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ABSTRACT

	This study examined the adoption of social and technological innovations among Small Tea Growers (STGs) in Tamil Nadu and Kerala. Data from 150 growers were analyzed to identify the major factors influencing adoption behaviour. Most growers reported a medium level of innovation adoption, indicating a gradual but steady uptake of improved practices in the small tea sector. Annual income, occupation, area under tea and access to basic mechanization showed positive associations with adoption, while age and formal education exhibited negative relationships, suggesting that younger and moderately educated growers were more receptive to new practices. MCA was used to examine the contribution of variables such as age, education, occupation, income, farm machinery and area under tea to the adoption dimensions. The findings also indicated that Tamil Nadu growers had higher adoption levels than Kerala growers, largely due to stronger institutional support and better access to key resources. These results highlight the need for targeted support that enhances growers’ economic capacity and strengthens their linkages with extension and cooperative networks. Improving access to affordable credit, practical training, and low-cost mechanization can further accelerate innovation uptake. The study provides useful insights for researchers and policymakers seeking to promote sustainable improvements in smallholder tea cultivation.
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1. INTRODUCTION






Tea (Camellia sinensis) is the second most consumed beverage in the world after water, contributing significantly to rural employment, export earnings, and livelihood security in several developing countries [1]. Globally, Asia dominates tea production, with China and India together accounting for more than two-thirds of the total output. India ranks as the second-largest tea producer, with an annual production of nearly 1.38 million tonnes in 2023-24 [2]. Major tea-growing regions include Assam and West Bengal in the north and the southern states of Tamil Nadu, Kerala, and Karnataka, which together contribute about 17 percent of the country’s total production [3].

Over the past few decades, the Indian tea industry has seen major changes with the rapid growth of small tea growers (STGs). These farmers, who cultivate tea on less than 25 acres of land, now produce more than half of India’s total tea output [4]. The rise of STGs has helped diversify tea production and create new rural employment opportunities. However, it has also brought several challenges related to maintaining productivity, ensuring quality, and improving market access. Many smallholders continue to face barriers such as limited access to technical advice, credit, and extension support, and they largely depend on Bought-Leaf Factories (BLFs) for processing and selling their tea [5,6]. To overcome these issues, greater attention is needed on promoting social and technological innovations that can improve efficiency, strengthen quality standards, and enhance the competitiveness of small tea farms.

Technological changes such as better pruning and plucking methods, proper shade management, use of organic manure, integrated pest and disease control, and mechanization have played a key role in improving yield and maintaining the quality of green leaves in tea cultivation [7,8]. Alongside these, social initiatives like group certification, collective marketing, participation in cooperatives, and farmer training programmes have helped strengthen coordination and linkages among growers [9, 10 ,11]. Together, these technological and social efforts support knowledge sharing, improve product quality, and contribute to better and more sustainable livelihoods for small tea farmers.

Despite several initiatives by the Tea Board of India and cooperative organisations to promote such innovations [4,2], adoption levels among smallholders remain uneven. Variations in education, experience, training exposure, and institutional support have led to differing adoption intensities across regions [12,13]. Previous studies have generally examined either the technological or the social dimension in isolation, offering limited understanding of their combined influence on adoption behaviour. A comprehensive assessment that integrates both aspects is therefore essential to identify the factors shaping innovation adoption among STGs in South India. 
The present study attempts to address this gap by examining the extent of adoption of social and technological innovations among small tea growers in South India and the key factors influencing their adoption behaviour. Using Multiple Correspondence Analysis (MCA), the study provides evidence on how socio-economic characteristics, institutional support, and farming context shape the innovation decisions of growers. The findings offer useful insights for researchers and policymakers, helping them design practical strategies that strengthen extension support, promote innovation diffusion, and improve the livelihoods of smallholder tea growers.

2. methodology 

1.1 Objective

To assess the extent of adoption of social and technological innovations among small tea growers (STGs) in South India and to identify the major socio-economic and agro-ecological determinants influencing their adoption behaviour.

