Farmers’ preference of conservation agricultural practices in Kendujhar, Odisha using the analytical hierarchy process.
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ABSTRACT
The tribal villages within the district of Kendujhar, in the state of Odisha, India, suffer from marginal land conditions that are having an increasing impact on agricultural productivity. The majority of the population in this area consists of smallholder, subsistence farmers who produce crops (mainly mustard and maize) on an average-sized plot of two hectares. Research results presented here have been focused on the impact of practicing conservation agricultural production systems (CAPS); specifically, minimum tillage and intercropping to increase the food security and livelihood in this area. Results from structured socio-economic surveys provided the comparative economic analyses of different CAPS necessary prior to implementation to determine the impact of three integrative CAPS (maize/minimum tillage, maize/cowpea intercrop/plow, and maize/cowpea intercrop/minimum tillage) and one control (no CAPS) treatment program. Using the Analytical Hierarchy Process (AHP) to quantify farmers’ preferences, prioritization of the three CAPS systems and the control was completed utilizing a pre-determined set of criteria (objectives) to analyze and quantify farmer tradeoffs. These pre-determined objectives included profit, labor saving, yield, and soil environmental benefits. Synthesis of the results revealed that with respect to the goal of improved income, farmers’ preferences of the four objectives/criteria were, in order of the highest to the lowest: yield, profit, soil environmental benefits, and labor saving. With respect to the goal of improved income as it relates to the four CAPS programs, farmers’ preferences ranked the highest the maize/cowpea intercrop with plowing treatment. This study delineates potential implications and provides insight for natural resource managers regarding the short- and long-term tradeoffs these smallholder farmers are willing to make with the selected CAPS. It is also intended as a positive catalyst for environmental awareness, agricultural technology transfer, and extension research in developing countries.

Highlights
· With respect to the goal of improved income, farmers’ preferences of the four objectives/criteria were, in order of the highest to the lowest: yield, profit, soil environmental benefits, and labor saving.

· With respect to the goal of improved income as it relates to the four CAPS programs, farmers’ preferences ranked the highest for the maize/cowpea intercrop with plowing treatment.

· According to the farmers, the definition of profits relates directly to yield: greater yields lead to greater income.

· Farmer families are focused on plot efficiency-- producing the highest yield on the limited land that they have.

· In terms of labor, since typical plot sizes are relatively small, the majority of the plots can be managed and accounted for by two adults; as such, the trade-off of higher yields and income is more important to them.

I. INTRODUCTION
There has been no period of time in history where the need for sustainable agricultural production has been more important ( especially in developing countries. During the Green Revolution period, the solution to the increasing issue of poverty and hunger stemming from the difficulty of production and growth of food was to breed improved varieties for higher yield. However, due to increased environmental and developmental pressures faced by these developing countries over time, simply increasing the yield and disregarding soil degradation and water pollution caused by the complementary technologies of using chemical fertilizers to enhance the low yield could not solve agricultural problems. The tribal villages within the district of Kendujhar are suffering from low productivity and the agricultural problems previously mentioned. On the other hand, their problems cannot be solved using Green Revolution technologies, but instead through an innovative solution, called conservation agricultural production systems (CAPS). 

