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Abstract

:

This empirical research investigates the factors influencing the adoption of three irrigation technologies using a probit statistical model: water wheel (WW), water pump (WP), and weir (WR) irrigation technologies as well as their economic returns per unit of rice cultivated area. The influencing factors were categorized into demographic, socioeconomic, topographical, institutional, and attitudinal factor groups by 207 rice-growers in the Chaiyaphum province in northeastern Thailand. The results revealed that the land holding size, farm income, and water use association (WUA) membership factors were highly positively associated with the WW adoption. Meanwhile, age, farm income, skills training, and WUA membership were negatively correlated with the WP adoption. Nevertheless, proximity to a water source and upstream farmland location were positively correlated with the WP adoption. The WR adoption was positively associated with age but negatively correlated with the land holding size, upstream farmland location, and group participation factors. The cost–benefit analysis indicated that the WW irrigation scheme generated the highest economic return with the benefit-to-cost ratio schemes. The findings suggest that the WW irrigation technology would be deployed in the water management of other agricultural areas in the region to overcome the unfavorable geography and alleviate the local farmers’ disadvantageous economic conditions.
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1. Introduction


Irrigation technology allows for the control and distribution of water to meet varying needs within a water system, such as agricultural, industrial, and household needs [1,2]. According to Davivongs et al. [3], water is a vital economic resource—especially in agriculture, as it plays a crucial role in the fertility of agricultural lands. In addition, accessibility to water resources contributes to improving the livelihoods of small-scale farm households [4]. According to Namara et al. [5], agricultural water needs entail the provision of water to and channeling it from the growing areas as well as the conservation of water for dry seasons and ecological maintenance. In Thailand, agriculture provides rural employment, guarantees food security, and drives economic growth. Thus, successive governments have attached importance to agricultural and rural development through a series of development programs and agricultural reforms. In fact, the country has implemented numerous irrigation projects over the past five years in parallel with the agricultural and rural development.



Most of the country’s water resources development or irrigation projects were large-scale and constructed from the 1950s to the 1970s. However, only one-fifth (4.8 million ha) of the country’s total agricultural lands (21.1 million ha) benefited from the irrigation schemes. Thus, various small-scale development programs were launched in the 1980s to improve the economic well-being of the rural poor individuals, particularly rice farmers. The development of water resources was a part of these programs [6]. Despite the efforts, several agricultural areas in Thailand still experience shortages of water supply—especially those in the northeast (NE) region. The NE region has lower seasonal rainfalls, poorer soils, and a greater proportion of undulating terrain in comparison with other regions of the country. In this region, only 8% of the region was irrigated while the remaining 92% was either rain-fed or partially irrigated by the water harvested from high ground [7].



An irrigation scheme is a systematic approach to managing water in the farmland whereby the water is provided to and channeled away from the farmland, and also includes the conservation of water for dry seasons and ecological maintenance. Nevertheless, there is evidence of the lack of adoption of irrigation technology, giving rise to ineffective water resources management, perceived inequality in the water allocation, and low economic well-being [8,9]. The ultimate goal of an irrigation scheme is to enhance the economic performance with minimal water and energy consumption [8,10,11]. To that end, it is of great use to establish an understanding of the physical, social, economic, attitudinal, and ecological dimensions of agricultural water management (i.e., agricultural irrigation), in addition to their relationship to the irrigation technology choice. Specifically, having insight into the influencing factors or determinants of irrigation technology adoption helps in the formulation of effective water management strategies [8]. Moreover, the acceptance of water management technology for appropriate agricultural practices could further increase the capacity of agricultural production and improve the efficacy of water usage in farming. Accordingly, it is regarded as an important strategic approach for water conservation and management [12].



Nonetheless, the water resource management of a community relies on operational management for support. Because water resource management is a highly dynamic development process that must be adapted in accordance with the ecological condition of each region, sustainable management depends on the extensive consideration of major aspects, including the sustainability of the ecological system, the development of a community’s strength, and effective management practices. In order to achieve a sustainable coexistence with nature and the environment, it is important to prescribe regulations on the utilization of water resources, solutions to water resource issues through collaboration, exchange of knowledge, and the development of local communities to produce benefits.



This research investigates the factors influencing the adoption of three irrigation technologies by farmers in the NE of Thailand using a probit statistical model. These technologies include the water wheel (WW), water pump (WP), and weir (WR) irrigation technologies of a rice cultivation area (ha).




2. Materials and Methods


2.1. Study Area and Data Collection


This study focuses on the Muang district, Chaiyaphum Province of northeastern Thailand. The study area covered three rice-growing sub-districts along the Chi River basin in Thailand’s northeastern province of Chaiyaphum (Figure 1). The three sub-districts are Ban Lao, Na Fai, and Na Siew. Due to their geography, the annual rice cultivation was possible only in the wet season (May–October), with the Lam Pa Tow dam of the Chi River being the main source of irrigated water. In the Chaiyaphum province, the water from the Chi River basin was principally used for agriculture and household consumption purposes. According to [13], an estimated 60% of arable land along the Chi River basin was utilized for agriculture, 41% of which was for rice cultivation.



A field survey was carried out using a structured questionnaire to gather the quantitative data from the participating rice farming households in this study site. In addition, observations, in-depth interview sessions, focus-group discussions, and key informant interviews were undertaken for the background and qualitative data. Multi-stage sampling was utilized, whereby the Chaiyaphum province was first purposely selected. Following this, stratified sampling was applied to categorize the farming households by the irrigation technologies: the water wheel (WW), water pump (WP), and weir (WR). Finally, simple random sampling was used to obtain a total sample of 207 rice farming households, within which there are 30 WW, 130 WP, and 47 WR farmers.