2.1 Location of the study

The study was conducted in the southern tea-growing regions of Tamil Nadu and Kerala. Within these states, the Nilgiris district in Tamil Nadu and the Wayanad district in Kerala were purposively selected because of their prominence in smallholder tea cultivation and favourable agro-ecological conditions. Both districts have a large concentration of Small Tea Growers (STGs) operating under cooperative as well as private arrangements.

2.2 Sampling procedure
The study adopted a purposive sampling method to select two major tea-growing districts in South India the Nilgiris in Tamil Nadu and Wayanad in Kerala based on the predominance of small tea growers in these regions. Within these districts, key blocks such as Coonoor, Gudalur, and Udhagamandalam in the Nilgiris and Sultan Bathery and Mananthavady in Wayanad were identified for data collection. A proportionate random sampling approach was used to select 150 small tea growers (100 from the Nilgiris and 50 from Wayanad), ensuring that the sample reflected the distribution of growers across the districts. In addition, 50 extension personnel from the Tea Board of India, UPASI, NGOs, and government departments were included to capture institutional perspectives. Thus, the total sample size consisted of 200 respondents, ensuring balanced representation of small tea producers and key institutional stakeholders.

2.3 Data collection and analysis
Primary data were collected using a structured and pre-tested interview schedule administered through semi-structured interviews and field observations. The instrument captured socio-economic, agro-ecological, and behavioural characteristics of growers, along with their adoption of social and technological innovations. The Adoption Index was computed following the method of [15], which measures the intensity of adoption across multiple recommended practices:

Adoption index =  x 100

The Adoption Index was calculated for each respondent based on the identified social and technological innovations. For every practice, a score of 1 was given if the farmer had adopted it and 0 otherwise. The total adoption score for each respondent was divided by the maximum possible score and multiplied by 100, yielding an index ranging from 0 to 100. Higher values indicate greater intensity of innovation adoption. Based on the calculated adoption index, respondents were classified into low, medium, and high adoption groups using the quartile approach, where the first quartile (Q1) represented low adoption, the second quartile (Q2) represented medium adoption, and the third quartile (Q3) indicated high adoption. Descriptive statistics such as mean and percentage were used to summarize the data. Multiple Correspondence Analysis (MCA) was employed to examine the contribution of categorical variables such as age, education, occupation, income, area under tea, and farm machinery to the adoption dimensions. All analyses were carried out using IBM SPSS Statistics v26, and results were presented through numerical summaries and graphical interpretations.

3. results and discussion

3.1 Socio-personal dimension

3.1.1 Age

The respondents were grouped into three major categories - youth (≤ 35 years), middle-aged (36–50 years), and senior farmers (> 50 years). The distribution of small tea growers across these age groups is presented in Table 1.

Most growers fall in the senior category (>50 years), representing 68% of the sample overall, with a higher share in Kerala (74%) than Tamil Nadu (65%). Only 4% are youth (≤35 years). This age structure signals an ageing smallholder workforce, echoing national evidence of rising farmer age and low youth entry into agriculture [16]. 

In tea smallholdings, limited profitability and better non-farm options often draw younger family members away, leaving older household heads to manage tea gardens [5, 6]. Recent work on STGs in South India also notes that older growers dominate production networks and institutional spaces, with implications for innovation uptake and labour availability [14].

3.1.2. Education

The respondents were classified into six categories according to their educational attainment. Education plays a pivotal role in enhancing farmers ability to obtain, process, and apply agricultural information, which in turn shapes their adoption behaviour [17]. The distribution of respondents by educational level is presented in Table 2.

The educational distribution shows that most small tea growers were fairly educated. About 30 percent had completed high school (H.S.L.C), followed by 25.33 percent who were graduates and above. Nearly one-fifth (19.33 percent) had completed higher-secondary or middle-school education, while only 2 percent were illiterate and 4 percent had education limited to the primary level. These results indicate that the majority of tea growers in the study area possess a reasonable level of formal education, which may support their ability to maintain records, understand training materials, and adopt innovative practices. [18] reported that education significantly reduces the technology gap, as better-educated growers are more capable of understanding and applying improved cultivation techniques.

