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Abstract:



This research investigates the relationship between equitable water allocation, participation in the local irrigation operation, and improved economic well-being. The study area consisted of the rice-growing districts of Doi Saket and Mae On in Thailand’s northern province Chiang Mai, where locals have adopted a participatory farmer-managed irrigation system. The samples were 150 small-scale rice farmers who were divided into four groups by their membership: community irrigation (CI); community irrigation and enterprise (CIE); and farmland location (head-end or tail-end of the irrigation canal). The findings revealed a strong relationship between the three variables. Specifically, despite less advantageous farmland locations, the tail-end CI farmers outperformed in the dry-season and annual paddy yields per household. The higher paddy yields translated into higher household earnings. The improved economic well-being of the tail-end CI farmers could be attributed to their active participation in the local irrigation operation. Another contributing factor was equitable water allocation, which is the product of the farmers’ active participation as their irrigation demands and concerns are constantly acknowledged and addressed. Importantly, the findings verified the effectiveness and usability of the participatory irrigation system in tackling the problem of inequitable water allocation between the head-end and tail-end farmers. Moreover, the participatory irrigation scheme was readily implementable since it required no additional investment, only active local participation.
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1. Introduction


In general, the economic well-being of farmers is closely tied to the degree of their involvement in the management and allocation of irrigated water. The farmer-managed irrigation system contributes to higher agricultural yields and greater earnings. In other words, a positive correlation exists between an irrigation management system that encourages the participation of local farmers, and increased farm productivity and higher incomes [1,2,3,4,5,6,7,8,9,10].



By the 1990s, Thailand had decentralized the governance of natural resources, conferring greater responsibilities upon sub-district administrations and providing fiscal opportunities for local development planning [11]. Irrigation officials were in charge of involving the wider public in information and consultation in the water governance processes [12]. Participation in agricultural water management by farmers and local leaders were coordinated by government agencies at the local level, and subsequently developed a collaborative water distribution plan [11]. The success of an irrigation system is largely governed by the participative dynamics between the resource appropriators and other actors [13,14,15]. Moreover, participatory irrigation management promotes the equitable and sustainable use of water, and contributes to increased farm productivity and improved economic well-being [16]. Participatory irrigation management is ideal for successful and sustainable irrigation management [17] where the participation-based equitable water allocation and increased crop yields and earnings are positively correlated. The contributions of various stakeholders in working closely with irrigation policy and management (e.g., information and time schedule) of the local irrigation system are essential [17]. Furthermore, the participatory irrigation system safeguards the interests of other stakeholders with differing desires and purposes for water use [18].



The efficient and equitable water allocation between farmers at the head-end and tail-end of an irrigation network is crucial to the livelihoods and sustainability of the farming community along the irrigation network [19]. This is of particular concern as the farmlands near the head-end of an irrigation network normally benefit from the constant supply of irrigated water, whereas those towards the tail-end are often faced with irregular water supply. In fact, efficient irrigation practices have contributed to an increase in paddy yields [20,21,22,23,24,25]. In Thailand, rice is the essence of life. It permeates all aspects of the lives of people from all walks of life. The influence of rice is not only felt at the level of ordinary citizens, it also prescribes the roles and responsibilities of government leaders [26]. However, increasing population and consumer demand places more burden upon the world’s small-scale rice farmers. Rice production could be increased through better understanding of input-use efficiency and effectiveness [27]. Existing research on the relationship between equitable water distribution, participation in the local irrigation operation, and improved economic well-being of Thai farmers is very limited.



Therefore, this research investigates the relationship between equitable irrigation water distribution, the active participation of rice farmers in the local irrigation operation, and their economic well-being. The study area was the rice-growing districts of Doi Saket and Mae On in Thailand’s northern province of Chiang Mai, where the local residents have embraced the participatory farmer-managed irrigation system. The district of Doi Saket is located at the head-end of the Mae Kuang irrigation canal, and Mae On is towards the tail-end of the irrigation system. The samples included 150 rice farmers from the Doi Saket and Mae On districts. The rice farmers were divided into four groups according to their membership (i.e., a community irrigation (CI) member or a community irrigation and enterprise (CIE) member) and farmland location (i.e., head-end or tail-end of the irrigation system).