2.2. Data Analysis


2.2.1. Household Characteristics


Both quantitative and qualitative data analyses were applied in this study. Descriptive statistics were used to describe the characteristics of the households by frequency, percentage, mean, and standard deviations. Chi-square and analysis of variance (ANOVA) were used to ascertain the differences in the demographics and socioeconomics of the participating rice farmers (207 sampled households) in relation to the various irrigation technologies (WW, WP, and WR). In addition, the ANOVA F-test was utilized to determine the statistical differences of the revenue and cost (financial) items among the variable irrigation schemes.




2.2.2. Factors Influencing Technology Adoption


A probit model [14,15,16] was used to investigate the factors influencing the adoption of diverse irrigation technologies (WW, WP, and WR) by the participating farming households.


   Y i =  β 0  +   ∑   i = 1   14   β i X i + v   



(1)




where Yi is the irrigation technology adoption (1 if adopted and 0 otherwise); β0 is the intercept; βi is a vector of the parameter estimates; Xi is a vector of the explanatory variables; and v is the random disturbance term.



Table 1 shows the explanatory (independent) variables (X1–X14), which are comprised of gender, age, education, farming experience, land holding size, farm income, labor, farmland location, proximity to water source, training, water use association (WUA) membership, information access, degree of participation, perceived equality of the water allocation, and the descriptions. The independent variables (X1–X14) were entered into the probit model to identify the determinants of the farmers’ adoption of the various irrigation technologies.



The influencing factors (X1–X14) were classified as demographic (X1–X4), socioeconomic (X5–X7), topographical (X8, X9), institutional (X10–X13), and attitudinal (X14) factors.




2.2.3. Economic Returns from Technology Adoption


Economic returns associated with the three irrigation technologies were analyzed using the cost and benefit method:


ER = R − PC



(2)




where R is revenues from the sale of rice based on the farm-gate price, and PC is the production cost. PC includes the costs of seeds, fertilizers, pesticides, fuel, and hired labor, while the benefit was the revenue.



In addition, the economic return per unit of input cost was determined using the benefit–cost ratio.






3. Results and Discussion


3.1. Demographic and Socioeconomic Factors


Table 2 shows the demographic and socioeconomic profiles of the participating rice farmers relative to the irrigation technologies (WW, WP, and WR), including gender (X1), age (X2), education (X3), rice farming experience (X4), land holding size (X5), and number of farm laborers (X7).



3.1.1. Gender


In Table 2, three-fifths (59.9%) of the participating farmers (207 farmers) were male and 40.1% were female. The Chi-square test result indicated that gender was not statistically significant (p > 0.05) with regard to the adopted irrigation technology.




3.1.2. Education Level


The participating farmers having only a primary school education accounted for 90.8%, followed by those with secondary school (6.3%) and tertiary (2.9%) education. The findings indicated that most of the farmers received little formal schooling. Nevertheless, the Chi-square test revealed that formal education was statistically insignificant with respect to the adopted irrigation schemes (p > 0.05).




3.1.3. Age


The respondents’ ages were classified into four age groups (Figure 2): below 40, 41–50, 51–60, and over 60, with the average age of 57.08 years. Overall, the 51–60 age group constituted the largest proportion (42.0%), followed by the 60-plus (30.9%), 41–50 (23.7%), and below 40 (3.4%) age groups. The findings suggested that younger generations are abandoning the rice farming profession for other employment due to the lack of capital to get into farming and the decline in the popularity of farming as a career choice following the societal values. As a consequence, the inheritance of the traditional technology of WW has declined in the young generation with group of 41–50 years of age. Currently, only a small proportion of the local people have knowledge of the management of WW irrigation technologies, and most of them are the old generation. Consequently, an absence of the inheritance of local knowledge and wisdom of water management to younger generations would contribute to the inability of local people to sustain the local knowledge regarding the use of water wheels. The use of water wheels is the traditional water management technology that is embedded in the rural community’s way of life. In terms of technology adoption for older generations of farmers, adoption rates of WR irrigation are high in the age group of 51–60 years, accounting for 46.8% of their corresponding group, 42.3% for WP, and 33.3% for WW (Figure 2).




3.1.4. Rice Farming Experience


The respondents’ years of rice farming experience were classified into five lengths of time: less than 10, 11–20, 21–30, 31–40, and over 40 years. The average length of rice farming experience was 33.21 years. Overall, the 21–30 group had the largest number of participants (32.9%), followed by the 31–40 (26.6%), 10–20 (22.2%), >40 (15.5%), and <10 (2.9%) groups. In fact, the findings were influenced by the factor of age, as the majority of the farmers were over 50 years old and thus had elongated rice farming experience. Nonetheless, the ANOVA result revealed that the length of farming experience was not statistically significant with regard to the adopted irrigation technology (p > 0.05).




3.1.5. Number of Farm Laborers


The number of farm laborers was categorized into three groups: 1–2, 3–4 and >4 laborers. Overall, the group with 3–4 laborers was the largest group (49.3%), followed by the 1–2 (44%) and >4 laborers (6.8%) groups. The findings were consistent with those of the land holding size, in that the majority of the farmers were small-scale farmers (<3.2 ha) and thus required few farm laborers. The ANOVA results indicated that the number of farm laborers was statistically insignificant with regard to the choice of the irrigation technology (p > 0.05).




