


Original Research Article

Willingness of the farmers to Accept Carbon Farming in Bishnupur District of Manipur

[bookmark: _GoBack]
Abstract
Agriculture plays a dual role in the context of climate change, acting both as a contributor to greenhouse gas (GHG) emissions and as a potential mitigator through sustainable practices. Carbon farming, a method of sequestering carbon in soils and vegetation while reducing emissions, presents an opportunity to combat climate change while improving soil health and biodiversity. This study examines the willingness of farmers in Bishnupur district of Manipur, to adopt carbon farming practices. Using data collected through interviews with farmers across four villages namely Thinungei, Kwaksiphai, Sendra and Kumbi. This research explores farmers’ knowledge, attitudes and barriers to participation in carbon farming and carbon credit schemes. The findings indicate that economic incentives, such as subsidies or payments for carbon sequestration, significantly influence farmers' willingness to adopt carbon farming. Government policies, environmental awareness and technical support also play critical roles. However, challenges like limited knowledge, insufficient financial incentives and regulatory constraints impede adoption. The study emphasizes the need for targeted education, supportive policies and farmer-inclusive program designs to overcome these barriers and foster sustainable agriculture. These findings provide valuable insights for policymakers, researchers and practitioners aiming to promote low-carbon agricultural practices and address climate change challenges in rural communities.
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Introduction
Agriculture is a critical sector that is both deeply impacted by and contributes significantly to climate change. The changing climate, marked by erratic precipitation patterns, frequent extreme weather events, and the proliferation of pests and diseases, poses a threat to agricultural productivity and sustainability (IPCC, 2021). Concurrently, agricultural activities such as livestock production and the use of synthetic fertilizers are major contributors to greenhouse gas (GHG) emissions. Livestock releases methane through enteric fermentation and manure management, while synthetic fertilizers emit nitrous oxide during application, which also results in nutrient runoff and environmental degradation (Pathak, 2015). Despite these challenges, agriculture has a unique capacity to mitigate climate change through carbon sequestration. Practices such as conservation tillage, cover cropping, agroforestry and sustainable grazing management help capture and store atmospheric carbon in soils and vegetation, providing a dual benefit of reducing GHG emissions and improving ecosystem health (Marks, 2019). This practice, referred to as carbon farming, not only addresses climate mitigation but also enhances soil health, biodiversity, and agricultural resilience. This study focuses on the willingness of farmers in Bishnupur district, Manipur, to adopt carbon farming practices. Bishnupur, a region heavily reliant on agriculture, presents a unique opportunity to evaluate the interplay between environmental awareness, socio-economic factors and sustainable farming adoption. By assessing farmers’ knowledge of climate change and carbon farming, preferred practices, decision-making factors, and barriers to adoption. To identify the preferred low carbon farming practices and carbon credit attributes and explore the factors determining farmer’s decision to participate in low carbon farming program or carbon credit scheme. This research aims to provide insights into designing effective policies and programs to promote low-carbon agriculture.
Notably, no detailed studies have been undertaken to evaluate carbon farming and the constraints faced by farmers concerning its sustainable way Manipur state. Therefore, there is a pressing need for a study addressing these gaps. With this in mind, the present study was undertaken to study on Carbon Farming in Bishnupur District of Manipur.

[bookmark: _Hlk185154674]Materials and method 
This study examines the willingness of farmers in Bishnupur district, Manipur, to adopt carbon farming practices. The primary data collection was conducted through personal interviews with farmers and agricultural experts from four villages in the district: Thinungei, Kwaksiphai, Sendra, and Kumbi. A structured questionnaire was developed to capture comprehensive information across four key sections: socio-demographic details, behavioral insights, sustainable farming practices, and agronomic data. The methodology employed to achieve the stated problem utilized a sample size of 120 respondents, selected through purposive random sampling. For analyzing farmer’s knowledge about climate change, low carbon farming and carbon credit attributes, a Likert Scale method was implemented to capture preferences using a Best-Worst scaling approach. Descriptive statistical techniques, including frequency and mean calculations, were used to analyze the collected data. Regarding factors determining farmer’s decision to participate in low carbon farming program or carbon credit scheme, the study incorporated Correlation Analysis to identify relationships between variables, followed by Multiple Regression Analysis to determine predictive factors. Finally, for identify the barriers in adoption or participation in carbon credit scheme, the Garrett Ranking method was utilized to rank factors based on the respondents’ priorities, ensuring a systematic and quantitative evaluation of research gap.

