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Abstract
In the context of environmental preservation, rural development and global food security, agricultural sustainability has become a crucial issue of concern. Sustainability at the farm level is affected not only by economic and ecological factors but also by the personal, socio-demographic, communication and psychological characteristics of farmers. To improve sustainability, farmer-centric and region-specific solutions must be designed with an understanding of these relationships. The study attempted to find the relationship between selected characteristics of farmers of Uttarakhand and their extent of farm-level agricultural sustainability. The study was conducted in Uttarakhand state. The Department of Horticulture has classified the state into four agro-climatic zones on the basis of elevation, having different agricultural patterns, soil type, height and rainfall. A total, eight villages were selected for the study, and 270 respondents were surveyed. A descriptive research design was used to carry out the investigation. All respondents were interviewed personally by the researcher. The coefficient of correlation was calculated to determine the relationship and to find the significance between two variables t-test was used, and with the help of the p-value, the significance was checked. The relationship was determined between farm level agricultural sustainability (dependent variable) and 11 independent variables. Farmers' readiness and capacity to embrace farm-level agricultural sustainability was found to be influenced by variables such as size of land holding, family size, extension contact, scientific orientation and economic motivation. The creation of tailored methods to facilitate the shift towards more resilient and sustainable agricultural systems in Uttarakhand's varied biological terrain can be guided by a deep understanding of farmers' characteristics.
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Introduction
The soil is a living environment that serves as the foundation for crop production, and the quality of this ecosystem has a direct impact on plant growth, crop yield, and environmental sustainability (Pandao et al., 2024; Lehmann et al., 2020). In Uttarakhand, there is a varied agricultural landscape due to its diverse topography, ranging from fertile plains to steep regions, and these features might have different effects on sustainable outcomes. Promoting sustainable agriculture requires an understanding of the relationship between farmers' personal, socio-demographic, communication and psychological traits and their farm-level agricultural sustainability index value. Sustainable agriculture is the use of biological sources to produce food and fibre, among other products, while considering the environmental impacts (Shelef et al., 2018). The farm level agricultural sustainability was described as the management of a farm in a way that preserves the environment, promotes the welfare of the farmer and the community and keeps the farm profitable and productive for a long time. Finding the relationship aids in figuring out what influences or prevents the sustainability of the farming system. Policymakers must have this knowledge in order to create focused interventions such as financial assistance plans, educational initiatives and awareness campaigns that are suited to particular farmer groups. Several studies had been conducted, like Vanslembrouck et al. (2002), in which study indicated that the farmer demographic characteristics, such as age and education level, significantly influenced the willingness to participate in agri-environmental measures, which were crucial for agricultural sustainability. Younger and better-educated farmers tend to have more positive environmental attitudes, enhancing their acceptance of such policies. Tavernier and Tolomeo (2004) carried out research and reported that the relationship between farm size, particularly small farms, and sustainable agriculture finds a positive and statistically significant relationship and demographic characteristics such as education and age don’t have a significant relationship with the sustainable agriculture index. Similarly, Noorivandi (2009) in the study reported that there was a significant relationship between socio-economic characteristics such as income, land size, level of mechanisation, social participation, social status, crop yield, rate of loan and sustainable soil management (SSM) Index. Sustainable soil management is essential to prevent agricultural soil degradation and maintain food production and core soil-based ecosystem services (Jaworski et al., 2024; Hou et al., 2020). Also, there was a significant relationship between personal characteristics such as level of education, technical knowledge, perception of farmers and the sustainable soil management (SSM) index. Papizadeh and Bosshaq (2014) reported that demographic characteristics such as education level, average land size, and farming experience significantly influenced the agricultural sustainability index. The study highlighted the importance of socio-economic and technical factors in achieving sustainable agricultural practices, emphasising that enhancing education and optimising land use can lead to improved sustainability outcomes for farmers. Tey et al. (2017) in the study highlighted that farmer demographic characteristics like gender, educational attainment are highly significant with sustainable practices. Additionally, farm size and land tenure security were significant, as larger farms and secure land rights facilitate sustainable practices. Also, Ren et al. (2022) in the study highlighted that farmer demographic characteristics, particularly age and education, significantly influence the agriculture sustainability index. Rural population ageing negatively impacted the agricultural sustainability by reducing farm size, agricultural inputs and labour productivity. Younger farmers, who typically have higher education levels, are more likely to adopt new farming models that enhance agricultural management. This transition can improve agricultural sustainability, as it leads to increased farm size, income, and reduced fertiliser loss.
Materials and Methods
The study was conducted in Uttarakhand state, which has a variety of agroclimatic conditions that range from high-altitude mountain regions to low-lying plains. The Department of Horticulture has classified the state into four agro-climatic zones on the basis of elevation, having different agricultural patterns, soil type, height and rainfall. From each zone, one representative district was chosen to represent the zone, and from each district, one block was selected on the basis of random selection and from each block, two villages were selected on the basis of random selection. From Zone A, Charubeta and Naugwanath villages from Khatima block of Udham Singh Nagar district were selected. In Zone B, Bajrikot and Dandabisht villages of Champawat block in Champawat district were selected. From Zone C, Pali and Dungri villages of Kanalichhina block of Pithoragarh district were selected, and from Zone D, Thalee and Arakot villages of Mori block in Uttarakashi were selected. A total, eight villages were selected for the study, and 270 respondents were surveyed. A descriptive research design was used to carry out the investigation. All respondents were interviewed personally by the researcher.