3.1.6. Land Holding Size


The land holding sizes were categorized into three sizes: small (<3.2 ha), medium (3.2–6.5 ha) and large (>6.5 ha) farms, with an average land holding size of 1.95 ha. The small-scale farmers (i.e., those with a small farming area) constituted the largest group (90.3%), of which the WW, WP, and WR-adopting farmers accounted for 86.7%, 88.5%, and 97.9% of their respective groupings (Figure 3).





3.2. Influencing Factors of the Adoption of Variable Irrigation Technologies


Table 3 tabulates the probit model results of the factors (X1–X14) influencing the adoption of the various irrigation technologies of the rice farmers in the study area. Specifically, the WW adoption was statistically associated with the land holding size (β = 0.556), farm income (0.002), and WUA membership (2.437) factors. The adoption of the WP irrigation technology was statistically associated with age (−0.089), farm income (−0.001), farmland location (3.089), proximity to the water source (2.017), skills training (−1.382), and WUA membership (−3.524). The determinants of the weir (WR) adoption were age (0.105), land holding size (−0.608), farmland location (−3.043), and the degree of community participation (−2.802).



3.2.1. Age


The WP adoption and age had a significant negative correlation with each other (β = −0.089, p < 0.05), while this association was significantly positive between the WR adoption and age (β = 0.105, p < 0.05). The findings indicated that the older farmers were more receptive to the WR irrigation technology due to its ease of use, while their younger counterparts preferred the WP technology probably due to their familiarity with the motorized machinery and pumps as well as their great distance from the water source. This is consistent with He et al. [17], who documented that the likelihood to adopt a modern irrigation technology was negatively correlated with the age of the household head. Our further in-depth interviews revealed that the discontinuity of traditional irrigation technology (WW) transfer could lead a new (modern) generation of farmers shifting to using new technology (WP) because it is easier to use and easily accessible.




3.2.2. Land Holding Size


Land holding size was significantly positively associated with the WW adoption (β = 0.556, p < 0.01). Thus, an increase in the land holding size contributed to an increased probability of the WW adoption in rice cultivation of the study area. This is consistent with a previous study [18], which reported that farm size and the adoption of the traditional irrigation technology (i.e., the water wheel) were positively correlated. On the other hand, the adoption of WR technology and land holding size were significantly negatively correlated (β = −0.608, p < 0.01), which suggests that the large-scale farmers opted against the WR irrigation technology.




3.2.3. Farm Income


The WW adoption and farm income were significantly positively correlated (β = 0.002, p < 0.01), which suggested that the increased income from the sales of rice contributed to the greater likelihood of the WW adoption. Meanwhile, the WP adoption was significantly negatively associated with farming income (β = −0.001, p < 0.01). This finding could partly be attributed to a circular logic in which the WP farmers had adopted the water pump scheme hoping that a larger volume of irrigated water would lead to higher rice yields and economic returns. This is consistent with a previous study [19], which noted that economic incentives play an important role in the adoption of modern technologies. However, the farmers tended to overlook the higher operational and maintenance costs accompanying the WP irrigation system, which thereby amounted to a negligible increase or even lower farm income. Additionally, one study [20] noted that farming households with alternative sources of income exhibited a greater tendency to adopt modern irrigation technologies (e.g., the motor pumps). Interestingly, two studies [20,21] reported that farmers with limited incomes or assets are reluctant to adopt unfamiliar technologies due to the risks of possible low crop yields. Regardless, based on the obtained data and in-depth interview, the motivation factors of farmers regarding the acceptance of water management technology in the aspect of income involved increasing the rice yield and decreasing the cost of production. Meanwhile, the case study found that farmers who used the water pump were faced with expenses in terms of equipment, maintenance, and fuel. Hence, these farmers still had a low income after deducting expenses of farming using the water pump. As such, the integration of technology in water management in combination with appropriate production management would enable some farmers to adopt new methods of water utilization to increase the returns from this investment. For instance, the use of water wheel requires initial investment for the installation, but it decreases the cost of production in the long run, making it worth the investment.




3.2.4. Farmland Location (Upstream)


The WP adoption was significantly positively correlated with an upstream farmland location (β = 3.089, p < 0.01). On the other hand, the upstream location of farmlands was significantly negatively associated with the WR adoption (β = −3.043, p < 0.01). The findings revealed that despite the advantageous farmland location, the upstream rice farmers still deployed the WP technology to exploitatively irrigate their rice fields, giving rise to the downstream farmers’ perceived unfairness of the water allocation. Further investigation also revealed that despite the advantageous location of their farmlands, the WR irrigation technology was an unattractive option because most upstream farmers preferred not to lose out in the “water competition” as other upstream farmers deployed the water pumps.



It is particularly true that upstream communities have better access to water resources compared to downstream communities in terms of water availability, quality, and timing. Likewise, farmers in the plain area have better access to water than those in the elevated area. Farmers’ acceptance of technology is also affected by distance from the water sources (such as rivers) to the farming locations, as the adoption and implementation of the appropriate technology depends on the water availability for the nearby farming areas. Farmers with a larger area of land need to pump water quickly in order to meet the requirements for water for their farming need. Thus, the significant challenge for farming in the area near the river source is to identify the most effective scheme that can increase crop production while reducing water usage. Furthermore, farming needs to use water in a reasonable and appropriate manner in response to the water requirement of each crop.