In this era of increasing agricultural conflict, CAPS represent a new paradigm when facing these challenges. CAPS are innovative approaches within the agricultural sector developed to increase agricultural productivity while preserving the existing environment. The district of Kendujhar has been identified as one of the poorest tribal districts in the state of Odisha, India. The village of Tentuli was selected by the in-country project partner, Odisha University of Agricultural Technology (OUAT), based on its existing relationship with OUAT and exhibiting suitable village characteristics suited for on-farm trials of selected conservation agriculture practices.  Tentuli represents a population of smallholder subsistence farmers who grow on land suffering from poor soil fertility, poor moisture retention, limited irrigation, susceptibility to erosion, and other external pressures of development and environmental conflicts of climate change (SMARTS 2009). As such, research has been focused on introducing and implementing specific CAPS of minimum tillage and optimal crop rotation. This was done with the intent to enhance the food security and livelihood of these tribal, smallholder subsistence farmers (SMARTS 2009). Since CAPS is a relatively new solution for these tribal societies relying on traditional and customary agricultural practices, understanding the perspectives, comprehension, and preferences of farmers to these systems is a primary objective for successful implementation and adoption.
Existing studies that investigate the adoption of new agricultural technology in developing countries have often failed to consider how farmers’ subjective perceptions and subsequent preference of technology affect their adoption decisions (Adesina and Baidu-Forson 1995). Economists studying consumer demand have already outlined considerable evidence that consumers use subjective preferences for characteristics of desired products, and that these preferences are normally formulated by their perceptions of the product’s attributes (Saaty 2008). Limited studies in India have focused on analyzing the influence of a farmer’s preference to agricultural technology characteristics as it relates to its adoption. 

It is now recognized that increased food production alone (Green Revolution strategies) will not overcome the conflicts that these tribal farmers face. Instead, there are specific farmer criteria and preferences that ultimately influence farmers’ decisions (Alphonce 1997). As such, it is important to recognize that when faced with multiple technological program options (CAPS) with the ultimate goal of improved income and conservation of natural resources, these tribal farmers face a complex decision. Thus, the objective of this study is to determine farmers’ preference of selected CAPS.  This study focuses on the village of Tentuli, within the district of Kendujhar, and uses the analytical hierarchy process (AHP) to better understand the perceptions of agricultural technology characteristics and farmers’ preference of selected CAPS.

II. METHODS
The methods to accomplish the objectives of this study are outlined in three parts: A, B and C.
Part A. Development of selected CAPS vs. Control and Evaluation

1.1 Selection of CAPS technological program and criteria

1.2 Comparative analyses of technologies outcomes (CAPS vs. Control), Figure 1

In a recent unpublished study completed within the village of Tentuli (2010/2011), numerous types of data were compiled, including household agronomic and socio-economic survey results, multiple village visits for validation, and initial groundtruthing. This data was used to determine three maize-based CAPS with varying no-till and minimum till practices and intercropping with cowpea practices potentially to be implemented in the village. The specificity of the different conservation practice components included:

· Minimum tillage (MT): Land was tilled once prior to sowing vs. conventional tillage (CT) where land is tilled twice to maintain soil moisture and reduce soil disturbance.

· Intercropping (IC): Cowpea, Vigna unguiculata, was planted in-between rows of maize, Zea mays, to maintain soil fertility and provide for nutritional self-sufficiency (SMARTS 2009).

Using the newly collected farm household data, previously assimilated information, and relevant literature, four criteria (profit, yield, labor saving, and soil environmental benefit) were recognized as influential in farmers’ income goals. These criteria were selected based on analysis of literature regarding criteria of farmers for agricultural success and selected practices (Braunschweig 2001; Nyende and Delve 2004; Sumpsi et al. 1997; Waddington and Karingi 2001) and in discussions with a farmers’ group. 

