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Abstract

:

Improving irrigation performance is crucial for increased agricultural productivity. As an indicator of performance, among other factors, improving the water Fees Collection Rate (FCR) is required, but FCR has remained low in most African and Asian countries. In this research, taking the Doho rice scheme in Uganda as a case study, we analyzed the relationship between water sufficiency and FCR. We hypothesized that FCR is influenced by the hydraulic position of the paddy field along the canal. We then used quantitative data for analysis through multiple regression. Later we used qualitative data obtained through interviews for additional explanations of water management activities. As a result, the FCR decreases from upstream to downstream at block, strip, and plot levels; the FCR decreases linearly with an increase in the delivery canal length; the FCR is higher in strips with fewer plots, and FCR is higher within the rotational irrigation blocks. We concluded that inadequate water supply due to high hydraulic positions resulted in low FCR downstream at all the canal levels. To improve FCR, we recommend blending water management activities that secure farmers’ agreement with onsite technical measures to counter the effect of hydraulic positions such as shorter strips and rotational irrigation.
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1. Introduction


In Asian and African developing countries, there is a need to increase the production of cereals that require large areas of land and large amounts of water to cope with the rapid population growth [1]. However, there is limited land and water suitable for these crops, and efficient irrigation is becoming increasingly important to increase production in the future [2]. Irrigated rice, a crop generally grown in conditions of water abundance, receives an estimated 34−43% of the world’s irrigation water [3]. Yet, unlike other grains, in paddy rice, yield damage due to excessive water is minimal, prompting upstream farmers to draw a lot of water depriving downstream users [4].



For efficient and sustainable irrigation, it is crucial not only to construct irrigation facilities but also to manage the facility for effective water allocation [5]; the World Bank has recommended Participatory Irrigation Management (PIM) and the Joint Water Management (JWM) method since the 1980s [6]. Under this arrangement, beneficiary farmers supported by governments establish and manage irrigation organizations while bearing their operation and maintenance (OM) costs by paying water fees [7]. However, there are few cases where PIM and JWM have been entirely successful [8]. In addition, reports indicate that water fee collection rates (FCRs) are often low [9], especially in Sub-Saharan Africa, where large-scale irrigation development is proceeding rapidly [10]. The FCR is low, partly due to their lack of experience in irrigation management, and improving this collection rate is a significant challenge [9,11].



Like many Sub-Saharan African countries, irrigation development is a priority in the national development plan in Uganda. The government intends to raise rice yield from 1.8 to 4.5 tons with an additional 1.5 million hectares brought under irrigation by 2040 [12,13]. As part of the national development plan, the government borrowing from donors has improved several rice schemes to increase water sufficiency, productivity, and cost recovery [13]. In all the rice schemes constructed by the government, as part of the implementation agreement, the government must implement PIM systems by forming water users’ associations (WUAs) to shoulder OM costs and ensure sustainability [13,14]. As an indicator of effective and sustainable irrigation, among other factors, improving the FCR and irrigation cost recovery is required [15]. Still, FCR has remained low in all the irrigation schemes in Uganda [13,16].



Several studies have discussed the importance of farmers’ payment of OM fees. For example, the users’ bearing of OM costs increases ownership of the scheme and positively affects the overall irrigation efficiency [17,18]. From the perspective of managing public goods, there is great importance for farmers bearing OM costs [19]. The OECD has also raised the importance of full cost recovery by farmers for efficient resource allocation through market principles and equitable international trade. A better incentive to farmers for increased water access is the sure way for high OM FCR and sustainability of irrigation schemes [1,2,5,6,20,21,22].



Regarding the reasons why the FCR remains low and measures to improve it, many papers point out that the economic benefits of irrigation are lower than the OM costs and, therefore, efforts are needed to raise benefits [23,24,25,26]. For example, the international water management institute (IWMI), in the analysis of the performance of WUAs based on total cost recovery and user participation, found that farmers have no incentive to pay user fees in Sub-Sahara Africa [9]. When farmers primarily make a living from agriculture, they would be more willing to pay OM costs if the reliability of irrigation water supply for agricultural products is ensured [27]. Further, in Uganda, farmers’ willingness to pay (WTP) is related to whether farmers pay OM fees [22,28]. Further, WTP differs between upstream and downstream farmers, and government subsidies for OM costs can improve FCR under uniform OM cost-sharing by farmers [29].