This partly explains the negative association between the WR adoption and the upstream farmland location. In the case of farmers who adopted the WR by a focus group discussion, through the support of the government’s irrigation project, they are faced with the problem pertaining to the proximity of the plantation to the water resource. Those who are further away from the water resource may experience water shortages or infrequent supply of water for farming, which further affect rice production. Likewise, the use of WR reduces the number of farmers who previously adopted the use of WW in their agricultural practice. This is consistent with previous studies [22,23], which reported that weak institution leads to competition in the utilization of water and unsettled downstream effects from upstream irrigation. Regardless of the decrease in water demand amongst users who utilize water by upstream water users, farmers are likely to be able to allocate water equally if there is a strong institution facilitating effective communication.




3.2.5. Proximity to Water Source


The WP adoption and the distance from the water source were significantly positively correlated (β = 2.017, p < 0.01), which indicates that a greater distance from the irrigation system meant a greater likelihood of adopting WP, irrespective of the upstream or downstream location of the farmland. However, the finding is inconsistent with a previous study [24], which documented that greater distance from the irrigation system resulted in lower rates of WP adoption. Moreover, a previous study [25] reported that distance had no influence on the WP adoption in Ethiopia. Meanwhile, the relationships of the proximity to the water source with the WW and WR adoption were inconclusive.




3.2.6. Training on Agricultural Practices


The WP adoption was significantly negatively associated with the amount of training on agricultural practices (β = −1.382, p < 0.05), which suggested that the farmers with knowledge of efficient and sustainable agricultural practices would shun the WP irrigation technology due to the high costs and long-term environmental impacts. This is consistent with previous studies [26,27,28], which reported that increasing farmers’ knowledge and skills through various training and extension programs contributed to enhanced water use efficiency. Farmers who have access to training in agricultural water management will take the principles of agricultural production under the sustainability of limited natural resources into consideration. For instance, the use of water for farming at appropriate times, the implementation of technology to reduce cost, and environmentally friendly concepts for integrated water resources management is required in order to achieve maximum efficiency, which is based on the acquired knowledge of farmers.




3.2.7. WUA Membership


The WUA membership and the WW adoption were significantly positively correlated (β = 2.437, p < 0.01), while the WUA membership was significantly negatively associated with the WP adoption (β = −3.524, p < 0.01). The positive association between the membership and the adoption of the WW irrigation technology was attributable to “peer pressure”, as the members are required to comply with the rules and restrictions for the collective benefit of the organization (i.e., WUA), with violations possibly resulting in expulsion. In addition, the enrolment into the water user group plays an important role in terms of increasing the awareness of the issues of the lack of water and co-utilization of water resources to allocate adequate water resources for members in the group. As a consequence, water allocation will be more efficient and effective. The allocation of water will be in accordance with the needs of all farmers in a fair and economical manner. Therefore, this reduces the issues of disputes between farmers, public sector, and private sector. Accordingly, farmers and related organizations will feel as though they are the co-owners of water resources, which subsequently leads to practical and sustainable water management. According to previous studies [29,30], the establishment of water user associations (WUAs) and the transfer of responsibility for operation and maintenance of irrigation systems to the farmers plays an important role in encouraging users to adopt technologies for more efficient water use and increased crop production.




3.2.8. Group Participation


The farmers’ participation in community projects was significantly negatively correlated with the adoption of the WR irrigation technology (β = −2.802, p < 0.05). The finding could be attributed to the fact that the active participation has made the local farmers aware of the negative impacts of the WR construction on the natural watercourses and the ecological system. As a result, this discouraged WR adoption among the local farmers. According to previous studies [17,31,32,33,34,35,36], membership and participation in farmer groups or associations contributed to the adoption of environmentally-friendly, operationally-viable, and economically-viable irrigation schemes (e.g., the water wheel irrigation techology). Moreover, participation in community projects or action groups offers farmers access to training, information, inputs, credit, and communal agricultural equipment [37,38].





3.3. Economic Returns under Variable Irrigation Schemes


The economic returns associated with these three irrigation technologies of the participating farming households were analyzed and compared using the conventional cost–benefit method. According to previous studies [32,39,40], the measures of farmers’ economic conditions encompass the adoption cost, operational cost, productivity, profitability, and farm efficiency. Such measures can be directly garnered from the farmers through household surveys or any other means.



Table 4 tabulates and compares the investment costs and economic returns per unit area of rice cultivation (ha) of the participating rice farmers under the three irrigation schemes (WW, WP, and WR). By comparison, the farm revenue per ha (item 1) of the WW farmers was largest (THB 28,007.50), followed by the WR (THB 25,262.50) and WP (THB 21,264.38) farmers (1 USD = THB 35). This indicates that the greatest rice yields per unit area of cultivation occurred under the WW irrigation scheme. Meanwhile, the WW farmers incurred the smallest total cost per ha (item 4) of THB 10,588.13, followed by the WR (THB 12,778.75) and WP (THB 14,617.50) farmers, suggesting the relatively minimal operational cost of the WW irrigation technology. This contributed to the highest net income or economic return (item 7) per ha under the WW irrigation scheme of THB 17,419.38, followed by THB 12,483.13 and THB 6646.88 for the WR and WP schemes. The low economic return of the WP scheme was largely attributable to the fuel costs to operate the pumps. The findings also revealed that the farm revenue, total cost, and net farm income were statically different between the three irrigation technologies (p < 0.01).



