Demographic Determinants of Millet Commercialization in Rainfed Hilly Regions: Evidence from a North Himalayan State of India


Abstract
Millets, historically sidelined during Green Revolution due to the prioritization of high-yielding cereals, are now witnessing a global resurgence owing to their nutritional superiority, climate resilience, and minimal external input requirements. As food systems evolve from addressing hunger to promoting holistic nutrition and sustainability, millets have re-emerged as the vital crops for achieving food and livelihood security, particularly in marginal and rainfed regions. In this context, the present study examines the role of demographic determinants in influencing the commercialization of millets in the rainfed hilly regions of Uttarakhand, India. A total of 244 millet-growing households were surveyed, selected through a cluster sampling technique with purposive facilitation by the local NGO, Himmothan, working to promote millets cultivation and commercialisation. The study included four clusters -two each from the Garhwal and Kumaon divisions - chosen for their distinct agro-ecological characteristics and active government-led interventions aimed at millet promotion. Respondents were identified using proportionate probability sampling to ensure regional representativeness. The study assessed how demographic variables—such as age, gender, education, income, farming experience, cropping intensity, and landholding size—affect the extent and level of millet commercialization. The findings aim to identify key demographic profiles that are most responsive to millet commercialization opportunities. Younger farmers (β = -0.176), those with higher educational qualifications (β = 0.188), relatively larger landholdings (β = 0.198), and higher cropping intensity (β = 0.277) were found to be more actively engaged in millet cultivation at a commercial level. These insights can support the development of evidence-based policies and targeted interventions that promote inclusive, scalable, and context-specific strategies for millet commercialization in similar hill agro-ecosystems. 
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1. INTRODUCTION
The global food system is grappling with a range of unprecedented challenges, particularly in developing countries, where food insecurity and malnutrition continue to rise. Sub-Saharan Africa (SSA) faces the highest prevalence, affecting 22.3% of its population (FAO et al., 2022). However, countries like India are also significantly impacted, facing a triple burden of malnutrition, under-nutrition, over-nutrition, and micronutrient deficiencies. Despite these challenges, India has made considerable efforts to enhance food production and resource utilization, beginning with the historic Green Revolution of the 1970s, which marked a turning point toward self-sufficiency in several food sectors. In recent years, Indian millets have emerged as a promising solution to global food security concerns. These ancient grains offer superior nutritional, environmental, and economic advantages compared to widely consumed staples such as rice and wheat (Amadou et al., 2013; Mishra et al., 2024). As a resilient cereal crop, millet is extensively cultivated across India, positioning the country as one of the world’s leading millet exporters (Singh, et al., 2023). With changing dietary patterns, climate stress, and resource scarcity, promoting millet production and consumption could play a critical role in addressing food security challenges both in India and globally.
Millets, often referred to as "nutri-cereals," are a group of small-seeded grasses cultivated for food and fodder. Despite their historical significance in traditional farming systems across India, millets were sidelined during the green revolution, which prioritized high-yielding varieties of rice and wheat to ensure food security (Pingali, 2012). However, in recent years, there has been a resurgence of interest in millets due to their superior nutritional profile, ability to thrive in marginal environments, and low input requirements (nagaraja et al.,2024; Raut et al.,2023).

In the wake of rising concerns about climate change, food insecurity, and soil degradation, millets are being promoted as climate-resilient crops that support sustainable agriculture (Muthamilarasan & Prasad, 2021). Their adaptability to drought-prone and rain-fed agro-ecological zones makes them ideal for cultivation in hilly terrains such as those found in Uttarakhand. Recognizing this, the Government of India and various development organizations have launched several initiatives, including the declaration of 2023 as the "International Year of Millets" by the United Nations, to revive millet production and consumption (FAO, 2022).