In addition, many other case studies of irrigation management in developing countries have pointed out the problem of low FCR [11,14,17,27,30,31,32,33]. However, most of them are limited to the issue of low FCR in large irrigation schemes as a whole. There are few research analyses of FCR among and within small irrigation blocks within irrigation schemes. If farmers’ OM payments are related to farmers’ WTP, it should have a lot to do with the availability of adequate water for individual farmers. The FCR of a canal may be lower downstream in the canal at all levels, but few studies have sought actual FCR from such a perspective. In the case of large irrigation schemes, canals are divided like a tree branch, and sub farmers’ organizations are often aligned to the tree branches; it is thus necessary to analyze the FCR distribution of canal levels for effective future improvements.



In this study, we selected the Doho rice irrigation scheme in Uganda; quantitatively, using multiple regression analysis, we determined the relationship between FCR and the hydraulic position of the paddy plot along the water supply canals. As an additional explanation of the results, we analyzed the relationship between FCR and water management activities qualitatively through interviews. We then drew policy recommendations for realizing higher FCR through increasing water sufficiency downstream.




2. Materials and Methods


2.1. Study Area


Doho, shown in Figure 1, was selected as the study area. It was developed in 1976 in phases as a large-scale paddy irrigation scheme for technology adoption with the support of the Chinese government. It is 1000 ha with around 3840 beneficiary farmers and 11 irrigation blocks drawing water from R. Manafwa. Each block has 8–30 strips, and each strip has between 4 and 80 plots. The government operates the main headworks up to tertiary gates, while farmers operate gates inside the blocks. Doho initially was fully managed by the government with support from Chinese experts; farmers had minimal roles in the daily management [34]. Doho has two planting seasons in a year; the OM fee is about 74 USD/hectare/year, about 1.5 % of the farmers’ gross rice income.




2.2. Method


Coupled with other water management activities, sufficient water supply to farmers influences the water fee collection rate [35,36,37,38,39,40,41,42,43], a fact many researchers have confirmed. However, in this context, we inferred that sufficient water supply to the farmer is mainly influenced by the hydraulic position along the water supply canal. Further, other farmers’ water management activities play a role.



The hydraulic position of a paddy plot along the canal directly influences the water sufficiency, and water sufficiency influences the farmers’ willingness to pay irrigation fees. At the field level, it is expected that the water sufficiency to farmers generally varies upstream and downstream of the irrigation canal due to upstream farmers’ water withdrawal and head losses in the conveyance canals [29]. The hydraulic position along the canal in this context is the location of the intake point from the 1st to the nth intake along the water supply canal; nth is the last block, last strip, or last plot. Regarding water availability, the lower hydraulic position has the most advantage, the midstream moderate, and the higher hydraulic position has the least advantage.



Main proposition:

Water sufficiency is the basis of FCR, and it is related to the hydraulic position of irrigated areas along canals. At all canal levels, the hydraulic position of the irrigated area along the canal directly influences the water fee collection rate.





For this field-based study, with a blend of complex and diverse issues at play, we adopted a mix of quantitative and qualitative analysis methods. The mixed-method was adopted because using a single approach would have provided a distorted image of the reality [44,45] and made our findings seem very biased. Moreover, the mixed-method is a recent innovation and helps lessen bias since all research processes have underlying biases [46,47,48]. Therefore, we adopted the exploratory sequential design, where we first analyzed quantitatively. The results from the quantitative analysis triggered the qualitative research, and the final interpretation was in both contexts.



As shown in the research process logical flow in Figure 2, we investigated the relationship of hydraulic position along canals to FCR and, later, as an additional consideration, investigated water management activities through interviews. Quantitatively, by plotting the distribution of FCR for each farmer group at three canal levels and using multiple regressions analysis, we established the relationship between FCR and hydraulic position along the canal. Qualitatively, through interviews with WUAs leaders, we examined the associations between FCR and other water management activities.



2.2.1. Effect of Hydraulic Position among Irrigation Blocks


The data obtained for this analysis includes a water payment list and a farmers’ register for all 11 irrigation blocks. The payments list was used to compute the actual water fees collected and based on the total cultivated area in the farmers’ register, the total expected water fees were calculated. With the expected and collected amount from each block, the fee collection rate for each block was computed, tabulated, and graphically presented. We also analyzed the variation of FCR with hydraulic position along the secondary canal.