The research findings revealed that the lowest operating expense ratio (item 8)—which is a measure of what percentage of farm revenue is allocated to the variable operating expenditures—was achieved under the WW irrigation scheme (35.7%), followed by the WR (48%) and WP (64.2%) irrigation technologies. This is consistent with a previous study [41], which documented that farms with higher proportions of rented land and machinery or hired labor tended to exhibit higher operating expense ratios. In addition, the depreciation expense ratio (item 9) was highest under the WP irrigation technology (4.6%), followed by 2.6% and 2.1% under the WR and WW schemes. Further investigation revealed that despite the high depreciation cost and environmental pollution, the adoption of the WP irrigation scheme was common in the study area due to its ease of deployment, the proximity to water sources, and the lack of concerted efforts to preserve the water wheel irrigation practice.



As the highest farm revenue and lowest total cost per ha occurred under the WW irrigation scheme, its net farm income ratio (item 10) was the largest (62.2%) when compared to those of the WP (31.3%) and WR (49.4%) irrigation technologies. Likewise, the benefit–cost ratio (item 11) of the WW scheme was the highest (2.6), suggesting that one dollar (or Thai baht) of investment generates 2.60 dollars (or THB) of revenue. This was followed by the WR (2.0) and WP (1.5) schemes.



Specifically, the highest economic return associated with the traditional WW technology could be attributed to the regular and consistent irrigation, which helps minimize soil moisture loss and retain soil nutrients and thus lowers the use of chemical fertilizers. The nutrient-rich soil also promotes the fully-developed rice grains and subsequently results in higher crop yields per unit of cultivation area. In addition, we also found that the soil conditions in the WW-adopted farm were better than those in the WP-adopted farm. The differences between paddy fields that use the WW irrigation scheme and those that use the WP irrigation scheme were often found to be related to the lack of water that may occur during a certain period. Some farmers have to hire workers to pump the water, and sometimes they do not have enough time to pump the water, so they inevitably have to let it dry. Paddy fields that use the WP irrigation scheme are not as good as those that use WW irrigation scheme, which are always abundant in water. Undoubtedly, rice in the latter type of paddy field have a higher growth rate and require less pesticide use. Rice in the paddy fields that are irrigated by WW irrigation scheme has a strong structure, with a relatively higher resistance to diseases and insects. Meanwhile, rice in the paddy fields that use water from the WR irrigation scheme are faced with the same issue as those that use WP due to the irregular supply of water. The selection of irrigation technology adoption for the agricultural water management of farmers does not depend on theoretical concepts. In contrast, it depends on the choice that is most appropriate for each particular farm. The most apparent instance is the local wisdom regarding the innovation and development of basic technology for the utilization of water resources for agricultural purposes. This reflects the traditional culture of the community that is attached to the continuous and extensive use of water from the river (Lampatow). The inheritance of local wisdom adheres to the agricultural practices and solely emphasizes a group of direct water resource users living near the river, because it is a technology that depends on the physical condition of the riverbank that facilitates diversions from the WW irrigation scheme.



Hence, in order to increase efficiency in terms of technique and crop yield, farmers should be encouraged to grow rice according to their capacity. Likewise, they should be provided with knowledge pertaining to the factors of production, such as the proper use of fertilizers and pesticides, as such factors affect rice yield. By applying an appropriate quantity, rice yields will increase while the cost of production will decrease. For instance, farmers who use the WP irrigation scheme should reduce the use of fertilizers in order to lower the farming costs while increasing rice yields.



Moreover, the operation of the WW irrigation scheme incurs no fuel costs and requires minimal maintenance. The strategic approach of water management to improve the efficiency of water usage in agriculture may be impeded depending on the objectives of farmers emphasizing the increase in profitability or crop production [42].





4. Conclusions and Recommendations


This research has investigated the influencing factors of the adoption of the three irrigation technologies using a probit statistical model: the water wheel (WW), water pump (WP), and weir (WR) irrigation technologies, as well as their economic returns per unit of rice cultivation area (ha). The influencing factors included demographic, socioeconomic, topographical, institutional, and attitudinal factors. This study was conducted in three rice-growing sub-districts in Thailand’s northeastern province of Chaiyaphum. Specifically, the research aimed to identify the irrigation technology (WW, WP, WR) that is most environmentally sustainable and economically inclusive.



The probit regression results revealed that the land holding size, farm income, and WUA membership factors were significantly positively associated with the water wheel (WW) adoption of the participating farmers. The correlation between the WUA membership and the WW adoption (β = 2.437, p < 0.01) is of particular interest, whereby the members are “peer-pressured” to comply with the rules for the collective benefit of the organization with violations possibly resulting in expulsion. Meanwhile, age, farm income, skills training, and WUA membership were significantly negatively correlated with water pump (WP) adoption. The negative correlation between WUA membership and WP adoption (β = −3.524, p < 0.01) is of special interest. This suggests that in order to avoid being subjected to peer pressure and rules, the WP farmers were less likely to be a WUA member, given that the WP operation causes environmental pollution and could lead to the downstream farmers’ perceived unfairness of the water allocation. On the other hand, the proximity to the water source and upstream farmland location were significantly positively correlated with the adoption of the WP technology. Surprisingly, despite the advantageous farmland location, the upstream farmers preferred not to lose out in the “water competition” as other upstream farmers deployed the water pumps. This partly explains the positive association between the WP adoption and the upstream farmland location.