While production-focused interventions have shown promise, there remains a significant gap in understanding the dynamics of millet commercialization, particularly how demographic factors influence a farmer’s decision to transition from subsistence millet farming to market-oriented production. Previous studies have highlighted factors such as age, education, access to markets, and landholding size which significantly influence the adoption of improved agricultural practices and market participation (Barrett, 2008; jerop 2018) However, empirical studies focused specifically on millet commercialization in ecologically sensitive and economically constrained regions like rain-fed hill areas are limited.
To enhance the millet production, similar levels of support and investment in research and development as those received by staple crops are essential. Millets are widely recognized for their climate resilience and nutritional value, making them a strategic component of sustainable agriculture (Yadav et al., 2024). However, as Bar (2012) highlighted, while yield-enhancing agricultural technologies are necessary, they alone are not sufficient to drive market participation or increase commercialization. Farming households often face multiple constraints, such as limited asset holdings and inadequate infrastructure, which lead to high transaction costs (Fischer & Qaim, 2012). Therefore, in addition to the technological improvements, research institutions should also focus on promoting market organization and developing commercial platforms to reduce transaction costs and strengthen farmers' bargaining power, ultimately ensuring fair remuneration. In this context, the primary objective of this article is to assess the level of adoption of millet farming for commercial purposes in Uttarakhand and to examine the demographic factors that hinder its wider adoption and scale-up.
Literature Review: 
Millet commercialization in India has gained renewed attention due to its nutritional benefits, climate resilience, and government promotion under initiatives like the National Millet Mission (2018) and the International Year of Millets (2023). However, its market penetration is influenced by demographic factors such as age, education, gender, income, and regional preferences. A number of researches studies have been undertaken which explored millets commercialization in India. 
Kane-Potaka et al., (2021), in a study indicated that younger, urban, and more educated consumers are more likely to adopt millets due to health awareness. Conversely, older farmers in rural areas often resist commercializing millets due to traditional subsistence farming practices (Padulosi et al., 2015).
  Rao 2006 and Bhagavatula et al. 2013 reiterated that women play a crucial role in millet processing and marketing, particularly in South India. However, limited access to credit facilities and land rights restricts female farmers from scaling up millet enterprises (Agarwal, 2018). Further, higher-income households show greater willingness to pay for processed millet products (Alphonso et al., 2024) whereas, smallholder farmers face challenges in accessing formal markets due to intermediaries and lack of infrastructure (Birthal et al., 2014). Regarding regional variations in millets commercialization, NITI Aayog (2022) observed that millet commercialization is stronger in states like Karnataka and Rajasthan due to state-supported value chains whereas eastern India lags behind due to rice-dominated diets.

Muthamilarasan & Prasad (2021) observed that millets are gaining policy attention as crops of the future due to their resilience to climate extremes and their role in food and nutrition security. It will help in revival and resurgence of millet crops and bring them into the mainstream of agriculture. However, Pandey et al. (2023) indicated that despite the policy push, millets’ commercialization remains low due to lack of market linkages, processing infrastructure, and low consumer awareness. Further, Barrett (2008) and Wossen et al. (2017) observed that empirical evidence suggests that farmer characteristics such as age, education, gender, and income level significantly shape agricultural commercialization decisions. Bisht (2021) reported that research focusing on hill regions is sparse, highlighting the need to contextualize commercialization strategies for areas like Uttarakhand. Hence there is ample scope for commercialization of millets in Uttarakhand, a North Himalayan state of India which has conducive climate for cultivation and its commercialization of millets.
2. METHODOLOGY
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 (
Figure-
1
: Map of Uttarakhand
)According to the Census of India 2011, Uttarakhand has a population of approximately 10.1 million, with males numbering 5,137,773 and females 4,948,519 (source: http://www.census2011.co.in). Being an agrarian state, nearly 90 percent of Uttarakhand population relies on agriculture for their livelihood. The state exemplifies regional diversity in terms of geography, cropping systems, lifestyle, and settlements. Uttarakhand is divided into 13 districts, organized into two divisions: Garhwal division, comprising seven districts, and Kumaon division, consisting of six districts. From the Garhwal region, two district (Tehri Garhwal, and Pauri Garhwal), from Kumaon region, two districts (Almora and Pithoragarh) were purposively selected for the study as both the districts are primarily agrarian in nature and having high production of millets, especially finger millet and small millet in comparison of other districts. 
The study sample comprised of a total of 244 millets grower’s households, selected using cluster sampling technique. It also involved a purposive selection with the help of local NGO (Himmothan) that is working to popularize millets cultivation as well as its commercialization in selected pockets of Uttarakhand. Four clusters - two from Garhwal and two from Kumaon divisions - were selected. Basically, these regions have undertaken various initiatives in the area targeting improvement of millet farming for commercialization. Primary data was collected for the study using a pre-tested structured questionnaire; and the selected variables included for the study were grower characteristics as well as farm characteristics of millet growers (Table-1). Also, the correlation and regression analysis were used to study the influence of profile characteristics of the farmers on their adoption score with regard millet farming at commercial level. 		
The correlation as well as regression equations used were as follow:
(Correlation Coefficient) 	r=
Where, Xi= ith value of X Variable, X=mean of X Yi=ith value of Y, Variable Y=mean of Y
Regression analysis generates regression coefficients to measure how strongly each predictor variable predicts the dependent variables. (Tranmer et al.,2008)
 (The regression model) 	Y =𝛽0+𝛽1𝑋1+𝛽2𝑋2+ 𝛽3𝑋3+ 𝛽4𝑋4+ 𝛽5𝑋5+ 𝛽6𝑋6 +ε
Where, for a dependent variable Y= adoption, and predictor variables X1= Age, X2= Educational qualification, X3 = Monthly income, X4 = Cropping intensity, X5= Cultivable land, X6= Farming experience; β, β1, βk=regression coefficients; ε=error
3. RESULTS AND DISCUSSION
3.1 Farmers’ and Farm characteristics: In the context of millet commercialization, both farmers’ as well as farm characteristics play a critical role in influencing adoption, production scale, and market engagement. Researchers have emphasised that farmers’ characteristics such as age, education, gender, income level, and risk perception significantly shape their readiness to transition from subsistence to commercial millet cultivation. Educated and younger farmers are generally more open to adopting improved practices and accessing market information. Similarly, gender roles often determine the division of labour and control over income, particularly in hill regions like Uttarakhand where women are primary cultivators. Farm characteristics, including landholding size, soil type, altitude, irrigation availability, and proximity to markets, directly affect productivity, choice of millet varieties, and capacity for surplus generation. Small and fragmented farms may limit mechanization and economies of scale, thereby affecting commercialization prospects. Understanding these factors is essential for designing targeted interventions, enhancing value chain participation, and promoting millet-based livelihood strategies in marginal and climate-sensitive regions. 
The study findings in this regard are given in table-1 below.
Table 1: Profile characteristics of millet growers
	Farmers characteristics
	Category
	Frequency
	Percentage