   FCR  %    =      Actual   fee   collected     Water   fee   expected    × 100     Water   fee   expected    USD     =    cultivated   area  ×    fee  / hectare / year   












2.2.2. Effect of Hydraulic Positions on FCR within the Blocks


Using the water payment list and farmers’ register for eight blocks verified on the ground, we executed the impact of hydraulic position along the canal on FCR at the strip and plot level within the block. We also examined the effects of strip length and rotational irrigation on FCR.



Tertiary canals serve water to the last terminal canals (“Strips”); each tertiary canal within a particular block has a different number of strips. The strips were ranked from upstream to downstream in terms of water advantage.



Using paying and non-paying plots from each strip, the FCR of each portion along the strip was obtained, plotted, and compared. A further analysis of hydraulic position along the canal on FCR was performed using multiple regression analysis in MS Excel


  Y   =    a 1   x 1  +  a 2   x 2  +  a 3   x 3  + ⋯ … ..  a n   x n   











The dependent variable Y is FCR, and the independent variables (x1–xn) include block position, strip number, and plot group numbers.



For the effect of the hydraulic position of paddy fields on FCR along the strips/among plots, the paddy fields were lumped into groups of 10 plots along the strip, divided into upstream, midstream, and downstream, each containing at least ten plots. The first 10 plots are group1, and the second 10 plots are group 2.



For the influence of strip length on FCR, theoretically, the longer the last terminal canal, the more water intake points it will have. The more users to be served water, mean more inconveniences and social issues to handle. Implying longer canals can result in water insufficiency. We then analyzed the relationship between FCR and strip length (corresponding to the number of plots along a given strip). Lengths of strips were first grouped into three categories; <20 plots, between 21 and 50 plots, and >51 plots. The FCR of each category was computed for analysis.




2.2.3. Water Management Factors Affecting Water Sufficiency


Many non-technical factors can influence water sufficiency. In Doho, previous research shows a well-functioning water distribution schedule is established among the irrigation blocks, and water distribution follows the set rules [22,34]. At the same time, no sufficient data and analysis within the blocks have been performed. Therefore, we conducted field interviews with irrigation managers and farmers inside each irrigation block to compare the differences between blocks and examine their impact on FCR.



The performance of the blocks in water management issues, including the commitment and enthusiasm of block leaders, inter-strip block rotations, and frequency of meetings to resolve water issues, were investigated. The ranked results were then summarized in a table form.



We held focus group discussions with the production coordinator, the farmer’s chairman, the block chairmen, block extension workers, and the strip leaders. The production coordinator and water guard are technical resident government staff in Doho, while the extension staff are technical staff employed by WUA. The farmer’s chairman is the democratically elected overall leader of all the farmers, while the block and strip leaders are elected leaders of the blocks.



Except for block leaders, each of the interviewed leaders was asked to rank the performance of the blocks in water management issues, including the commitment and enthusiasm of block leaders, inter-strip block rotations, and frequency of meetings to resolve water issues. The ranked results were then summarized in a table form.





2.3. Data


We obtained both quantitative and qualitative data between April and May 2020 at the Doho irrigation schemes, as summarized in Table 1. Quantitative data were used to analyze the effect of hydraulic positions along the canal on FCR among and within irrigation blocks. The qualitative data for eight blocks were used to explain the relationship between FCR and water management in some paddy field areas. Data for all the 11 blocks were used for analysis among the irrigation blocks. Eight blocks located upstream and downstream were utilized for analysis inside irrigation blocks.



2.3.1. Effect of Hydraulic Position on FCR among Irrigation Blocks


The quantitative data obtained for analysis includes each block’s water fees payment records. Fee payment records are made yearly by the WUA technical staff in Doho. The fee payment record is for about 3840 farmers; it has a date of payment, the fee paid, and the area cultivated but no address.