In this study, the CI members were local farmers who had mutually agreed to a set of rules and restrictions regarding irrigation water management, and participated in local irrigation operation and management. Their single source of income was from the sale of paddy rice to the nearby rice mills. In contrast, the CIE members were local farmers participating in the running of the local irrigation operation who sold paddy seeds through the local community enterprise and the leftovers to the local rice mills. The paddy seed community enterprise is a channel through which paddy farmer-members can efficiently supply (sell) their crops to various markets. Like the CI, the CIE members have agreed on a set of protocols regarding water allocation and management. Both CI and CIE groups selected for the questionnaire were registered with the government and relied on irrigated water from the left main canal of the Mae Kuang irrigation canal. However, unlike the CI, CIE members are provided with business information and access to different markets.




2. Materials and Methods


As stated previously, effectiveness and fairness of water allocation performance are important aspects of the economic viability of irrigation projects. The issues addressed in these performance parameters [28] include whether: (a) a sufficient volume of water is available to irrigate the crops being grown; (b) farmer groups are provided with an equitable water distribution service and their fair share of water; (c) water is delivered when it is needed, and at the required flow rate and duration; and (d) the water is effectively utilized [29]. The water-delivery-service performance measures deal with issues of water volume, flexibility (adequacy), reliability, and equity [30,31].



In this research, data collection was conducted using a questionnaire. Prior to the collection of data, a group of local farmers were informally interviewed to gather preliminary data for questionnaire development. The questionnaire included the respondents’ demographics, land use, access to irrigation, participation in the local irrigation operation, and income sources. In addition, data on farm size, paddy yields, their reactions on the current irrigation operation and practices, and the aggregate household incomes were collected. The research sample size consisted of 150 small-scale rice farmers. The participating farmers were divided into four groups consisting of 23 CI and 43 CIE head-end farmers, and 23 CI and 61 CIE tail-end farmers. The smaller sample of CI farmers (46 vs. 104) was attributed to the fact that many CI farmers travelled to the city or Bangkok to seek employment for supplementary income. The data collection was carried out from 2014–2015 through structured interview sessions using a questionnaire, and the results were aggregated based on the positive responses given by the participants [32]. The interview sessions were carried out with the assistance of the local office of the Royal Irrigation Department (RID) and Chiang Mai’s Cooperative Auditing Department (CAD).



The test statistics of the Exact Sig. (2-sided) and the Monte Carlo Sig. (2-sided) of Chi-Square, and linear regression correlations were used to analyze the relationship between the irrigation practices (i.e., equitable water allocation), the participation of the local farmers in the irrigation operation, yield and their household incomes. To examine the effectiveness and fairness of the water allocation, the research questionnaire undertook measurements along four dimensions: water volume, schedule flexibility, reliability and equality [30]. The statistical significance of the observed association was measured by the Exact Sig. (2-sided) and the Monte Carlo Sig. (2-sided) of Chi-Square test statistics. The Chi-squared test investigated differences between the population proportions for the different adaptation options. The Monte Carlo exact test was used as there were variables which had less than five responses. Regression (linear) correlation analysis was used for quantifying the general relationships between the variables. The regression analysis also examined the causal relationships between the quantitative variables.



The study area focused on the rice-growing districts of Doi Saket and Mae On in Thailand’s northern province of Chiang Mai, where the local residents have embraced the participatory farmer-managed irrigation system. Chiang Mai Province is 300 m above sea level and 700 km north of the capital, Bangkok. It is surrounded by high mountain ranges with a total area of 20,107 km2. The province consists of 25 districts, 204 sub-districts and 1915 villages. The district of Doi Saket is a rural agricultural area whose residents rely on rice growing for their livelihoods. The district is located at the head-end of the Mae Kuang irrigation canal, branching out from the Mae Kuang Udomthara reservoir. In contrast, the district of Mae On is located at the tail-end of the Mae Kuang irrigation canal. Like Doi Saket, Mae On is also a rural agricultural area with paddy fields accounting for a large proportion of land use, as shown in Figure 1.


Figure 1. Location map of the study area.
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The Mae Kuang Udomthara reservoir is an earth-compacted dam that receives water from the Mae Kuang River. The reservoir’s high, normal and low water levels are +387.80 m MSL (mean sea level), +385.00 m MSL; and +350.00 m MSL, respectively. Its normal capacity is 263 mcm and the highest and lowest capacities are 295 mcm and 114 mcm, respectively. The reservoir caters to an area of 46,880 ha [33].