An economic and comparative analysis of the control (maize/plow) and the three selected CAPS (maize/minimum tillage, maize/cowpea intercrop/plow, and maize/cowpea intercrop/minimum tillage) program scenarios were conducted using the four criteria of profit, yield, labor saving, and soil environmental benefits. The yield data was derived from the experimental plots output. The profit data was derived from the difference between the market price and cost of production per unit derived from the farm household survey data. The labor savings per program scenario is derived by the percent of the change in labor days per treatment from the experimental plots data, the more labor saving the better (Figure 1). The environmental soil benefit for each scenario is based on literature review. This comparison delineated by the criteria was done to enable the evaluation of the tradeoffs that farmers make when choosing these selected technologies. Figure 1 represents the simplified representation of the results of the comparative analysis in picture format.  This was done in picture format for the farmers when conducting the CAPS preference exercise as they have very low to no levels of literacy and education as found in the farm household data. 
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Figure 1: Comparative analysis of the four selected criteria and scenarios, CAPS vs. Control; Determined based on 2010 KVK research experimental farm plot results.
Results of Figure 1 use qualitative ranking of the relative profit, labor saving, yield and potential soil environmental benefit of the CAPS scenarios. The more symbols in each cell of Figure 1 depict the better the situation for the specific criterion. The maize/cowpea intercrop with plowing treatment (CAPS 2) has the highest profit because the combined yields of maize and cowpea are the highest among the four program scenarios. For labor saving, the maize with minimum tillage treatment (CAPS 1) uses the least labor. For yield, the control or no CAPS has the highest maize yield and the maize/cowpea intercrop with plowing treatment (CAPS 2) has the highest combined maize and cowpea yields. For soil environmental impact, the maize/cowpea intercrop with minimum tillage treatment (CAPS 3) has the best potential based on literature review.

Part B. The Analytical Hierarchy Process (AHP), Farmers Preference

2.1 Construct the analytical hierarchy

The Analytical Hierarchy Process, developed by Thomas Saaty (1980), was used to explore farmers’ preferences of the various CAPS and the criteria/objectives the farmers used to make decisions. AHP breaks down decision making into an easy to understand hierarchy of elements that reflect an optimal goal, objectives and various choice options (Braunschweig 2000; Dyer and Forman 1992). AHP is preferred over other methodologies as it provides a structured technique for organizing and analyzing farmers’ complex decisions, specifically, farmers’ preference of farming practices and technologies. To gather the data and conduct AHP analysis, it first involves designing the hierarchy of decision-making. Designing the AHP includes three major steps (Braunschweig 2000):

1. Assemble the levels of the hierarchy from the top by:

a. Determining the goal of the preferred decision (Level 1: improved income)

b. Determining the objectives/criteria on which the following program decisions depend (Level 2: profit, labor saving, yield, and soil environmental benefit), and

c. Laying out the given choice programs at the lowest level (Level 3: Control, CAPS 1, CAPS 2, CAPS 3) (See Figure 2).
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Figure 2: Farmers’ preference of CAPS as it relates to the three levels of AHP. Bulleted points represent sources of information or references for organizing and determining the different levels of the hierarchy. 

2.2 Develop pairwise comparison matrices, as necessary, ensuring that each element of the higher level of the hierarchy is compared with every possible pairs of the elements that are below it (i.e., goals vs. paired objectives/criteria and objectives/criteria vs. paired choices/alternatives). (Braunschweig 2000; Saaty 1980)

The structure of the typical decision problem considered in this study consists of M alternative programs and N decision criteria. Each alternative program can be pairwise evaluated in terms of each decision criterion and the relative importance (or weight) of each criterion. Let aij (i=1,2,3,...,M, and N=1,2,3,...,N) denote the performance value of the i-th alternative program (i.e., Ai) in terms of the j-th criterion (i.e., Cj). Also denote as Wj as the weight of the criterion Cj, and then the following decision matrix can represent the core of the typical decision matrix problem:
	Table 1: Decision matrix based on criterion and alternative programs (Braunschweig 2000).
Criterion

	
	C1
	C2
	C3
	…
	CN

	Alternative Program
	W1
	W2
	W3
	…
	WN

	A1
	a11
	a12
	a13
	…
	a1N

	A2
	a21
	a22
	a23
	…
	a2N

	A3
	a31
	a32
	a33
	…
	a3N

	:
	:
	:
	:
	…
	:

	AM
	aM1
	aM2
	aM3
	…
	aMN


Given the above decision matrix (Table 1), the decision problem considered in this study is how to determine what the best alternative program is.
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Figure 3: Pairwise comparisons (Objectives, and Programs) within the farmers’ preference analytical hierarchy as they relate to the Goal of “Improved Income”.
2.3 Synthesize the local priorities (preferences of each level) throughout the hierarchy in order to compute the overall priorities of the alternatives. (Braunschweig 2000; Saaty 1980)
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The equations as determined by Thomas Braunschweig (2000) to determine the global priority of the project with respect to the goal are found above.