Major findings
To find the relationship between selected personal, socio-demographic, communication and psychological characteristics of the farmer and the farm level agricultural sustainability. The coefficient of correlation was calculated to determine the relationship and to find the significance between two variables t-test was used, and with the help of the p-value, the significance was checked. The relationship was determined between farm level agricultural sustainability (dependent variable) and 11 independent variables, viz: age, education, family size, size of land holding, family size, farming experience, extension contact, information seeking behaviour, innovativeness, scientific orientation, economic motivation and risk preference.
Hypothesis: Selected Personal, Socio-demographic, Communication and Psychological characteristics have no relationship with the Farm Level of Agricultural Sustainability.
Table 1: Relationship with the selected personal, socio-demographic, communication and psychological characteristics of farmers and with the Farm Level of Agricultural Sustainability

	Variable
	Correlation Coefficient
	Std Err.
	t value
	p value

	Age
	-0.1724
	0.0017116
	0.54
	0.591

	Size of land holding*
	-0.4190
	0.0044582
	4.23
	0.000

	Education
	-0.0715
	0.0077617
	1.31
	0.192

	Family size*
	0.3049
	0.003201
	3.32
	0.001

	Farming experience
	-0.1016
	0.0021877
	1.79
	0.074

	Information seeking behaviour
	0.1602
	0.0049509
	0.04
	0.966

	Extension contact*
	0.2583
	0.0071437
	2.17
	0.031

	Innovativeness
	0.0796
	0.0030675
	0.48
	0.634

	Scientific orientation*
	0.2527
	0.0031273
	2.54
	0.012

	Economic motivation*
	0.3579
	0.0041511
	2.74
	0.007

	Risk preference
	0.1588
	0.0035557
	0.14
	0.682


* Significant at 0.05 level, ttab = >1.98, Significant at 0.05 level, p value = <0.05
Table 2: Summary of Inferences
	Hypothesis
	Statement
	Conclusion

	HA0
	Age of the farmer is not related to the farm level agricultural sustainability.
	Accepted

	HB0
	The size of land holding is not related to the farm agricultural level sustainability.
	Rejected

	HC0
	Education of the farmer is not related to the farm level agricultural sustainability.
	Accepted

	HD0
	Family size is not related to the farm level agricultural sustainability.
	Rejected

	HE0
	The farming experience of the farmer is not related to the farm level agricultural sustainability.
	Accepted

	HF0
	Information seeking behaviour of the farmer is not related to the farm level agricultural sustainability
	Accepted