3.1.3. Occupational status

Occupational status helps to understand whether tea cultivation is the main or secondary source of income for growers. It also shows how much they rely on tea farming and whether they engage in other income-generating activities. Many smallholders diversify their livelihoods to reduce risk and maintain stability. Such diversification has been recognized as important for the sustainability of small tea growers [10].
The data reveal that a majority (58.66%) of small tea growers were engaged solely in farming, indicating their strong reliance on tea cultivation as the principal livelihood source. Around 24% of respondents combined tea farming with small-scale business activities such as input retailing, tea trading, or petty shops, while 17.33% supplemented farm income with service or wage-based employment. This diversification reflects farmers’ attempts to maintain income stability and mitigate market and climatic risks that affect tea prices and productivity. Similar livelihood diversification patterns were observed by [8], who noted that the seasonal and price-dependent nature of tea often pushes growers to pursue secondary occupations. [19] found that farmers engaged in multiple income activities attained better financial stability than those relying exclusively on a single crop.

Table 1. Age-wise distribution of STGs in South India (N = 150)

	Sl. No
	Age group (years)
	Tamil Nadu (n=100)
	Kerala (n=50)
	Overall frequency
	Overall %

	1
	Youth (≤ 35)
	4.0%
	4.0%
	6
	4.0

	2
	Middle-aged (36–50)
	31.0%
	22.0
	42
	28.0

	3
	Senior (> 50)
	65.0%
	74.0%
	102
	68.0

	
	Total
	100 (100%)
	50 (100%)
	150
	100.0



Table 2. Education-level distribution of the sample respondents (N = 150)
	Sl. No
	Education level
	Tamil Nadu (%)
	Kerala (%)
	Frequency
	Overall %

	1
	Illiterate
	2.87
	0.00
	3
	2.00

	2
	Can read and write / Primary
	1.90
	8.00
	6
	4.00

	3
	Middle school passed
	16.00
	24.00
	29
	19.33

	4
	H.S.L.C passed
	30.00
	30.00
	45
	30.00

	5
	Higher secondary / P.U.
	19.00
	20.00
	29
	19.33

	6
	Graduate and above
	31.00
	18.00
	38
	25.33

	
	Total
	100.00
	100.00
	150
	100.00



Table 3. Occupational status of the sample respondents (N = 150)
	Sl. No
	Occupational status
	Tamil Nadu (%)
	Kerala (%)
	Frequency
	%

	1
	Farming only
	61.5
	53.0
	88
	58.66

	2
	Farming + business
	24.0
	24.0
	36
	24.00

	3
	Farming + service jobs
	14.5
	23.0
	26
	17.33

	
	Total
	100
	100
	150
	100



3.2. Socio-economic dimension

3.2.1 Annual income
Annual family income is a crucial socio-economic indicator reflecting the financial well-being of small tea growers. It determines their capacity to invest in improved practices, adopt innovations, and cope with market fluctuations [20]. The distribution of respondents according to income level is shown in Table 4.

The results show that nearly half of the small tea growers (47.33%) earned above ₹ 2,00,000 annually, while 44 percent earned between ₹ 1,50,001 and ₹ 2,00,000, and only 8.66 percent fell below ₹ 1,50,000. Higher-income households were concentrated in Mananthavady (57.14%), Sultan Bathery (50%), and Ooty (46.34%), highlighting that tea cultivation provides a reasonably stable and profitable livelihood in these regions.

Comparable income patterns among South Indian smallholders were observed by [7], who noted that better-managed small tea holdings consistently outperformed estate-based systems in profitability. [21] noted that diversified farming systems combined with tea cultivation improved overall household income and resource utilization among small tea growers in Assam. 