The consistency index (C.I.), as a deviation or degree of consistency, is computed for the farmer participants and it may be determined by the following formula:


C.I. = (λmax – n)/ (n – 1)

Using the Random Consistency Index (R.I.), developed by Saaty, the appropriate Consistency ratio (C.R.) may be determined:


C.R. = C.I./R.I.

A C.R. value of 0.1 is acceptable, but larger values represent inconsistent results and the decision maker must reduce this by re-evaluating preferences.

Part C. Determination of farmers’ preference using AHP

3.1 Conduct farmers’ preference AHP survey

3.2 Analyze AHP survey results 

For Part B, an interactive workshop titled, “Sustainable Management of Agroecological Resources of Tribal Societies” was conducted in March of 2011. The workshop consisted of two parts: (1) introducing the selected CAPS technologies using the results from Part A; and (2) conducting the farmers’ preference survey. 

Ten male and eight female farmers from the village of Tentuli participated in the survey. Participants were selected based on voluntary cooperation after a village announcement, coordinated by the Odisha University of Agricultural Technology (OUAT), and subsequent internal village meetings held regarding the invitation to participate in this workshop. Information sharing and survey administration during this workshop was delivered through multiple communicative techniques including posters, handouts, powerpoint slides, and the use of trained local translators. 

Each participating farmer was paired with a trained recorder when completing the survey in order to reduce potential misinterpretation of materials/questions and minimize survey response error. For the survey, farmers were asked to: (a) “State which criteria/program was more important/preferred”; and (b) “Show the level of ‘importance’ compared to other criteria/program using a verbal scale and representation with the number of candies (1-5) provided (Figure 4).” Two leading socio-economic researchers and translators facilitated the administering of the survey. 

For the purposes of this survey, the Expert Choice software “Pairwise Verbal Comparisons” approach was used to conduct the survey, input, and analyze the data. This pairwise verbal comparison approach follows the five-point scale for pairwise comparisons of importance (Table 2). 
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Figure 4: Scale of importance as represented and used in the Farmers Preference survey to represent farmers chosen ‘level of importance’, AHP Survey 2011

Table 2: The 5-point scale for pairwise comparisons of importance 

	Importance
	Verbal Title
	Explanation

	1
	Equal
	Two elements are seen as identical in preference

	2
	Moderate
	One element is slightly favored over the other

	3
	Strong
	One element is strongly favored over the other

	4
	Very Strong
	An element's dominance is apparent in practice

	5
	Extreme
	An element’s preference is completely dominant over the other 


This overall methodological framework was used to qualitatively and quantitatively determine farmers’ preference of the selected CAPS technology versus the control treatment.

III. RESULTS
Using Expert Choice software, data of the survey was inputted and results of the AHP survey were synthesized.

The following table represents farmers’ preference (weights) of each of the four criteria with respect to each CAPS program (Control and CAPS). These weight factors provide a measure of the relative importance of the CAPS by criterion for the farmer (See Table 3).

Table 3: Synthesis of overall farmers’ preference (weight) represented for each alternative program with respect to each criterion.