	HG0
	Extension contact of the farmer is not related to the farm level agricultural sustainability
	Rejected

	HH0 
	Innovativeness of the farmer is not related to the farm level agricultural sustainability.  
	Accepted

	HI0
	Scientific orientation of the farmer is not related to the farm level agricultural sustainability.
	Rejected

	HJ0
	Economic motivation of the farmer is not related to. the farm level agricultural sustainability
	Rejected

	HK0
	Risk preference of the farmer is not related to the farm level agricultural sustainability.
	Accepted



Age and Farm-Level Agricultural Sustainability 
The value of the coefficient of correlation is -0.1724 and tcal (0.54), which is less than ttab value, and the p value (0.591) is more at 5% level of significance as shown in Table 1. Hence, null hypothesis H0A was accepted. This indicates that there is a non-significant negative relationship between the age of farmers and the agricultural sustainability. This negative correlation value shows that older farmers are resistant to their traditional farming practices, and with an increase in age, their willingness to experiment with sustainability initiatives also reduces, while younger farmers might be more open to innovation, technology and sustainable techniques. 
Size of land holding and Farm-level Agricultural Sustainability
The value of the coefficient of correlation is -0.4190, and tcal (4.23) is more than ttab value, and p value (0.000) is less than 5% level of significance, as shown in Table 1. Hence, null hypothesis H0B was rejected. This indicates that there is a significant negative relationship between the size of land holding and farm-level agricultural sustainability. The reason could be that farmers with larger land holding sizes focus on commercial farming and less on sustainability measures, as larger farms require more labour and resources to implement sustainable techniques. Intensive use of chemicals by farmers could reduce sustainability scores compared to small farms using organic or mixed practices to maximise limited resources that inadvertently promote sustainability. 
Education and Farm-Level Agricultural Sustainability 
The value of the coefficient of correlation is -0.0715, and tcal (1.31) is less than ttab value, and p value (0.192) is more at 5% level of significance as shown in Table 1. Hence, null hypothesis H0C  was accepted. This indicates that there is a non-significant negative relationship between education and farm-level agricultural sustainability. The negative relationship could indicate that the more formal education achieved by the farmers might lead them to pursue off-farm employment or prioritise commercial agriculture, and conversely, those with limited formal education rely more on indigenous knowledge, traditional methods, which supports sustainability.
Family Size and Farm-Level Agricultural Sustainability
The value of the coefficient of correlation is 0.3049, and tcal (3.32) is more than ttab value, and p value (0.001) is less than 5% level of significance, as shown in Table 1. Hence, the null hypothesis H0D was rejected. This indicates that there is a significant positive relationship between family size and farm-level agricultural sustainability. It could be justified by saying that larger families often rely on family labour for farming, reducing the need for expensive external labour. This labour can be utilised for manual, sustainable practices like crop rotation, organic farming, and integrated pest management. Families with more members can engage in livelihood diversification (e.g., livestock, off-farm employment), improving resilience and sustainability. 
Farming Experience and Farm-Level Agricultural Sustainability
The value of the coefficient of correlation is -0.1016, and tcal (1.79) is less than ttab value, and p value (0.074) is more at 5% level of significance, as shown in Table 1. Hence, the null hypothesis H0E was accepted. This indicates that there is a non-significant negative relationship between farming experience and farm-level agricultural sustainability. The negative relationship suggests that older farmers with more experience may overexploit resources and prioritise short-term profits over long-term sustainability. Young, less experienced farmers might actively seek information on precision farming and sustainable practices, while older farmers rely on their existing knowledge. 
Information seeking behaviour and farm-level Agricultural Sustainability
The value of the coefficient of correlation is 0.1602, and tcal (0.04) is less than ttab value, and p value (0.966) is more than 5% level of significance, as shown in Table 1. Hence, null hypothesis H0F was accepted. This indicates that there is a non-significant positive relationship between information seeking behaviour and farm-level agricultural sustainability. The reason might be that the type of information being accessed by the farmers might not be related to sustainability, and factors like poor access to sustainable inputs, credit, and market orientation limit their tendency to perform on their farms. 