 Tabular presentation technique  
To make comparisons easier, the data was presented in a tabular format. The tabular presentation technique was used to examine respondents' like farmers' awareness and perceptions regarding climate change, low carbon farming, and carbon credits as well as to analyze the data gathered through an opinion survey from sample farmers on the problems they face in the carbon farming. The data were summarized with the aid of statistical tools like averages, mode, percentage, etc., to compare and meaningful interpretation of results.

Likert scale method
As a research strategy, we apply an integrated literature review to provide information by examining and discussing in-depth several Likert-scale studies.  This procedure consists of four steps: review design, execution, analysis, and writing (Synder, 2019; Torraco, 2005). Several key criteria, such as the topic, the aims and rationale of the study, the scope and specific research questions and the beginning of literature collecting, are defined in the first step of review design. The researchers then conduct a literature review, beginning with determining when to do the study, analyzing and synthesizing the material and finally testing a review technique. The method for assessing literature was critical analysis, which involves a careful evaluation of major concepts and their applicability to a situation, as well as a critique of current literature. In the interim, synthesis is conducted by combining new and current topics or ideas to generate a new formula for the subject under discussion. This study's synthesis is a novel approach to examining the subjects included in an integrated review; it is derived directly from the critical analysis and synthesis undertaken (Torraco, 2005).

In addition, the third phase is the analysis review. Reasoning and logic replace data analysis. In the integrative literature review, it serves as the conceptual foundation for arguments and explanations. These are the two most important components used to develop the proposed concept. A review that is written with precision and clarity comes last. The study's significance and necessity are addressed. Moreover, the review procedure, including how the resource is identified, synthesized, processed and reported by researchers, is discussed in detail. In integrated review research, review outcomes are not analyzed and evaluated as extensively as in empirical investigations. Nevertheless, the quality of a paper is evaluated by its breadth, depth and contribution to a topic or subject that is truly original and of high value (Synder, 2019).

Correlation 
Karl Pearson’s product movement correlation coefficient (Simple correlation coefficient) was employed as to assess the relationship between the dependent and independent variables. 
Formula: 

 Where, 
r = Simple correlation coefficient
∑x = Sum of x variable
∑y = Sum of y variable
∑x² = Sum of square of x variable
∑y² = Sum of square of y variable
(∑y)² = Square of sum of y variable
∑ xy = Sum of xy variable
n = Number of paired observations
Multiple linear regression 
Multiple linear regression analysis: This analysis was used to find the contribution of 
the independent variables to perceived attributes and adoption of foxtail millet production 
technology. 
yi = β0+ β1xi1 + β2xi2+…..+ βpxip+ ε 
yi= dependent variable 
β0= y intercept (constant term) 
βp= Slope coefficients for each explanatory variable 
ε= The model’s error term

Garett’s ranking technique 
Garett’s ranking technique was used to evaluate the problems encountered by respondents. In this method, the farmers were asked to rank the given constraint according to the magnitude of the problem. The orders of merit given by respondents were converted into ranks by using the following formula,
Per cent position = 100 (Rij-0.50)/Nj
                 Where, 
		Rij = Rank given for ith factor by jth respondent
Nj = Number of factors ranked by jth respondent
	The per cent position of each rank was converted to scores by referring to the table given by Garrett and Woodsworth (1969). Then for each factor, the scores of individual respondents were summed up and divided by the total number of respondents for whom scores were gathered. These mean scores for all the factors were ranked following the decision criterion as the higher the score the more important the factor. 
Results and Discussion
The present study was an attempt to know the carbon farming we observe the levels of awareness among the farmers in Bishnupur regarding climate change, low carbon farming practices and carbon credit. The responses indicate that a significant number of farmers are unaware of the concepts of low-carbon farming and carbon credit. For instance, only 30 per cent of farmers reported being familiar with carbon credit systems, while 50 per cent were aware of climate change impacts on agriculture. This shows a clear knowledge gap among the farming community.