3.3. Agro-ecological dimension

3.3.1. Area under tea cultivation

The extent of land under tea cultivation reflects the production potential and livelihood dependence of small tea growers. Sharma and [22] defined small tea growers as those cultivating tea on less than 10.12 hectares (25 acres) of land and highlighted that such growers form the majority of India’s tea-producing community. Respondents were classified into categories based on the total area devoted to tea, and the results are presented in Table 5.
The findings reveal that the majority (60.66%) of small tea growers possessed holdings of up to one acre, while 32% cultivated between 1.1 and 3 acres. Only 7.33% of respondents owned more than three acres of tea plantation. 	This distribution confirms that tea cultivation in the study area is dominated by smallholders, consistent with the national trend reported by the [2], where small tea growers contribute over half of India’s total tea output. The size of landholdings also determines economies of scale, investment ability, and the capacity to adopt improved practices [23]. 
3.3.2 Farm machinery
Possession of farm machinery reflects the extent of mechanization in tea cultivation and growers’ ability to enhance labour efficiency, reduce production costs, and improve timeliness of operations. The distribution of respondents according to their machinery ownership is presented in Table 6.
The analysis revealed that a majority (55.33 %) of small tea growers possessed tea-plucking machines such as hand shears, knife or battery-operated harvesters, while 30.67 % owned pruning machines. About 30 % used other mechanical tools like weeders and dryers for field operations. These findings indicate a moderate level of mechanization, primarily restricted to basic equipment for harvesting and pruning. Large or advanced machinery remains uncommon due to the high cost of investment smaller holdings, and limited access to group-based credit or subsidy schemes. [24] also reported that the adoption of mechanized harvesting depends on farmers’ experience, land size, and access to information, noting that smallholders often face financial and resource constraints that limit large-scale mechanization.
Table 4. Annual family income distribution of the sample respondents (N = 150)
	Sl. No
	Family income (₹)
	Tamil Nadu (%)
	Kerala (%)
	Frequency
	%

	1
	1,00,001 - 1,50,000
	9.0
	8.0
	13
	8.66

	2
	1,50,001 - 2,00,000
	45.0
	43.0
	66
	44.00

	3
	Above 2,00,000
	46.0
	49.0
	71
	47.33

	
	Total
	100.0
	100.0
	150
	100.0


Table 5. Area under tea cultivation distribution of the sample respondents (N = 150)
	Sl. No
	Area under tea cultivation
	Tamil Nadu (%)
	Kerala (%)
	Frequency
	%

	1
	Up to 1 acre
	61.3
	59.5
	91
	60.66

	2
	1.1 – 3 acres
	30.7
	33.5
	48
	32.00

	3
	More than 3 acres
	8.0
	7.0
	11
	7.33

	
	Total
	100.0
	100.0
	150
	100.0


	
Table 6. Farm machinery possession distribution of the sample respondents (N = 150)

	Sl. No
	Type of machinery possessed
	Tamil Nadu (%)
	Kerala (%)
	Frequency
	%

	1
	Tea pluckers (shear / knife / battery-operated harvesters)
	58.0
	52.5
	83
	55.33

	2
	Tea pruning machine
	31.0
	30.3
	46
	30.67

	3
	Other tools (weeders, dryers, mechanical equipment)
	11.0
	17.2
	45
	30.00

	
	Total
	100.0
	100.0
	150
	100.0













3.4. Extent of social and technological innovation adoption

The extent of social and technological innovation adoption among small tea growers was assessed using an adoption index constructed from major innovation components. The overall analysis revealed that the diffusion of both technological and social innovations in the study area has been moderate but progressive, reflecting a gradual shift toward improved practices and community-based participation.

3.4.1. Technological innovation

The item-wise adoption pattern Table 7 showed that most small tea growers widely adopted input management practices such as fertilizer use and pest-disease control (98%), shade-tree management (92.7%), and clonal varieties (80.7%). These practices are essential for maintaining yield and are often promoted through factory and Tea Board extension programs. A moderate level of adoption was seen for machinery usage (58.7%), mainly for










plucking and pruning, though larger machines are uncommon because of small and uneven landholdings. Adoption of soil-conservation practices (28.7%), organic manures usage (20.7%), and digital tools (16.7%) was relatively low, suggesting that high costs and limited awareness remain barriers. Certification practices such as organic or fair-trade labelling (0.7%) were almost less, indicating low market access and limited institutional support for such schemes.

As shown in Table 8, 42.7% of the growers exhibited a low level of technological innovation adoption, followed by 27.3% with medium adoption and 30% with high adoption. The mean technological adoption index of 49.83% indicates an overall moderate level of adoption. The diffusion of new technologies such as mechanical pruning, drip irrigation, and integrated pest management tools demonstrates growing awareness among smallholders, though widespread adoption remains constrained by cost and credit availability [24,25]. High machinery costs, small landholdings, and labour scarcity were found to limit mechanization in plantation crops [26,27].

