds (Subramanian and Qaim, 2010).
The potential economic benefits due to adoption of an improved technology was also shown by a study conducted by Birthal et al. 2012 in case of drought-tolerant variety of groundnut (ICGV 91114) in Andra Pradesh. The potential benefits realized at the farm level contributed to 17 per cent reduction in variable costs due to 23 per cent increase in yield. Similarly, study conducted by VanderZaag et al. (2021) on using apical rooted cuttings for tuber production have shown that planting cuttings in raised beds improved performance compared to flat beds or furrows. Hilling up techniques increased tuber yield and reduced tuber greening. Optimal plant populations above 40,000 transplants/ha boosted yields but reduced tuber size, with the highest yields at 100,000 plants/ha. 
3.2. Partial budgeting analysis to assess the potential impact of using apical rooted cuttings technology over traditional method of potato production
The potential impact of potato production using ARC technology was also analyzed using the partial budgeting technique and the findings have been presented in Table 4. The debit side (A) lists the added costs incurred while adopting the ARC method, while the credit side (B) shows the additional returns and cost reductions.
	On the debit side, the major added costs included expenses incurred on Farm Yard Manure FYM at ₹ 1,187.86/acre, plant protection chemicals (₹ 357.11/acre), irrigation charges (₹ 121.53/acre) and a minor increase in costs for gunny bags (₹ 51.70) and marketing cost (₹ 41.36). Additionally, depreciation costs amounted to ₹ 182.29. The total increased cost for adoption of ARC technology was found to be ₹ 1,941.86/acre. There was no reduction in revenue observed due to adoption of ARC technology. On the credit side, increased revenue due to higher yields from ARC technology amounted to ₹ 4,419.67/acre. In terms of reduced costs, the most notable savings were observed from ARC seedling costs instead of seed tubers (₹ 13,001.31/acre), labour costs (₹ 1,880.36/acre), seed treatment (₹ 241.75 /acre), fertilizer expenses (₹ 492.20 /acre) and biofertilizers cost (₹ 260.18 /acre) resulting in cost reduction by ₹ 14,953.08/ acre. Overall, the total credit (₹19372.75 /acre) significantly surpassed the total debit (₹1941.86 /acre), resulting in a net gain of ₹ 17430.89/acre using ARC technology. The substantial cost savings in seedling, labour, and seed treatment costs, along with the increased yield, made the ARC method of potato cultivation highly beneficial over the traditional potato cultivation method. The findings demonstrated the economic advantages of adopting the ARC method of potato cultivation over the traditional method. 
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Table 4: Partial budgeting of apical rooted cuttings (ARC) method of potato cultivation over traditional method of potato cultivation (per acre)
	Debit (A)
	Credit (B)

	Added cost
	Amount in ₹
	Added return
	Amount in ₹

	a) FYM usage
	1187.86
	a) Yield difference
	4419.67

	b) PPC usage
	357.11
	 
	

	c) Irrigation charges
	121.53
	 
	

	d) Cost of gunny bag
	51.70
	 
	

	e) Higher marketing cost
	41.36
	 
	

	f) Depreciation cost
	182.29
	 
	

	Total increased cost
	1941.86
	Total increased revenue
	4419.67

	Reduced return
	Amount in ₹
	Reduced cost
	Amount in ₹

	
	0
	a)  Seedling cost
	13001.31

	 
	
	b)  Labour cost
	1880.36

	 
	
	c)  Seed treatment cost
	241.75

	 
	
	d) Fertilizer cost
	492.20

	
	
	e)  Biofertilizers  cost
	260.18

	Total decreased revenue
	0
	Total decreased cost
	14953.08

	Total debit
	1941.86
	Total credit
	19372.75

	Net gain (B-A)
	17430.89
	
	









4. Conclusion
	The study revealed that Apical Rooted Cuttings (ARC) technology offers a viable alternative to traditional potato cultivation in Karnataka, with notable advantages in cost savings, yield increase and generation of employment. Economic projections across varying adoption scenarios showed consistent increases in farmer income and employment opportunities, especially in tissue culture laboratories and ARC nurseries. At higher adoption levels, the economic impact scaled significantly, suggesting strong potential for scalability of technologies and agriculture transformation. Given the economic and agronomic advantages, promoting ARC technology through targeted interventions such as the establishment of small-scale localized ARC tissue culture laboratories and seedling production units, awareness programs and extension services will facilitate its wider adoption and generation of rural employment. Given the empirical evidence, policies should be designed to promote technology adoption which will enable inclusive growth and sustainable intensification for potato production in Karnataka.
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