3. Results


3.1. Demographics of Respondents


Table 1 tabulates the demographics and the average paddy cultivation land of the 150 sampled farmers. The majority of the respondents were male household heads with limited formal education. Despite large family sizes (family members >4); the average paddy field size was 1.92–3.04 ha per household.



Table 1. Demographics and average paddy cultivation land of the 150 sampled farmers.







	
Farmer

	
Gender

	
Educational Level

	
Household Members

	
Status in Family

	
Average Paddy Cultivation Land (ha)




	
Male

	
Female

	
Low

	
Medium

	
High

	
≤4

	
>4

	
Household Head

	
Resident






	
Head-end




	
CI (n = 23) (%)

	
23 (100)

	
0 (0)

	
19 (83)

	
4 (17)

	
0 (0)

	
6 (26)

	
17 (74)

	
21 (91)

	
2 (9)

	
2.08




	
CIE (n = 43) (%)

	
38 (88)

	
5 (12)

	
30 (70)

	
3 (7)

	
10 (23)

	
17 (40)

	
26 (60)

	
27 (63)

	
16 (37)

	
1.92




	
Tail-end




	
CI (n = 23) (%)

	
23 (100)

	
0 (0)

	
17 (74)

	
0 (0)

	
6 (26)

	
3 (13)

	
20 (87)

	
21 (91)

	
2 (9)

	
3.04




	
CIE (n = 61) (%)

	
54 (89)

	
7 (11)

	
41 (67)

	
7 (12)

	
13 (21)

	
21 (34)

	
40 (66)

	
37 (61)

	
24 (39)

	
2.40








Notes: The head-end and tail-end of the irrigation canal refer to the districts of Doi Saket and Mae On, respectively; and CI and CIE denote the community irrigation farmers and the community irrigation and enterprise farmers, respectively. The low, medium and high education levels denote lower than primary school, between primary and high school, and bachelor’s degree or above, respectively. The demographic values in the parentheses are the percentage of each group total.








Figure 2 presents the factors that the farmers perceived as causes of a yield gap (the discrepancy between the expected paddy yield and the actual yield). The farmers equally attributed the poor actual yield to the lack of community participation in the local irrigation operation and management (22%) and unfavorable weather conditions (22%), followed by sub-standard agricultural inputs (21%), the state’s inefficient operation and management of the irrigation system (19%), and harvest damage and loss (16%).


Figure 2. Causes of poor crop yields as perceived by the sampled farmers (% of total).
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Figure 3 illustrates the participating farmers’ responses (%) on the fairness of the water allocation practice, whereby the tail-end farmers would be unable to grow rice in the dry season due to insufficient water. The results indicated that 65% and 61% of CI and CIE head-end farmers viewed the practice as unfair to their tail-end counterparts; and 44% and 53% of CI and CIE tail-end farmers regarded it as unfair. Importantly, the findings imply that most farmers were willing to resolve the issue of inequitable irrigated water distribution and restore fairness in the community.


Figure 3. The respondents’ responses on the water distribution practice whereby the tail-end farmers would be unable to plant the dry-season paddy, where NO = unfair and YES = fair (in % of group total). The Exact Sig. (2-sided) of the Chi-square test statistics is significant at 5% level (χ2 = 14.531, df = 6, P-value < 0.05).
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Figure 4 presents the farmers’ perceptions regarding the predictability and adequacy of the irrigated water. The high levels of predictability contribute to better decisions in water utilization [34,35]. In Figure 4, 22% and 10% of CI and CIE tail-end farmers, despite the disadvantageous location of their farmlands, perceived that availability of the irrigated water was predictable and adequate, whereas only 9% and 7% of CI and CIE head-end farmers did. Predictability is the key to the perceived adequacy of water supply [36]. In fact, further observations revealed that the local leaders of the CI tail-end farmers played a crucial role in the allocation and scheduling of the irrigated water.


Figure 4. The respondents’ perception of the predictability and adequacy of the irrigated water (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 16.769, df = 6, P-value = 0.01).
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3.2. Evaluation of Water Distribution Service to Individual Farm Units


Figure 5, Figure 6, Figure 7 and Figure 8 illustrate the sampled farmers’ responses (%) on water allocation and distribution along four dimensions: water volume, schedule flexibility, reliability, and equality, respectively.