Table 7. Item-wise adoption of technological innovations among small tea growers

	S. No
	Technological Innovation
	Adoption (%)

	1
	Adoption of clonal varieties
	80.7

	2
	Input management practices (fertilizer and pest-disease control)
	98.0

	3
	Farm mechanization level 
	58.7

	4
	Application of organic manures
	20.7

	5
	Soil-conservation practices
	28.7

	6
	Utilization of digital and ICT-based tools
	16.7

	7
	Shade-tree management practices
	92.7

	8
	Organic certification
	0.7

	
	Mean Adoption Index = 49.83 %
	SD = 17.85



3.4.2. Social innovations

The extent of social innovation adoption was comparatively higher than technological adoption. Most growers were members of associations (93.2%), actively engaged in knowledge sharing (91.7%), cooperative activities (88%), and group decision-making (88%), indicating strong social cohesion. However, participation in formal training programs remained low (39.8%), suggesting that capacity-building opportunities are limited. The mean social-innovation index of 71.07% represents a high level of adoption, with 45.3% of respondents displaying medium and 28% high adoption. [28] observed that organizational innovations such as producer cooperatives and self-help groups enhance the bargaining power and social capital of small tea growers, while [10] reported that collective producer networks play a key role in promoting financial inclusion and resilience among smallholders. 

3.4.3. Overall adoption

The overall innovation adoption index Table 11 recorded a mean of 58.00%, signifying a moderate level of innovation adoption among small tea growers. Nearly half of the respondents (47.3%) fell into the medium category, 36% into the high category, and only 16.7% into the low category. This suggests that while most growers are aware of improved practices and possess strong social linkages, financial limitations and small farm sizes continue to constrain adoption. Collective organizations and self-help groups play an important role in supporting growers through social and financial cooperation, while mechanization helps reduce labour costs and improve operational efficiency. However, the high cost of machinery and limited credit access remain major challenges restricting smallholder adoption [29, 30]

Table 8. Extent of technological innovation adoption
	Category
	Range (%)
	Frequency
	Percentage

	Low
	< 37.50
	64
	42.7

	Medium
	37.50 – 50.00
	41
	27.3

	High
	> 50.00
	45
	30.0

	Total (N = 150)
	
	
	100.0

	
	Mean = 49.83 % SD = 17.85
	
	




Table 9. Item-wise adoption of social innovations among small tea growers
	S. No
	Social Innovation
	Adoption (%)

	1
	Collective action and cooperative participation
	88.0

	2
	Participatory group decision-making
	88.0

	3
	Knowledge and information exchange networks
	91.7

	4
	Membership in farmer-based organizations
	93.2

	5
	Participation in capacity-building and training programs
	39.8

	
	Mean Social-Innovation Index = 71.07 %
	SD = 31.82



Table 10. Extent of social innovation adoption
	Category
	Range (%)
	Frequency
	Percentage

	Low
	< 60.00
	40
	26.7

	Medium
	60.00 – 80.00
	68
	45.3

	High
	> 80.00
	42
	28.0

	Total (N = 150)
	
	
	100.0

	
	Mean = 71.07 % SD = 31.82
	
	



Table 11. Overall extent of innovation adoption
	Category
	Range (%)
	Frequency
	Percentage

	Low
	< 46.15
	25
	16.7

	Medium
	46.15 – 61.54
	71
	47.3

	High
	> 61.54
	54
	36.0

	Total (N = 150)
	
	
	100.0

	
	Mean = 58.00 % SD = 19.04
	
	




The Mann–Whitney U test (Table 12) revealed a statistically significant difference (p = 0.037) between Tamil Nadu and Kerala in overall innovation adoption. The mean rank for Tamil Nadu growers (80.67) was higher than that of Kerala growers (65.17), indicating a higher extent of adoption in Tamil Nadu. Item-wise analysis showed significant differences in the use of machinery (p = 0.026), soil-management practices (p = 0.015), training participation (p = 0.005), and use of digital tools (p = 0.044), all favoring Tamil Nadu. This suggests that growers in the Nilgiris region benefit from better institutional linkages, mechanization access, and organized extension support, while Kerala growers though more socially cohesive showed comparatively lower technological adoption due to terrain, fragmentation, and higher labour dependency.