The probit model also indicated that the weir (WR) adoption was significantly positively associated with age but negatively correlated with the land holding size, upstream farmland location, and group participation factors. Interestingly, the WR irrigation technology (β = −3.043, p < 0.01) was an unattractive irrigation option despite the advantageous farmland location, because most upstream farmers opted for the water pumps (WP) for maximum water harvest. This contributed to the negative association between the upstream farmland location and the WR adoption.



The cost–benefit analysis revealed that by comparison, the WW irrigation technology yielded the highest economic returns per unit of rice cultivation area (ha) with a benefit-to-cost ratio of 2.6, suggesting that one Thai baht of investment generates 2.60 Thai baht of revenue, followed by the WR (2.0) and WP (1.5) irrigation schemes. The highest economic return associated with the traditional WW technology was attributable to the regular and consistent irrigation, which helps minimize soil moisture loss and retain soil nutrients and thus lowers the use of chemical fertilizers. The nutrient-rich soil also promotes the full development of rice grains and subsequently resulted in higher crop yields per unit of cultivation area. The WW irrigation scheme requires no petroleum-based fuels and minimal maintenance to operate in addition to being an environmentally-friendly irrigation option.



In light of the research findings, the water wheel technology is the most operationally-viable, economically-sustainable, and environmentally-friendly irrigation option compared to the water pump and weir irrigation schemes. Thus, the water wheel technology could be deployed in the water management of other agricultural areas in Thailand’s northeast region to mitigate the unfavorable geography and the local farmers’ disadvantageous economic conditions. Moreover, to enhance the water wheel adoption and successful implementation, training in efficient agricultural practices should be provided, while the active participation in community projects and the membership of a local irrigation group are to be encouraged.



According to the area of study, factors that are regarded as obstacles to the use and technological development of a water wheel technology include the site characteristics for installing a water wheel system, which must take the depth of the riverbank into consideration. If the riverbank is high and the water is considerably deep, the water wheel system cannot be installed. In addition, it requires a consistent flow of water and the canal must not be too wide, since the system is dependent on the water pressure from the currents. Furthermore, young generations have shifted their career paths to work in other places, following societal values. As a consequence, the inheritance of the local wisdom of water wheels has declined and some farmers have to adapt to the methods of supplying water through water pumps. Based on the perspectives of farmers using weir irrigation technology, it can be observed that the construction of weirs and irrigation canals contribute to the reduction in the use of water wheels. This implicitly diminishes the naturalness of the Lampatao canal and changes the means of water allocation. However, the increase of WW irrigation schemes’ efficiency under the limitations of the characteristics of the landform could be achieved through the installation of a barrier around the front of the waterproof equipment to prevent water passing through. This method could increase the rotation speed of WW irrigation schemes, regardless of the water volume in the river. Regarding construction materials of WW irrigation schemes, materials such as bamboos can be found and are grown by the local community along the riverbank to prevent soil erosion. Further, it is important to promote the dissemination, inheritance, and conservation of the local wisdom of WW irrigation schemes through the establishment of the conservation organization to preserve, rehabilitate, and disseminate the local wisdom of WW irrigation schemes. The methods for using WW irrigation schemes should also be promoted through training, research, and education.



Consequently, the factors contributing to the success of water resource management through water wheel technology include governmental support through the implementation of policies addressing energy and the utilization of water energy as a source of renewable energy. Some of the equipment required in the process are easily accessible and with a low cost. Likewise, water wheels are regarded as a significant selling point in terms of ecotourism.



The vision and strategic plan needs to be shared in order to create an integrated agricultural water management that includes an emphasis on the conservation of forest and soil-water; increase in water use efficiency and water distribution; the development of WUA; and the promotion of the use of renewable energy.



This is related to the principle of sustainable development, which supports the development of the economy, society, and the environment in response to the needs of the population without affecting the opportunities of natural resources and the environment for future generations. Such development emphasizes the balance between the conservation of natural resources and the sustainable use of resources, which can be applied in community management. This development can be used to strengthen and improve community organizations, the economy, and society to achieve sustainable development goals. The sustainable development goals include water management to increase the efficiency of water usage in all regions; the management of water resources at all levels; the conservation and restoration of ecological systems pertaining to water resources for the efficient use of water; as well as the encouragement of community participation in the sustainable development of water management. This study can provide guidance to promote the development and extension of appropriate agricultural water management technologies, water allocation, and the sustainable maintenance of irrigation systems from these divisions and eventually the whole river basin.
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Figure 1. Location of the study area. 
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Figure 2. Percentage of respondents regarding adoption of irrigation technologies by age group. Note: the ANOVA result (as shown in Figure 2 and Table 2) showed that age was statistically significant with regard to the adopted irrigation technology (p < 0.01). WP: water pump; WR: weir; WW: water wheel. 
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Figure 3. Percentage of respondents regarding adoption of irrigation technologies by land holding size. Note: The ANOVA results (Figure 3/Table 2) indicated that the farmers’ land holding size was statistically significant with regard to the adopted irrigation technology (p < 0.01). 
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Table 1. Variables of the probit model used to determine the influencing factors of the adoption of irrigation technologies.
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	Notation
	Variable Name
	Description
	Variable Type/Criteria





	Y
	Adoption (Dependent variable)
	Farmer’s adoption of irrigation technology
	Dummy: 1 if adopted, 0 otherwise