Figure 5. The respondents’ knowledge of water volumes demanded by and supplied to their farmlands, where 4 denotes full knowledge of the water volume whereas 0 denotes no such knowledge and instead relies on traditional wisdom (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 34.004, df = 9, P-value < 0.01).
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Figure 6. The respondents’ responses on irrigation schedule flexibility, where 4 denotes very flexible and 0 denotes inflexible (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 44.725, df = 12, P-value < 0.01).
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Figure 7. The respondents’ responses on the reliability of water distribution, where 4 denotes very reliable and 0 denotes unreliable (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 82.697, df = 12, P-value < 0.01).
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Figure 8. The respondents’ responses on the equality of water distribution, where 4 denotes equitable and 0 denotes inequitable (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 54.063, df = 12, P-value < 0.01).
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Specifically, Figure 5 compares the participating farmers’ responses (%) on their knowledge of the water volumes demanded by and supplied to their farmlands. The results showed that as many as 78% and 87% of head-end and tail-end CI farmers lacked “scientific” knowledge on water volumes as they relied on traditional wisdom. Meanwhile, 63% and 46% of head-end and tail-end CIE farmers had minimal “scientific” knowledge of water volumes.



Figure 6 illustrates the farmers’ responses on the flexibility of the water distribution schedule. The flexible irrigation system contributed to a degree of continuity in daily water distribution [37]. In Figure 6, 61% (4% + 57%), 48% (18% + 30%), and 35% (9% + 26%) of head-end CI, tail-end CIE and CI farmers rated the current irrigation scheduling as very flexible and supple, indicating their high satisfaction with the flexibility of the current water distribution schedule to matches their water demands.



Figure 7 illustrates the farmers’ responses on the reliability of water distribution to their farmlands. The findings revealed that 53% of head-end CIE farmers viewed it as unreliable; and that 61% and 66% of tail-end CI and CIE farmers perceived that the distribution of the irrigated water was relatively unreliable. The unreliable water delivery of the state-controlled irrigation system contributed to the local farmers’ inability to grow crops and hostile sentiment [38]. However, significant portions of water are absorbed by the soil or evaporated by heat, leading to significant water loss during transport. This problem could be mitigated by the construction of concrete irrigation channels [39].



In Figure 8, the farmers’ responses (%) on the equality of water allocation revealed that most farmers perceived the current water distribution practice as equitable. The results indicated that 74% (13% + 61%) and 67% (2% + 32%+ 33%) of head-end CI and CIE farmers, and 69% (39% + 30%) of tail-end CI farmers rated the current water allocation practice as equitable. Equitable water allocation and distribution is critical to the success and sustainability of the farmer-managed irrigation system [40].




3.3. Participation in the Irrigation Operation


Figure 9 graphically presents the farmers’ participation in the local irrigation operation and maintenance and their sense of ownership in the local irrigation system. As many as 91% of tail-end CI farmers, whose paddy yields and income from the paddy sale were the highest, actively participated in the operation and maintenance of the local irrigation system, compared with 65% and 21% for head-end CI and CIE farmers.


Figure 9. The respondents’ participation in the local irrigation operation and their sense of ownership (in % of group total). The Exact Sig. (2-sided) of the chi-squared statistics are significant at the 5% level (χ2 = 32.356, df = 3, P-value < 0.05 for regular irrigation maintenance and χ2 = 11.7743, df = 3, P-value = 0.05 for the sense of ownership).
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The effective maintenance of the irrigation canals requires labor contributions from the local residents [4]. In this research, it was found that all four groups of farmers were given the responsibility by their local leaders to maintain a certain length of the irrigation canal, corresponding to the location of their farmlands. However, the head-end CI and CIE farmers contributed little to the maintenance of the irrigation system, given the advantageous location of their farmlands and the constant supply of irrigated water with minimal effort. The efficiency of an irrigation system is positively correlated to the appropriators’ self-governing abilities and their individual level of participation [41]. In addition, with regard to a sense of ownership in the local irrigation system, as many as 92% of tail-end CI farmers agreed that the long-term sustainability of the local irrigation system was the responsibility of every local resident, indicating a strong sense of ownership. Thus, a sense of ownership is the key to the success of a participatory irrigation management [42].