	Program
	Profit
	Labor Saving
	Yield
	Soil Environmental Benefit

	Control
	0.101
	0.219
	0.142
	0.084

	CAPS 1
	0.089
	0.233
	0.080
	0.208

	CAPS 2
	0.412
	0.285
	0.504
	0.201

	CAPS 3
	0.398
	0.263
	0.274
	0.507


Synthesis of these results revealed that, with respect to the goal of improved income, farmers’ preferences of the four objectives/criteria were, in order of the highest to the lowest: yield, followed closely by profit, soil environmental benefit, and labor saving (Figure 5). The inconsistency ratio is less than 10%, thus the inconsistency is acceptable and the farmers’ evaluation of her/his objective preference is consistent.
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Figure 5: Synthesized results of farmers’ preference of objectives with respect to improved income (Expert Choice, Survey data 2011)
Next, Figure 6 represents the synthesized normalized results of the AHP survey revealing that, with respect to the goal of improved income as it relates to the four CAPS programs, farmers preferences ranked the highest for maize/cowpea intercrop with conventional plowing (CAPS 2). Next, the second highest preferred program was maize/cowpea intercrop with minimum tillage (CAPS 3). The inconsistency ratio for this result is less than 0.1, thus the inconsistency is acceptable and the farmers’ evaluation of her/his program preference is also consistent.
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Figure 6: Synthesized results of farmers’ preference in production systems with respect to the goal of improved income (Expert Choice, Survey data 2011)

IV. DISCUSSION
The results obtained from this study corroborate with previous findings found in the dearth of literature that discusses farmers’ preference of yield being a significant criteria for farmer practices and technologies in developing countries (Nyende and Delve 2004; Snapp et al. 2003).

Prior to the interactive workshop in March 2011 that focused on introducing the idea of CAPS and its economic and environmental benefits, the village farmers of Tentuli had very minimal exposure to any form of environmental education and had no knowledge of CAPS. At present, their minimal exposure to environmental education included that of the forestry department and government extension through village agricultural workers who came monthly to the village to aid in agricultural activities and provide feedback to the farmers for improvements on their practices. Therefore, when results of this research revealed that the farmer’s criteria ranked yield and profit amongst the highest of the four criteria for improved income, it was apparent that subsequent programs must provide impact results in these areas.

In their poorly controlled and unfavorable agricultural environment of Tentuli, farmers are currently much more preoccupied with producing the highest crop yield for their own consumption, as well as producing enough marketable surplus yield to sell to the local and town market. According to the farmers, the definition of profits relates directly to yield: greater yields lead to greater income. Therefore, without high yields, they will not have any surplus (after home consumption) to sell to markets for profits. As such, it is apparent that farmers who do not have experience in CAPS would choose the maize/cowpea intercrop with conventional plowing (CAPS 2) and maize/cowpea intercrop with minimum tillage (CAPS 3) as their preferred program for improved income (according to Figure 1 these two programs offer the greatest profit and yield). 

With this definition of profit in mind, and the knowledge that each individual farmer’s plot sizes in the village are generally very small (< 2 hectares), it is of no surprise that families are focused on plot efficiency; producing the most yield on the limited land that they have. Therefore, it is understandable that, when determining preferences of agricultural practices and technologies, they would choose one that meets these criteria. 

An additional consideration in terms of farmer preference for specific criteria as it relates to agriculture is that yield may be a high priority since the farmers of Tentuli may earn profit outside of the farm through off-farm employment via local iron ore mines. Mining represents a popular employment to young city men and the occasional farmer during the non-farming season or when yields are low due to an unpredictable drought season. To illustrate, families with more than one male over the age of 18 may send one male to the mines to earn additional income if necessary to support the family. As such, according to the 2010 baseline survey data of the age and gender demographics of the village of Tentuli, the majority of the village population is between the ages of 11 to 30. Therefore, when it comes to agricultural criteria specifically towards the goal of improved income, profit will come secondary as a priority to agriculture yield as farmers may resort to off-farm employment at the mines for any additional income.