	
Age 
	Young
	80
	32.7

	
	Middle age
	101
	41.4

	
	Old age 
	63
	25.8

	Gender
	Male
	104
	42.63

	
	Female 
	140
	57.37

	Educational qualification 
	Illiterate
	3
	01.2

	
	Primary school
	25
	10.2

	
	Middle school 
	69
	28.2

	
	High school
	50
	20.5

	
	Intermediate
	51
	20.9

	
	Graduate
	34
	13.9

	
	Post graduate
	12
	04.9

	
Family type 
	Nuclear
	162
	66.3

	
	Joint
	82
	33.6

	Monthly Income
	Low (<Rs. 21,543)
	97
	39.75

	
	Medium (Rs. 21,543 to 38,179)
	86
	35.21

	
	High (> Rs. 38,179)
	61
	25.00

	Cropping Intensity
	Low (less 123%)
	98
	40.16

	
	Medium (123 to 153%)
	118
	48.36

	
	High (above 153%)
	28
	11.47

	Cultivable land 
	Low (Less than 20 nali)
	157
	64.34

	
	Medium (Between 20-83 nali)
	74
	30.32

	
	High (Above 83 nali)
	13
	05.32

	Millet crop grown
	Finger millet
	139
	56.96

	
	Barnyard Millet
	44
	18.03

	
	Both 
	61
	25.00

	Farming type 
	Organic Farming 
	76
	31.14

	
	Conventional Farming
	168
	68.85

	Farming experience 
	Low (less than13year)
	140
	57.37

	
	Medium (13- 29 year)
	87
	35.65

	
	High (more than 29 year)
	17
	06.96



Given below is the summary of the results (and discussion) presented in the above table-1.  
3.1.2 Farmer’s Characteristics
· Age & Gender: Majority was middle-aged (41.4%), and females constituted 57.37% of the sample, indicating women's key role in millet cultivation in Uttarakhand.
· Education Level: Most farmers had middle (28.2%) or high school education (20.5%), reflecting moderate educational attainment suitable for skill-based training.
· Family Type: About 66.3% lived in nuclear families, suggesting greater autonomy in decision-making but potential labour constraints.
· Monthly Income: A large share of farmers fell into low (39.75%) and medium income (35.21%) groups, pointing to limited investment capacity.
· Farming Experience: 57.37% had low farming experience, highlighting the need for ongoing training, especially in sustainable millet practices.
· Farming Type: 31.14% practiced organic farming, showing emerging interest in value-added and niche millet markets.
3.1.3 Farm Characteristics
· Cropping Intensity: Most of the farmers reported low (40.16%) or medium (48.36%) cropping intensity, limiting year-round output and commercial potential.
· Cultivable Land Size: About one-third of the farmers (64.34%) had small holdings (<20 nali; 1 nali= 0.02 Ha), a constraint on large-scale millet production.
· Millet Crop Grown: Finger millet (56.96%) was dominant, followed by barnyard millet (18.03%), with 25% growing both, indicating crop preference and diversification potential among the farmers included in study sample.
Thus, we can summarize the above results along with implications as follow: 
(a). High female participation indicates the need for gender-inclusive extension services and targeted training. Malhotra et al., 2024 emphasized the need for women-led millet value chains in hill agriculture.
(b). Moderate education suggests potential for digital literacy programs and adoption of improved practices.  Wossen et al. (2017) found education positively affects commercialization decisions among smallholders. 
(c). Nuclear families may allow quicker decisions but require labour-saving technologies or SHG linkages. Barrett (2008) highlighted household structure as influencing market participation.
(d). Lower income groups require subsidized input support and access to inclusive market platforms. Patil et al. (2023) noted market risks discourage low-income farmers from commercial millet production.
(e). Low experience necessitates capacity building in climate-resilient, organic millet farming. Muthamilarasan & Prasad (2021) stressed training for young and new millet growers.
(f). Organic farmers can be linked to high-value niche markets and health-conscious consumers. Singh et al. (2023) reported organic millets from hill regions fetch premium prices in metro cities.
(g). Low and medium cropping intensity points to the need for integrated cropping systems and millet-pulse intercropping. FAO (2018) promotes intercropping and crop rotation to maximize returns in hill farming.