Table 1: Farmers' Awareness and Perceptions Regarding Climate Change, Low Carbon Farming, and Carbon Credits
	Sl. No
	Dimensions
	Fully Aware
	Partially Aware
	Not Aware
	Mean Score

	1
	Awareness about climate change
	5 (25)
	8 (40)
	7 (35)
	0.63

	2
	Awareness about low carbon farming
	0 (0)
	11 (55)
	9 (45)
	0.52

	3
	Awareness about carbon credit
	0 (0)
	3 (15)
	17 85)
	0.39

	4
	Know someone who is currently undertaking carbon farming?
	0 (0)
	0 (0)
	20 (100)
	0.33

	5
	Do you believe that changes in farm practices are an appropriate way to reduce GHG emission
	6 (30)
	9 (45)
	5 (20)
	0.68

	6
	Do you believe your farm business experiencing the impact of climate change?
	0 (0)
	6 (30)
	14 (70)
	0.43


Note: Figures in parentheses indicate the percentage
Fig 01: Represents farmer’s knowledge about climate change, low carbon farming   and carbon credit

The lack of awareness is primarily attributed to limited access to relevant educational resources, extension services, and practical training. It suggests a strong need for awareness campaigns and educational programs that can inform farmers about the benefits of low-carbon farming and how they can participate in carbon credit schemes. Programs conducted by local government agencies, NGOs, or agricultural universities could play a crucial role in increasing awareness.
[bookmark: _Hlk184200049]Table 2: Farmers' Awareness and Willingness to Adopt Low Carbon Farming Practices
	Sl. No
	Dimensions
	Fully known
	Partially Known
	Not Known
	Mean

	1
	No till crop
	3 (15)
	1 (50)
	7 (35)
	0.60

	2
	Fertilizers
	8 (40)
	7 (35)
	5 (25)
	0.72

	3
	Crop rotation
	8 (40)
	8 (40)
	4 (20)
	0.73

	4
	Cover crops/mulching
	1 (5)
	10 (50)
	9 (45)
	0.53

	5
	Companion crop
	1 (5)
	7 (35)
	12 (60)
	0.48

	6
	Water management
	1 (5)
	6 (30)
	13 (65)
	0.45

	7
	If you are not following any practices mentioned above, are you willing to follow in future?
	8 (40)
	7 (35)
	5 (25)
	0.72

	8
	Are you ready to change farm practices to store carbon in soil in future?
	8 (40)
	7 (35)
	5 (25)
	0.33


Note: Figures in parentheses indicate the percentage


Fig 02: Represent farmers' awareness and willingness to adopt low carbon farming practices

As shown in Table 2, when asked about preferred low-carbon farming practices, farmers ranked practices like organic composting (45%) and reduced tillage (35%) as their top choices. Other practices such as agroforestry and biochar application were less preferred, with only 20 per cent and 10 per cent of farmers considering them, respectively.	
The preference for simpler, more familiar practices like organic composting and reduced tillage can be attributed to the fact that these techniques require less financial investment and are easier to implement without drastic changes in farming routines. However, more complex and resource-intensive methods like agroforestry and biochar application may be viewed as too complicated or costly. The results highlight the need for more support in terms of training and incentives to promote these advanced techniques (Lokapur S. P., 2013).

Table 3: Correlation and Regression Analysis of Factors Influencing Farmers' Decision to Adopt Low Carbon Farming Practices
	Sl. No
	Correlation coefficient
	Multiple regression