	X1
	Gender
	Respondent’s gender
	Dummy: 1 = male, 0 = otherwise



	X2
	Age
	Respondent’s age
	Continuous variable



	X3
	Education
	Level of formal education
	Independent variable: 1 = Primary, 2 = Secondary, 3 = Tertiary



	X4
	Farming experience
	Years of rice farming experience
	Continuous variable



	X5
	Land holding size
	Total rice cultivation area in hectare (ha)
	Continuous variable



	X6
	Farm income
	Amount of rice farming income (Thai Baht/ha)
	Continuous variable



	X7
	Labor
	Number of farm workers
	Continuous variable



	X8
	Farmland location
	Location of farmland (upstream or downstream)
	Dummy: 1 if upstream, 0 otherwise



	X9
	Proximity to water source
	Proximity to the irrigation system
	Dummy: 1 if ≤1 km, 0 otherwise



	X10
	Training
	Famer’s training in agricultural practices
	Dummy: 1 if yes, 0 otherwise



	X11
	WUA membership
	Member of the community’s water use association (WUA)
	Dummy: 1 if yes, 0 otherwise



	X12
	Information access
	Frequency of information access
	A 5-point Likert scale, ranging from rarely to constantly.



	X13
	Degree of participation
	Active participation in community projects and activity (other than WUA)
	A 5-point Likert scale, ranging from rarely to constantly.



	X14
	Perceived equality
	The level of perceived fairness of the water allocation
	A 5-point Likert scale, ranging from very low to very high.
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Table 2. Demographics and socioeconomics of the participating farmers by the irrigation technology.
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Water Wheel (n = 30)

	
Water Pump (n = 130)

	
Weir (n = 47)

	
Total (n = 207)




	
f

	
(%)

	
f

	
(%)

	
f

	
(%)

	
f

	
(%)






	
Gender

	

	

	

	

	

	

	

	




	
 Male

	
23

	
(76.7)

	
75

	
(57.7)

	
26

	
(55.3)

	
124

	
(59.9)




	
 Female

	
7

	
(23.3)

	
55

	
(42.3)

	
21

	
(44.7)

	
83

	
(40.1)




	
χ2 = 4.186, df = 2, Sig = 0.123




	
Education Level

	

	

	

	

	

	

	

	




	
 Primary

	
28

	
(93.3)

	
116

	
(89.2)

	
44

	
(93.6)

	
188

	
(90.8)




	
 Secondary

	
2

	
(6.7)

	
10

	
(7.7)

	
1

	
(2.1)

	
13

	
(6.3)




	
 Tertiary

	
-

	
-

	
4

	
(3.1)

	
2

	
(4.3)

	
6

	
(2.9)




	
χ2 = 2.990, df = 4, Sig = 0.559




	
Age (Year)

	

	

	

	

	

	

	

	




	
 <40

	
1

	
(3.3)

	
5

	
(3.8)

	
1

	
(2.1)

	
7

	
(3.4)




	
 41–50

	
7

	
(23.3)

	
39

	
(30.0)

	
3

	
(6.4)

	
49

	
(23.7)




	
 51–60

	
10

	
(33.3)

	
55

	
(42.3)

	
22

	
(46.8)

	
87

	
(42.0)




	
 >60

	
12

	
(40.0)

	
31

	
(23.8)

	
21

	
(44.7)

	
64

	
(30.9)




	
 Mean (SD)

	
58.07 (9.71)

	

	
55.38 (9.04)

	

	
61.1 (8.67)

	

	
57.08

(9.33)

	




	
F = 7.241, Sig = 0.001 **




	
Rice Farming Experience (Year)

	

	

	

	

	

	

	

	




	
 <10

	
-

	
-

	
5

	
(3.8)

	
1

	
(2.1)

	
6

	
(2.9)




	
 10–20

	
5

	
(16.7)

	
33

	
(25.4)

	
8

	
(17.0)

	
46

	
(22.2)




	
 21–30

	
8

	
(26.7)

	
41

	
(31.5)

	
19

	
(40.4)

	
68

	
(32.9)




	
 31–40

	
11

	
(36.7)

	
29

	
(22.3)

	
15

	
(31.9)

	
55

	
(26.6)




	
 >40

	
6

	
(20.0)

	
22

	
(16.9)

	
4

	
(8.5)

	
32

	
(15.5)




	
 Mean (SD)

	
36.16

(11.57)

	

	
32.68

(12.37)

	

	
32.76

(9.76)

	

	
33.21

(11.73)

	




	
F = 1.118, Sig = 0.329




	
Number of farm workers

	

	

	

	

	

	

	

	




	
 1–2

	
16

	
(53.3)

	
52

	
(40.0)

	
23

	
(48.9)

	
91

	
(44.0)




	
 3–4

	
12

	
(40.0)

	
69

	
(53.1)

	
21

	
(44.7)

	
102

	
(49.3)




	
 >4

	
2

	
(6.7)

	
9

	
(6.9)

	
3

	
(6.4)

	
14

	
(6.8)




	
 Mean (SD)

	
2.90

(1.06)

	

	
2.86

(0.99)

	

	
2.72

(0.88)

	

	
2.84

(0.97)

	




	
F = 0.423, Sig = 0.655




	
Land Holding Size (ha)

	

	

	

	

	

	

	

	




	
 Small (<3.20 ha)

	
26

	
(86.7)

	
115

	
(88.5)

	
46

	
(97.9)

	
187

	
(90.3)