(h). Small landholdings necessitate aggregation models (e.g., FPOs) and shared infrastructure for processing.  Khushwaha et al., 2023 proposed collective action and FPO-led aggregation in hill agriculture.
(i). Preference for finger millet suggests a strong base for varietal improvement and local branding. Rao (2024) recommends promoting location-specific millet varieties to enhance productivity and market value. 

3.2 Relationship between Farmers & farm characteristics and their adoption.
The findings regarding the relationship between the demographic characteristics with the adoption of nutri-cereal farming at commercial level is presented in Table 2. 
Table 2: Correlation between profile characteristics & their adoption
	Variable
	Correlation coefficient

	Age 
	-0.342

	Educational qualification
	0.386

	Monthly income
	0.206

	Cropping intensity 
	0.288

	Cultivable land
	0.316

	Farming Experience 
	-0.172


The correlation analysis given above offers valuable insights into how various farmer and farm characteristics influence the commercial adoption of millets in the hill regions of Uttarakhand.
· The negative correlation with age (-0.342) indicates that younger farmers are more inclined toward millet commercialization. This may be due to their openness to innovation, greater adaptability to new practices, and willingness to engage with emerging markets and technologies. In contrast, older farmers might be more risk-averse and therefore inclined to subsistence-level farming.
· A positive and moderately strong correlation with education (0.386) suggests that better-educated farmers are more likely to adopt millets commercially. This aligns with earlier findings (e.g., Wossen et al., 2017), where education enhanced access to information, credit, and markets, all crucial for commercialization.
· Monthly income (0.206) and cropping intensity (0.288) also show positive correlations, indicating that resource-rich farmers with better cropping efficiency are more commercially oriented. Higher income allows investment in inputs, labour, and post-harvest infrastructure, while intensified cropping reflects a higher level of farm management.
· Cultivable land shows a moderate positive correlation (0.316), highlighting that land availability is a key enabler of commercial millet production. Farmers with larger landholdings can produce surplus and benefit from economies of scale, making commercial cultivation more viable.
· Interestingly, farming experience has a negative correlation (-0.172). This finding might reflect the reluctance of traditionally experienced farmers to shift away from conventional practices or try newer marketing models. It reinforces the importance of targeted awareness and retraining programmes for older and more experienced farmers.
Thus, we can conclude that: (i). Younger, better-educated farmers should be focal points for pilot commercialization initiatives, (ii). Capacity-building and customized extension programs are needed for experienced and older farmers to overcome resistance to market integration, (iii). Access to credit, land consolidation mechanisms, and infrastructure are vital to support low-income and smallholding farmers, and (iv). Strengthening education and awareness among farmers can act as a long-term strategy to boost millet commercialization.
3.3 Influence of farmers and farm characteristics on adoption of millet adoption score: Regression analysis is a powerful statistical tool which is used to understand and quantify the relationship between a dependent variable and one or more independent variables. In the context of analyzing the influence of farmer and farm characteristics on adoption of millet commercialization, its significance lies in several key areas as may be explained by the regression analysis. The study findings in this respect are given in table-3 below.
Table 3: Regression analysis between profile characteristics and their adoption
	Model summary
	Standard error
	Beta coefficient
	t-value
	Significance