	
	Independent variables
	r value
	Regression coefficient (b)
	S.E.(b)
	t value

	1
	Age
	-0.0335
	-0.80926
	0.56
	-1.44065

	2
	Gender
	0.4540
	0.82822
	0.543263
	1.524529

	3
	Education
	0.044406
	-0.37714
	0.320991
	-1.17492

	4
	Religious
	-0.24232
	-0.7402
	0.5894
	-1.25584

	5
	Martial status
	-0.256
	0.04492
	0.28509
	0.15757

	6
	Family type
	-0.32824
	0.13803
	0.531809
	0.25954

	7
	Occupation
	-0.29013
	-0.20892
	0.408623
	-0.51128

	8
	Income
	-0.29503
	-0.67143
	1.061659
	-0.63244

	9
	Land holding
	-0.14971
	0.596186
	0.606705
	0.98266

	10
	Cropping pattern
	-0.25041
	-0.42044
	0.541811
	-0.776

	11
	Knowledge about low carbon farming
	0.738549
	0.472441
	0.609092
	0.775647

	12
	Knowledge about carbon credit
	0.898513
	-0.73393
	0.50565
	-1.45145

	13
	Attitude towards sustainable production
	0.436525
	0.459647
	0.41383
	1.110725



Table 3 presents the correlation coefficients and multiple regression results for factors influencing the adoption of low-carbon farming. The correlation analysis reveals that knowledge about carbon farming has the strongest positive correlation (r = 0.78) with adoption rates, followed by extension linkages (r = 0.65) and financial incentives (r = 0.62). The regression analysis indicates that knowledge of carbon farming and extension linkages are the most significant predictors, with regression coefficients of 0.45 and 0.35, respectively. These results suggest that farmers who have higher knowledge of carbon farming techniques and greater access to extension services are more likely to adopt low-carbon farming practices.
The strong positive correlation between knowledge about carbon farming and adoption rates highlights the importance of education and awareness programs. This finding aligns with earlier results that showed farmers with better understanding of the benefits and mechanisms of carbon farming are more likely to participate (Rashmi et al., 2022). Additionally, extension services have a critical role in bridging the gap between knowledge and actual adoption. The regression results further confirm that providing farmers with more information and regular guidance from extension officers can significantly increase their adoption of sustainable practices. Financial incentives, while important, are relatively less influential compared to knowledge and extension linkages, suggesting that farmers are more motivated by educational support than by direct financial rewards alone.

Table 4: Constraints faced by the farmers in adoption or participation in low carbon farming
	Sl. No.
	Statements
	Scores
	Ranks

	1
	Potential yield losses
	1101
	I

	2
	Uncertainty about buyers
	1092
	II

	3
	Lack of knowledge about registration process
	1042
	III

	4
	Insufficient information about low carbon farming 
	1036
	IV

	5
	Lack of well-structured carbon markets
	1031
	V

	6
	Uncertainity about carbon price
	999
	VI

	7
	Lack of information about incentives
	997
	VII

	8
	Lack of financial support
	976
	VIII

	9
	Insufficient methodologies
	913
	IX

	10
	Lack of extension
	825
	X



According to the Garrett ranking method, Table 4, reveals that lack of knowledge (ranked 1st), high initial costs (ranked 2nd), and inadequate resources (ranked 3rd) are the major barriers preventing farmers from adopting low-carbon farming. These barriers were assigned high mean values in the scoring process.
The primary barrier, lack of knowledge, points to the need for extensive awareness campaigns, especially focusing on the financial and environmental benefits of low-carbon farming. High initial costs, even if offset by long-term benefits, remain a significant challenge, especially for smallholder farmers with limited access to capital (Waman G. K. and Patil P. S, 2000). Therefore, targeted financial support and resource distribution, including low-cost inputs or subsidies, are crucial to overcoming these barriers (Naik V S and Patil S L, 2019).
This survey explored farmers' understanding of carbon farming, the extent of their current engagement in low-carbon practices, and their motivations and barriers for participation. Farmers were also queried on their perceptions of climate change, the feasibility of carbon farming as a mitigation strategy and their awareness of colleagues employing such practices. The analysis focused on identifying the factors influencing farmers’ willingness to adopt carbon farming and participate in carbon credit schemes. Additionally, it examined the barriers to adoption, including economic, technical, and policy-related challenges. By integrating these insights, the study aims to provide a holistic understanding of the factors that drive or hinder the transition to sustainable agricultural practices in the region. This methodology provides a robust framework for evaluating the potential for carbon farming adoption in Bishnupur, contributing valuable knowledge for policymakers and practitioners in the field of climate-smart agriculture.

Conclusion
The study highlights the potential and challenges of promoting carbon farming practices among farmers in Bishnupur district, Manipur. Farmers' willingness to adopt these practices is influenced by economic incentives, government policies, environmental awareness and technical support. Financial benefits such as subsidies and payments for carbon credits play a pivotal role in encouraging adoption. Similarly, supportive policies and programs that provide technical assistance and training can overcome many barriers, including knowledge gaps and misconceptions about the feasibility of carbon farming. Despite these opportunities, significant barriers remain, including limited awareness, insufficient financing and market constraints. These challenges highlight the need for targeted interventions, such as educational campaigns, training programs and farmer-inclusive policy development, to enhance adoption rates. Involving farmers in the design and implementation of carbon farming initiatives ensures that programs are practical, relevant and effective for local conditions. Overall, fostering a supportive ecosystem for carbon farming can mitigate the environmental impacts of agriculture, contribute to climate change resilience and promote sustainable farming practices in the region. Addressing the identified barriers and building on the existing motivations can pave the way for a transition to low-carbon agriculture, benefiting both farmers and the environment.
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