In terms of labor, since typical plot sizes are relatively small, the majority of the plots can be managed and accounted for by two adults (head of household and wife) (2010 baseline survey data). With an average family size of approximately seven, children often help in tasks that require slightly more labor (i.e. weeding). As such, farmers did not see the labor saving characteristics of the maize/cowpea intercrop with conventional plowing treatment (CAPS 2) and the maize/cowpea intercrop with minimum tillage treatment (CAPS 3) compared to the control (Figure 1) as a drawback at all; to them, the trade-off of higher yields and income was more important. In addition, the similarity in weights regarding the four programs with respect to the criteria of labor saving showed barely any variation at all (all weights were within the 0.20 range, Table 3). In contrast, weights indicating preference of the four programs with respect to the criteria of profit and yield showed greater variance (Table 3).

Even with minimal environmental education, farmers still ranked the benefits of soil environment as a preferred criterion over labor saving with respect to improved income. This may be a result of the March workshop that emphasized the environmental benefits of CAPS.  This education outlined the benefits that CAPS provides for soil including soil moisture retention, increased nutrient availability, and reduced erosion, all of which help to produce better yields. Thus, it is worth noting that taking the farmers’ preference survey a day after this CAPS presentation may have somewhat influenced farmers’ perception of the significance of considering soil environmental benefits as a criterion.

AHP has the ability to identify and take into consideration the decision maker’s personal inconsistencies; however, in this study very minimal (<0.02) inconsistencies were found. This may be explained by observations made during the administration of the survey where farmers who appeared to have some difficulty in deciding the “level of importance” of each program were assisted by the trained recorder. As a result, there was not much variance between the programs rating of one over the other. The farmers were aware and knew their preferences, but the concept of varying five levels of importance might be too much of a range for them with the recorder present. Instead, they clearly made their comparisons based on what programs provided the greatest yield followed by profit. 

V. CONCLUSION
It is clear through this study of Tentuli village in Odisha, India that from the perspective of the adoption of agricultural innovation there are two important factors that need to be considered: what criteria do farmers use to determine agricultural practices, and which of these criteria matter the most to the farmers. Few implementation and adoption projects have a formal methodology of involving farmers in determining technical innovations. On the other hand, wider adoption of farmer practices and crop varieties have been observed once farmer criteria were systematically incorporated in the decision making process (Snapp et al. 2003). As such, this information is critical in planning new on-farm agricultural practices, where decisions of farmers’ preference are integral to research design and subsequent farmer participation and adoption. 

In the case of this study and others within the literature, resource-poor subsistence farmers in Tentuli require assurance that their own food supply (in terms of yield) is the highest priority in determining agricultural practices, and that while profits from sales of yield is highly desirable, it is secondary in priority. It is clear that these farmers have a definitive definition of the criteria profit in which profit cannot be obtained without high yields, as market prices are competitive.

In terms of determining farmer adoption of new practices, it clearly goes beyond just agronomic evaluation. Rather, it is essential to not only identify the costs and benefits of each introduced technology, but to also conduct assessments to determine farmers’ actual use and management of current and potential technologies, the perceived benefits to these farmers, and their ideas and perceptions of the technology (Adesina and Baidu-Forson, 1995; Alphonce 1997; Antle and Diagana 2003). It is clear that agricultural adoption decisions involve many elusive variables that need to be taken into consideration. AHP offers an approach to formalize the decision-making process and make it transparent to farmers in all these aspects, intangible and tangible, through comparative terms (Saaty 2008). 

This type of understanding of farmer’s preference of innovative practices can provide the confidence and necessary information for effective research extension and government intervention. As a by-product of the approach, policy and government decision makers receive information not only about the implicit weights that are placed on the various evaluation criteria but about the consistency of these levels as well. This leads to improved communication and a clearer understanding and consensus among members of decision-making groups, allowing them to become more committed to the programs selected. If researchers and government could better understand farmers’ preference and their criteria for technology, this would help to ensure efficient planning, successful implementation, effective intervention, and ultimately better ensure adoption by participating farmers. As research extension projects and government intervention often come with limited monetary funds and timelines, integrating farmers’ preference into the initial project planning phase using the analytical hierarchy process will be more efficient and beneficial for future outcomes.
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