	Constant 
	.255
	
	5.621
	.000

	Age 
	.003
	-.176
	-2.729
	.007

	Educational qualification
	.027
	.188
	2.792
	.006

	Cropping intensity 
	.065
	.277
	5.069
	.000

	Monthly income 
	.001
	.088
	1.532
	.127

	Cultivable land
	.002
	.198
	3.431
	.001

	Farming Experience 
	.004
	-.029
	-.493
	.623


 Adjusted R2 =0.286
The regression analysis provides some insightful findings on how farmer and farm characteristics have impact on the adoption related to millet commercialization in Uttarakhand. With an Adjusted R² of 0.286, the model explains that only about 28.6% of the variance in adoption scores, thereby indicating a moderate level of predictive strength. Several variables emerged as significant influencers:
a) Age (β = -0.176, p = 0.007): Age showed a negative and significant relationship with adoption score, suggesting that younger farmers are more likely to adopt millet commercialization practices. This could be due to greater exposure to the new technologies, a higher risk appetite, and stronger alignment with market-driven commercial agriculture. These results are consistent with Barrett (2008) and Wossen et al. (2017), who found similar age-related trends in technology adoption.
b) Educational Qualification (β = 0.188, p = 0.006): Education displayed a positive and significant influence, indicating that farmers with higher educational attainment adopt millet commercialization practices more effectively. Educated farmers are likely to be more responsive to extension messages, better informed about value chains, and more adept at using modern inputs, factors that promote adoption (Carletto et al., 2017).
c) Cropping Intensity (β = 0.277, p = 0.000): This variable has the strongest positive effect in the model, highlighting that farmers with higher cropping intensity are significantly more likely to adopt commercialization strategies. This reflects better land utilization, input management, and planning, often aligned with a market orientation (Muriithi & Matz, 2018).
d) Cultivable Land (β = 0.198, p = 0.001): A positive and significant coefficient for cultivable land implies that landholding size facilitates adoption, possibly due to economies of scale, the ability to produce marketable surplus, and higher investment capacity (Pingali, 1997).
e) Monthly Income (β = 0.088, p = 0.127): Though positively associated, income was not found to be statistically significant at the 0.05 level. This may suggest that while income facilitates adoption, its impact is mediated by other factors like landholding or education.
f) Farming Experience (β = -0.029, p = 0.623): Interestingly, farming experience shows a negative but non-significant effect. This could indicate that more experienced (often older) farmers are less likely to transition to commercial practices due to entrenched traditional approaches or risk aversion (Wubeneh & Sanders, 2006).
Additionally, a visual summary of the regression analysis results showing the influence of key farmer and farm characteristics on millet adoption scores is presented below. Green bars represent statistically significant predictors, while grey bars indicate non-significant ones.
Fig 2: Influence of farmer and farm characteristics on adoption score 
[image: Output image]

On the basis of above results, we can therefore conclude that (i). Extension programs should focus more on younger and educated farmers while also designing capacity-building programs for older, experienced farmers to promote inclusive adoption across different sections of the society; (ii). Policy incentives that promote land consolidation or shared farming models may improve the adoption rate among smallholders; and (iii). Crop intensification support, such as intercropping techniques and better irrigation, could be powerful enablers of millet commercialization.

CONCLUSION
The cultivation of millet presents considerable potential to strengthen food and nutritional security, particularly in the context of climate variability. Nevertheless, despite its advantages and the promotional initiatives undertaken by government bodies and other relevant actors, the level of adoption in the study region remains limited and uneven. The research revealed significant variations in key demographic and household-related factors that are linked to the uptake of millet cultivation at commercial level. Further, finding also revealed that the adoption was influence by the age, educational qualification, cropping intensity and cultivable land in the studied region of Uttarakhand whereas variables like monthly income and farming experience had no influence on adoption decision of farmers.
Millets, known for their resilience and nutritional value, are pivotal in ensuring food security in rainfed hilly regions. Their commercialization is influenced by various demographic factors that affect farmers' decisions and capacities. Therefore, understanding the demographic determinants (farmers and farm characteristics) is crucial for formulating effective strategies to promote millet commercialization in rainfed hilly regions. Policies and programme must be tailored to address the specific needs and characteristics of the farming communities in these areas. To accelerate the pace of millet commercialization in the state of Uttarakhand, policies must transition from generic subsidies to strategic, evidence-based, and inclusive interventions. Strengthening farmer capacity, market ecosystems, and research will be crucial in transforming millets from a subsistence crop to a climate-smart, commercially viable livelihood option.
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