	
 Medium (3.20–6.50)

	
4

	
(13.3)

	
13

	
(10.0)

	
1

	
(2.1)

	
18

	
(8.7)




	
 Large (>6.50 ha)

	
-

	
-

	
2

	
(1.5)

	
-

	
-

	
2

	
(1.0)




	
 Mean (SD)

	
2.48

(1.10)

	

	
1.98

(1.32)

	

	
1.54

(0.84)

	

	
1.95

(1.23)

	




	
F = 5.695, Sig = 0.004 **








** Denotes Significant at 99%confidence level (p < 0.01).
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Table 3. The probit model results of the factors influencing the adoption of variable irrigation technologies.
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Factors

	
Water Wheel (WW)

	
Water Pump (WP)

	
Weir (WR)




	
Coefficient

	
Std. Err.

	
Coefficient

	
Std. Err.

	
Coefficient

	
Std. Err.






	
Gender

	
0.491

	
0.551

	
−0.587

	
0.416

	
0.280

	
0.456




	
Age

	
−0.032

	
0.046

	
−0.089 **

	
0.035

	
0.105 **

	
0.044




	
Education

	
1.764

	
1.038

	
−0.084

	
0.710

	
–0.373

	
0.901




	
Experience

	
0.027

	
0.037

	
0.018

	
0.026

	
–0.021

	
0.037




	
Land holding size

	
0.556 ***

	
0.197

	
0.143

	
0.162

	
–0.608 ***

	
0.229




	
Farm income

	
0.002 ***

	
0.000

	
−0.001 ***

	
0.000

	
0.000

	
0.000




	
Labor

	
0.388

	
0.221

	
−0.312

	
0.179

	
0.116

	
0.226




	
Location

	
−0.651

	
0.767

	
3.089 ***

	
0.641

	
–3.043 ***

	
0.600




	
Proximity to water

	
−0.169

	
0.697

	
2.017 ***

	
0.597

	
–3.587

	
1.867




	
Training

	
1.131

	
0.777

	
−1.382 **

	
0.680

	
-

	
-




	
WUA membership

	
2.437 ***

	
0.678

	
−3.524 ***

	
0.677

	
0.834

	
0.557




	
Information access

	
0.433

	
0.721

	
−0.862

	
0.607

	
1.283

	
0.720




	
Participation

	
2.137

	
4.547

	
0.975

	
0.577

	
–2.802 **

	
1.245




	
Perceived fairness of water allocation

	
−0.274

	
0.664

	
−0.884

	
0.722

	
-

	
-




	
Constant

	
−16.260

	
6.474

	
11.676

	
3.018

	
–1.152

	
2.702




	
Log likelihood

	
−27.635

	
−36.488

	
−26.694




	
LR (likelihood ratio) test Chi2

	
115.73

	
199.33

	
167.87




	
Prob > Chi2

	
0.0000

	
0.0000

	
0.0000




	
Pseudo R-squared

	
0.6768

	
0.7320

	
0.7587








** Significant at the 0.05 level; *** significant at the 0.01 level.
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Table 4. The farm revenue, costs, and net farm income per unit area of rice cultivation under various irrigation schemes (Thai baht/ha; 1 USD = THB 35).
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	Item
	Water Wheel
	Water Pump
	Weir
	Overall Average
	F-Test (Sig)





	1. Farm revenue
	28,007.50 a
	21,264.38 c
	25,262.50 b
	23,149.38
	0.000 **



	2. Total variable cost
	9985.63 c
	13,649.38 a
	12,127.50 b
	12,772.50
	0.000 **



	 2.1 Seed
	1525.00 a,b
	1551.25 a
	1520.00 b
	1540.00
	0.012 *



	 2.2 Fertilizer
	1795.63 b
	2412.50 a
	2516.88 a
	2346.88
	0.000 **



	 2.3 Pesticide
	574.38 b
	841.88 a
	992.50 a
	837.50
	0.027 *



	 2.4 Fuel
	-
	2499.38
	-
	-
	-



	 2.5 Hired labor
	6090.00 b
	6343.75 a,b
	7097.50 a
	6478.13
	0.083



	3. Fixed cost (Depreciation)
	601.88 b
	968.75 a
	651.88 b
	843.13
	0.000 **



	4. Total cost = (2) + (3)
	10,588.13 c
	14,617.50 a
	12,778.75 b
	13,616.25
	0.000 **



	5. Yield (kg/ha)
	2306.88 a
	1772.31 c
	2105.19 b
	1925.36
	0.000 **



	6. Gross margin = (1) − (2)
	18,021.88 a
	7435.00 c
	13,135.00 b
	10,263.13
	0.000 **



	7. Net farm income (crop value per ha) = (1) − (4)
	17,419.38 a
	6646.88 c
	12,483.13 b
	11,103.13
	0.000 **



	8. Operating expense ratio = (2)/(1) × 100
	35.7
	64.2
	48.0
	48.4
	



	9. Depreciation expense ratio = (3)/(1) × 100
	2.1
	4.6
	2.6
	3.6
	



	10. Net farm income ratio = (7)/(1) × 100
	62.2
	31.3
	49.4
	48.0
	



	11. Benefit-to-cost ratio = (1)/(4)
	2.6
	1.5
	2.0
	1.9
	







*, ** Denote the 5% (p < 0.05) and 1% (p < 0.01) significance levels, respectively. The letters (a, b, c) indicate significant differences.
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