Figure 10 presents the farmers’ responses (%) on the issues of the impact of irrigation policy change, their understanding of irrigation policy and practices, irrigation schedule, and water allocation information sharing. On the first issue, only 8% of tail-end CI farmers were affected by changes in the irrigation policy due to their active participation in the local irrigation operation, thus enabling them to be better prepared. Meanwhile, as many as 45% of head-end CIE farmers were affected by changes in the water distribution policy, a phenomenon most likely attributable to their low participation in irrigation operation and management, making them slower to adjust. On the second issue, 36% of tail-end CI farmers were aware of current irrigation policy and practices, due largely to their active participation in the local irrigation operation and management, followed by head-end CI farmers (27%), tail-end CIE (19%) and head-end CIE farmers (18%).


Figure 10. The respondents’ responses on the issues of impact from irrigation policy change, their understanding of irrigation policy and practices, irrigation schedule and information sharing (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistics are significant at the 1% level (χ2 = 61.527, 50.983, 38.764 and 35.483 for the first, second, third and fourth issues, respectively; and the df and P-value are 12 and <0.01).
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On the issue of the irrigation scheduling, the four groups of farmers similarly agreed that information regarding the opening and closing of the water gates by the local irrigation office was provided in a timely manner. Specifically, 31% of tail-end CI farmers agreed on this point, followed by head-end CI (26%), tail-end CIE (23%) and head-end CIE (20%) farmers. On the last issue, as many as 37% of tail-end CI farmers frequently discussed irrigation-related problems and concerns with other farmers to find solutions, followed by head-end CI (28%) and CIE (18%), and tail-end CIE (17%) farmers.



The participation of local farmers in the maintenance and operation of the local irrigation system contributes to irrigation sustainability and the higher crop yields [43,44,45,46]. Irrigation management strategies formulated and implemented by the farmers proved more successful and sustainable than the state-initiated irrigation strategies [47]. Moreover, the statistical test results of the linear regression correlations showed that the farmers with higher paddy yields are those who actively participated in the local irrigation operation (Table 2).



Table 2. Relationship between farmer information sharing of water allocation/active participation in irrigation operation and agricultural yields (ha/ton).







	

	
Number of Respondents

	
Pearson Correlations of Linear Regression

	
ANOVA




	
Paddy Yield in Dry-Season

	
Annual Paddy Yields

	
Mean Square

	
F

	
Sig.






	
Active participation in the irrigation operation and maintenance

	
150

	
0.37

	

	
40.29

	
22.71

	
0.000




	
150

	

	
0.33

	
15.38

	
14.92

	
0.000




	
Farmer information sharing of water allocation

	
150

	
0.23

	

	
16.05

	
8.28

	
0.005




	
150

	

	
0.27

	
12.44

	
11.83

	
0.001











3.4. Yield Performance and Agricultural Income


Figure 11 and Figure 12 illustrate the dry season paddy yields per household and the annual paddy yields per household of the four groups of farmers, respectively. Contrary to conventional notion, the tail-end CI farmers outperformed both the head-end CI and CIE farmers in dry season paddy outputs per household (Figure 11), and entire year paddy yields per household (Figure 12).


Figure 11. The respondents’ dry-season paddy yields per household (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 36.863, df = 12, P-value < 0.01).
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Figure 12. The respondents’ annual paddy yields per household (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 35.665, df = 15, P-value < 0.01).
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These findings could be attributed to equitable water allocation and distribution among the tail-end CI farmers (Figure 8), which is the direct result of their active participation in the local irrigation operation and management (Figure 9). Specifically, in Figure 11, as many as 30% of tail-end CI farmers achieved an average dry season paddy yield of more than 18 tons per household, despite the less advantageous location of their farmlands. In Figure 12, nearly two-thirds (64%) of tail-end CI farmers could produce in excess of 19 tons of paddy rice per household annually.



Figure 13 illustrates the total household income from the sale of paddy rice of the participating farmers. The sale of paddy rice is the main source of income of small-scale farmers in many poor agricultural countries [48]. In Figure 13, as many as 39% of tail-end CI farmers could generate household income from the sale of paddy in excess of THB 300,000 (1 USD = THB 35).


Figure 13. The respondents’ annual household income from the sale of paddy rice (in % of group total, 1 US$ = THB 35). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 16.409, df = 12, P-value > 0.01).
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The improved household income was attributed to effective water distribution (i.e., flexible, reliable and equitable water distribution) and their active participation in the local irrigation operation, resulting in greater paddy yields. However, despite the advantageous location of their farmlands, 9% and 5% of the head-end CI and CIE farmers earned less than THB 50,000 per household from the sale of paddy rice. It is worth noting that the family size of the head-end CIE group was relatively small, with households with fewer than four family members accounting for 40% of the total; and that their average paddy cultivation land per household was only 1.92 ha (Table 1). Higher farmland productivity contributed to higher income for the farmers, and thereby the decline in poverty [5,49].