Table 12. Mann-Whitney U test for state-wise comparison	
	Statistic
	Value

	N (Total)
	150

	Mann-Whitney U
	1983.500

	Z (Standardized Statistic)
	–2.081

	Asymp. Sig. (2-tailed)
	0.037 * (Significant)

	Mean Rank - Tamil Nadu
	80.67

	Mean Rank - Kerala
	65.17
Note: p < 0.05 indicates statistical significance




3.5 Determinants of innovation adoption

Understanding the determinants influencing the adoption of social and technological innovations helps identify key socio-economic and agro-ecological variables shaping small tea growers’ behaviour. In this study, the relationship between independent variables and the overall adoption index was examined using Spearman’s rank correlation and Multiple Correspondence Analysis (MCA).

3.5.1. Correlation analysis

The correlation results Table 13 revealed that age, education, area under tea, occupation, annual income, and farm machinery possession were the major factors significantly associated with the level of adoption. Among these, annual income (r = 0.436, p < 0.01) showed a strong positive relationship with adoption, followed by occupation (r = 0.267, p < 0.01) and area under tea (r = 0.184, p < 0.05). This implies that growers with higher income, larger tea area, and full-time engagement in farming are more capable of investing in new practices. In contrast, age (r = –0.209, p < 0.05) and education (r = –0.201, p < 0.05) were negatively associated with adoption, indicating that younger and less formally educated growers were relatively more responsive to innovation. The negative relationship between education and innovation adoption indicates that growers with fewer years of formal schooling were more active adopters. Field interactions showed that better-educated household members were often engaged in non-farm jobs and less involved in daily tea management, while less formally educated growers relied more on tea and were therefore more responsive to new practices.
Table 13. Correlation analysis of variables with innovation adoption
	Sl. No
	Variable
	Correlation (rₛ)
	Significance (p)
	Relationship

	1
	Age
	–0.209
	0.014
	Negative and significant

	2
	Education
	–0.201
	0.014
	Negative and significant

	3
	Occupation
	0.267
	0.001
	Positive and significant

	4
	Area under tea
	0.184
	0.042
	Positive and significant

	5
	Annual income
	0.436
	0.000
	Strong positive and significant

	6
	Farm machinery
	0.180
	0.045
	Positive and significant




3.5.2 Multiple Correspondence Analysis (MCA)
MCA was used to identify the multivariate associations among categorical variables and their contribution to adoption patterns. As presented in (Table 14), annual income (contribution = 0.497), occupation (0.331), and age (0.215) showed the highest explanatory power for innovation adoption. The biplot (Figure 1) showed that high-income growers, those engaged in diversified occupations, and growers with medium-to-large landholdings were positioned close to the “High Adoption” quadrant, indicating their stronger association with innovation uptake, while older and smallholding farmers were clustered near the “Low Adoption” category.

Table 14. Column contributions of MCA

	Variable
	Categories
	Dim 1 Contribution
	Dim 2 Contribution

	Age
	Youth, middle age, senior age
	0.215
	0.084

	Education
	Low, Medium, high
	0.188
	0.073

	Occupation
	Tea only, Tea + other business, non-agri
	0.331
	0.055

	Area under tea
	Low, medium, high
	0.165
	0.005

	Income
	Low, medium, high
	0.497
	0.082

	Farm machinery
	Low, medium, high
	0.067
	0.042




The MCA results underline that income, occupation, and age are the strongest contributors to adoption behaviour, followed by education and area under tea cultivation. Farm machinery showed only a small influence. These variables explain a meaningful proportion of the variation in adoption behaviour, indicating that income levels, livelihood patterns, and demographic attributes play the most influential roles in shaping innovation adoption among small tea growers. [31], who found that Sri Lankan smallholders with higher incomes and better awareness of recommended practices showed stronger adoption behaviour. Likewise, [32] observed that farmers with greater access to technology, training, and credit exhibited higher willingness to adopt new agricultural practices. 
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Dimension 1