Extension Contact and Farm Level Agricultural Sustainability
The value of the coefficient of correlation is 0.2583, and tcal (2.17) is more than ttab value, and p value (0.031) is less than 5% level of significance, as shown in Table 1. Hence, the null hypothesis H0G was rejected. This indicates that there is a significant positive relationship between the extension contact and farm-level agricultural sustainability. There are several reasons for the strong positive correlation between extension contact and overall farm-level agricultural sustainability. Regular extension interactions help farmers learn more about sustainable farming methods, such as integrated pest management, organic farming and water conservation. By linking farmers with government programs, financing facilities and improved market access, extension contact promotes economic stability in addition to environmental benefits. Long-term sustainability is ensured by this financial assistance, which also encourages livelihood diversification and lowers economic vulnerability. 
Innovativeness and Farm-Level Agricultural Sustainability
The value of the coefficient of correlation is 0.0796, and tcal (0.48) is less than ttab value, and p value (0.634) is more than 5% level of significance, as shown in Table 1. Hence, the null hypothesis H0H was accepted. This indicates that there is a non-significant positive relationship between innovativeness and farm-level agricultural sustainability. The small size and fragmented land holding limit access to technology, and inadequate infrastructure restricts the application of innovative practices.
Scientific orientation and Farm level Agricultural Sustainability
The value of the coefficient of correlation is 0.2527, and tcal (2.54) is more than ttab value, and p value (0.012) is less than 5% level of significance, as shown in Table 1. Hence, null hypothesis H0I was rejected. At present, with the help of several government initiatives, the farmers are provided with several information related to farming, and the farmers who demonstrate a stronger scientific orientation seek evidence-based knowledge, adopt improved methods and are more likely to implement sustainable farming practices. Such farmers may be more receptive to soil testing, balanced nutrient management, water-use efficiency technologies, and eco-friendly pest control. Given the agro-ecological vulnerabilities in the region, particularly in hilly areas prone to soil erosion and climate variability, scientifically informed decisions can significantly enhance resilience and resource conservation. These findings underscore the importance of promoting a scientific temper among farmers through targeted extension efforts, training programs, and access to credible information sources.
Economic motivation and Farm level Agricultural Sustainability
The value of the coefficient of correlation is 0.3579, and tcal (2.74) is more than ttab value, and p value (0.007) is less than 5% level of significance, as shown in Table 1. Hence, null hypothesis H0J was rejected. This indicates that there is a significant positive relationship between economic motivation and farm-level agricultural sustainability. The economically motivated farmers focus more on improving income stability, reducing input costs, and seeking market opportunities. This trait helps in better farm planning, optimal use of inputs, and diversifying income sources in allied sectors. By encouraging efficiency, planning, and market-oriented diversification, economic motivation also contributes to sustainability.

Risk preference and farm-level Agricultural Sustainability
The value of the coefficient of correlation is 0.1588, and tcal (0.14) is less than ttab value, and p value (0.648) is more than 5% level of significance, as shown in Table 1. Hence, the null hypothesis H0K was accepted. This indicates that there is a non-significant positive relationship between risk preference and farm-level agricultural sustainability. This suggests the cautious nature of the farmers who face high uncertainty due to challenging terrain, variable weather and limited access to resources. 
Conclusion
The relationship between the farm-level agricultural sustainability and a variety of personal, socio-demographic, communication and psychological traits is complicated and multidimensional. While certain variables have a statistically significant impact on sustainability. Farm-level sustainability was significantly correlated with landholding size, family size, extension contact, scientific orientation and economic motivation. The results highlighted the need for focused policy changes and capacity-building initiatives that improve extension communication, encourage scientific rigour, and provide financial incentives for sustainability, particularly for small and medium-sized farms. The creation of tailored methods to facilitate the shift towards more resilient and sustainable agricultural systems in Uttarakhand's varied biological terrain can be guided by a deep understanding of farmers' characteristics.
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