Figure 14 presents the annual household agricultural income from other sources of the participating farmers (other than the sale of paddy rice to the local rice mills). The findings revealed that both the head-end (96%) and tail-end CI (100%) farmers hardly had any sources of income other than from the sale of their produce to the local rice mills. In contrast, the head-end (51%) and tail-end (17%) CIE farmers could earn additional income from other sources.


Figure 14. The respondents’ household agricultural income from sources other than the sale of paddy rice (in % of group total). The Monte Carlo Sig. (2-sided) of the chi-squared statistic is significant at the 1% level (χ2 = 62.696, df = 15, P-value < 0.01).
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4. Discussion


The evaluation of the water distribution service to individual farm units demonstrated that water volume information of the respondents’ knowledge (Figure 5) was vital to rice cultivation given that it is imperative that the rice fields are adequately flooded prior to rice planting. Given the low level of education, the likelihood that the farmers’ experience-based knowledge (i.e., traditional wisdom) to be less precise was greater than if the evaluation was conducted using a rating scale [34]. Interestingly, despite a lack of scientifically measured information, the farmers’ traditional wisdom consistently proved correct. Training of local farmers as part of the process is crucial [50]. The respondents’ responses on the irrigation schedule flexibility, illustrated (Figure 6) that water distribution scheduling flexibility was important as the water flow rates vary considerably at the beginning of the planting season (the land preparation period) and once the rice has been planted [51]. Even within the same locality, rice cultivation could take place at different times during the growing season. Thus, it is necessary that schedule flexibility is integrated into irrigation operation and management to ensure consistent water supply throughout the entire irrigation system.



Furthermore, our observations also revealed that local community leaders played a vital and influential role in effective and equitable water allocation to the farmlands. The local leaders are the first contact point whom the farmers approach when a water distribution issue arises, e.g., unreliable or inadequate water volumes. When farmers are unable to agree on a mutual solution to a water distribution problem, they tend to seek interventions from the local leaders [52]. In this research, it was discovered that, upon listening to a complaint, the local leaders raise the issue with the local irrigation officials responsible for the operation of the primary irrigation canal, as the local leaders and farmers are responsible for the secondary and tertiary irrigation canals, respectively [53].



The farmer-managed irrigation system (FMIS) is efficient and can achieve equitable water distribution, as opposed to the agency-managed irrigation system (AMIS) [54]. The farmer-managed irrigation system can better serve the irrigation needs of the local residents. However, water allocation performance is better with the local government, and funds are available for customizing allocation to fit local conditions and providing irrigation advisory (extension service) to farmers [55].



Participation in agricultural water management by the local people is coordinated by government agencies at the local level. Local government agencies developed the working plan of operation and maintenance of the local irrigation system in collaboration with local leaders and farmers [11]. The farmers’ contributions to the maintenance and repair of the local irrigation system are essential to a successful participatory irrigation scheme [17]. In addition, farmers participating in the irrigation operation have greater access to farming water, and subsequently increased income [56]. These findings can be attributed to the equitable water allocation and distribution (in timely fashion) among the tail-end CI farmers (Figure 8), which are the direct result of their active participation in the local irrigation operation and management (Figure 9); on the other hand, 21% and 58% of head-end CIE farmers had less active participation and a sense of ownership, respectively. The local agency is instrumental in deciding the working days, determining the labor and cash contributions of the farmers to clean the canals and to organize making these issues routine [57]. The local agency motivates to improve participation that contributes to improving the performance of fair water allocation. Upgrading maintenance standards is also a necessary part of irrigation development.



Specifically, in Figure 11, as many as 30% of tail-end CI farmers achieved an average dry season paddy yield of more than 18 tons per household, despite the less advantageous location of their farmlands. In Figure 12, nearly two-thirds (64%) of tail-end CI farmers could produce in excess of 19 tons of paddy rice per household annually. The improved household income is attributed to the effective water distribution (i.e., flexible, reliable and equitable water distribution) and the tail-end CI farmers (mostly from higher socio-economic status) actively participating in the local irrigation operation, resulting in greater paddy yields (Figure 13). Therefore, higher farm productivity contributes to higher income for the farmers and thereby the decline in poverty.