Fig. 1. Joint plot of category points obtained from Multiple Correspondence Analysis (MCA)

(The figure shows the spatial association of variables influencing innovation adoption among small tea growers. Categories positioned closer indicate stronger relationships, with high adoption linked to higher income, larger area, and mechanization, while low education and low mechanization align with low adoption)


The study analyzing the adoption of social and technological innovations among small tea growers (STGs) in Tamil Nadu and Kerala underscores the influence of socio-economic and agro-ecological factors on growers’ innovation behaviour. Data collected from 150 small tea growers were analyzed using an adoption index, correlation analysis, and Multiple Correspondence Analysis (MCA). The results revealed that the majority of growers displayed a medium level of innovation adoption, indicating steady diffusion of improved practices in the small tea sector. Technological innovations such as input management practices (98%), shade-tree management practices (92.7%), and clonal varieties (80.7%) were the most widely adopted, while the use of digital tools (16.7%) and certification (0.7%) remained limited. Similarly, social innovations - membership in associations (93.2%), knowledge sharing (91.7%), and collective decision-making (88%) showed strong adoption, suggesting that smallholders rely heavily on social networks and cooperative support. [33] found that factors such as education, farm size, access to information, and financial resources strongly influence the adoption of sustainable agricultural technologies, showing that farmers with better socio-economic conditions are more likely to adopt new innovations.

4. Conclusion

This study provides an in-depth understanding of the extent and determinants of social and technological innovation adoption among small tea growers in Tamil Nadu and Kerala. The analysis revealed that socio-economic and agro-ecological factors such as age, education, occupation, farm size, income, and access to farm machinery significantly influence the adoption behaviour of growers. The findings indicated that while a majority of respondents exhibited a medium level of innovation adoption, Tamil Nadu growers demonstrated comparatively higher adoption levels than their Kerala counterparts. This variation reflects the influence of better institutional support, mechanization facilities, and stronger linkages with extension and Tea Board programs in the Nilgiris region. Conversely, lower adoption in Kerala can be attributed to fragmented holdings, steep terrain, and limited mechanization access, which constrain technological diffusion.

Farmers with larger land area and having diversified income are more likely to adopt improved agricultural practices that enhance productivity and efficiency. Studies show that both personal factors, such as knowledge and financial capacity, and institutional factors, including extension services and credit facilities, influence technology adoption. Education and participation in farmer networks help build awareness and confidence, while limited funds and weak institutional support remain barriers. These findings indicate that social, economic, and institutional conditions play a key role in shaping farmers’ adoption behaviour [34,35].

The recommendations of this study are directly derived from the observed determinants of innovation adoption. The analysis showed that income, occupation, area under tea, and access to mechanization significantly increased adoption, while age and formal education had negative associations. Tamil Nadu growers displayed higher adoption levels than those in Kerala, largely due to stronger institutional linkages. Based on these findings, the following targeted strategies are proposed: 

1. Strengthen institutional and advisory support:
Since growers with better institutional contact (Tamil Nadu) showed higher adoption, state extension systems should enhance access to Tea Board schemes, cooperative societies, and field-level advisory services, particularly in Kerala.
2. Promote affordable mechanization for smallholders
Farm machinery showed a positive contribution to adoption. Introducing low-cost, small-scale machinery suited for hilly terrains and small landholdings can support growers with limited resources.
3. Expand training and skill-based extension programs
Younger growers were more receptive to innovations. Regular training on precision farming, organic inputs, quality improvement, and digital tools can encourage adoption among older growers and those with less formal education.
4. Strengthen grower associations and cooperative action
Occupation and livelihood dependence on tea strongly influenced adoption. Strengthening farmer groups, SHGs, and cooperatives can improve collective decision-making, peer learning, and access to shared resources.
5. Promote digital advisory and sustainable agricultural practices
Digital tools can help bridge the information gap observed among low-education groups. Weather-based advisories, mobile apps, and certification support systems can increase growers’ technical awareness.
6. Develop state-specific policies addressing adoption gaps
Since Tamil Nadu growers had higher adoption due to stronger institutional support, Kerala requires targeted policies to improve extension reach, credit access, and mechanization subsidies tailored to smallholders. 
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