Nevertheless, despite the advantageous location of their farmlands, 9% and 5% of head-end CI and CIE farmers earned less than THB 50,000 per household from the sale of paddy rice. The members and their community leaders have begun to explore new marketing channels and other activities to add value to their rice product (Figure 13). In comparison, the CIE farmer group could earn additional income from other sources as community enterprise membership provides CIE farmers with access to other marketing channels and new markets. The small community enterprises run by a large group of sophisticated proprietors are more successful than those endowed with a smaller stock of human capital [58,59,60].



Overall, our research findings revealed a strong relationship between effective irrigation operation, active participation by farmers in the irrigation operation, and their household earnings. The findings indicated that, by comparison, the tail-end CI farmers outperformed economically, as evident in the fact that 30% and 64% of tail-end CI farmers could produce more than 18 tons of dry season paddy, and more than 19 tons of paddy per household annually. Their improved economic well-being could be attributed to their active participation in the local irrigation operation, whereby 91% of tail-end CI farmers actively participated in the local irrigation operation and 92% expressed a sense of ownership in the system. The effective and equitable irrigation water allocation also contributed to the higher crop yields and household income as the farmers’ irrigation demands and concerns were recognized and addressed as a result of their active participation. Therefore, local policy-makers need to duly recognize the value of participation and to promote a profound change in government officers’ attitudes towards local leaders and farmers. Moreover, it is a testimonial to the possibility of collective action under self-governing institutions, and aims at a solution in the ever-increasing sector to achieve the full potential of public sector irrigation performance. Identifying the factors that contribute to effective water management by local leaders can make a valuable contribution in determining where the added efforts are needed. The implication of this study for local level participation to be more effective is organization of joint participatory training of the FMIS and AMIS farmer leaders facilitated by local agencies and irrigation officials, which eventually ensure that indigenous level management is integrated in such trainings.



The research findings are expected to shed light on the relationship between the participatory farmer-managed irrigation system, the active participation in the local irrigation operation, and the economic well-being of small-scale farmers in Thailand, in light of the fact that existing publications on this topic are mostly based in other countries. Moreover, the findings verify the effectiveness and usability of the participatory farmer-managed irrigation system in tackling the chronic problem of inequitable water allocation between head-end and tail-end farmers, given that water distribution inequality contributes to unequal household incomes. Importantly, the participatory farmer-managed irrigation scheme is readily implementable as it requires no additional financial investment and new technology, but rather the active participation of the local farmers in irrigation operation and management.



This empirical research, nevertheless, contained certain limitations. Given that the study period was limited to two years (2014–2015), the length of time needs to be extended in future research so that an understanding of the relationship between equitable water distribution, local active participation, and economic well-being can be established over a much longer timeframe. In addition, the study area was limited to one province (Chiang Mai Province), so future research should encompass several provinces in different regions of the country for inter-provincial and inter-regional comparison.




5. Conclusions


This research investigated the relationship between equitable irrigation water distribution, rice farmers’ active participation in the local irrigation operation, and their economic well-being. The research findings revealed a strong relationship between effective irrigation operation (i.e., flexible, reliable and equitable irrigation water distribution), the active participation of the rice farmers in the local irrigation operation, and their improved household earnings. Specifically, despite their less advantageous farmland location (towards the tail-end of the irrigation canal), the tail-end CI farmers outperformed other groups of farmers economically, as evidenced by the fact that as many as 30% of the tail-end CI farmers (vs. 26% for the head-end group) could produce more than 18 tons of dry season paddy per household; and that 64% of tail-end CI farmers (vs. 52% for the head-end group) could produce more than 19 tons of paddy per household annually. The higher paddy yields translated into higher household earnings for the farmers.



The improved economic well-being of the tail-end CI farmers was attributed to their active participation in the local irrigation operation and management, as evident in the findings that 91% of tail-end CI farmers actively participated in the maintenance and operation of the local irrigation system; and that 92% literally identified themselves as an owner of the irrigation system. Another contributing factor of higher paddy yields and household income was the equitable irrigation water allocation and distribution (39% of tail-end CI farmers perceived water distribution as equitable), which is was the product of the farmers’ active participation in the local irrigation operation as their irrigation demands and concerns were constantly recognized and addressed.
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