2.3.2. Effect of Hydraulic Position on FCR within Each Block


The payment list and farmers’ register data for eight blocks located upstream and downstream were used for analysis inside irrigation blocks. The farmers’ register is a cadastral register for farmers that includes names, farm size, addresses, and plot location along a particular strip. The eight blocks used, representing more than 79% of total data for this analysis, were mainly because of the ease of getting the cooperation of block leaders for field verification. They must be distributed in the upstream and downstream areas. For locating the plots that were complying with water fees, the payment list was superimposed on the farmers’ register, as shown in Table 2, yielding two categories of paying farmers.



Factoring the number of farmers who paid but did not appear on the farmer’s register, the percentage of farmers who paid and were traced on the register was calculated. Only blocks with a ratio above 75% were considered for further analysis within the blocks; in that regard, we dropped block 1A.



To set an analysis database for each irrigation block, we established the hydraulic position of plots by confirming the canal maps on the ground. Hydraulic position in this context is the classification of a particular paddy field in terms of upstream, midstream, and downstream concerning water access advantage. Using google earth, we prepared canal maps, as shown in Figure 3. For the entire scheme, using the farmer’s register, GPS, and block leaders’ guidance, the actual canal maps and farmers’ plots were verified and checked on the ground. Combining the canal maps, farmers’ register, and payment list, we produced the FCR database with each paddy plot having a unique code, as shown in Figure 4 for further analysis. The code includes the numerical hydraulic position of blocks, strips, and plots (B, S, P).






3. Results


3.1. FCR among the Irrigation Blocks


As shown in Figure 5, there is a general decrease in FCR from upstream to downstream. Implying block location positively impacts the farmer’s response to paying water fees. The FCR is not decreasing linearly straight from upstream to downstream with a slight deflection in the midstream, but the trend is observed.



The graphical relationship and simple regression analysis of block FCR with the distance of the head canal from the main headworks were also performed, as shown in Figure 6. At a 95% significance level, there is a positive relationship between FCR and the distance of the head canal. A longer head canal implies more head losses in the head canal as water moves, meaning the length of the head canal reduces the water sufficiency downstream, and hence there is lower FCR downstream.



A previous study to evaluate the hydraulic performance in Doho found inequity in the water distribution between downstream and upstream Doho [39]. Our analysis finds that the hydraulic position of the block along the secondary canal influences FCR upstream and downstream. Since location is a common denominator in both studies, we infer that farmers’ sufficient water supply affects FCR.




3.2. FCR within the Irrigation Block


3.2.1. Effects of Hydraulic Position on FCR along Tertiary and Strip Canals


As shown in Figure 7, the results of variations of FCR within the surveyed blocks are presented. There is a general decrease in FCR downstream of the tertiary and strip canals. This is evident by the increase in the intensity of the block group of FCR < 40 and 40 < FCR < 60 in the downstream areas at all canal levels.



Figure 8a shows the sample data for regression, and the multiple regression output is shown in Figure 8b.



At a 95% significance level, highlighted in yellow in Figure 8b (p-value < 0.05), block location x1, strip location x2, and plot location x3 positively correlate to FCR. The multiple regression output backs the inter strip and inter-plot FCR distribution inside the block shown in Figure 6.




3.2.2. Influence of Strip Length on FCR


The analysis of the impacts of strip length on FCR is summarized in Figure 9a and graphically plotted in Figure 9b. The average fee collection rate increases with a decrease in the total number of plots along a particular strip in all the blocks.



The FCR of each strip category decreases towards downstream blocks. The average FCR of strips with less than 20 plots is consistently higher than the average block FCR; the average FCR of strips with 21–50 plots is almost the same as block FCR, and the average FCR of strips with plots >51 is lower than block FCR. Lowering the number of plots along a particular strip to an optimum number of fewer than 50 plots will increase the ease of water distribution [49,50] and improve water sufficiency and thus the FCR of each respective block.



The proposed number aligns with Dunbar’s layers of numbers in real life of face-to-face interaction. According to Dunbar, successive layers include 15 (good friends), 50 (friends), and 150 (meaningful) [49]. It is thus crucial for designers to factor in the optimum length of each canal at the design stage to enable better water distribution, better water sufficiency, and higher FCR.




3.2.3. Influence of Inter Strip Rotation on FCR


Interstrip block rotational irrigation exists in blocks 1B and 2B. It is thus expected that in these two blocks, the impacts of strip and plot location are relatively small. We executed a multi regression analysis to see the effects of block rotations. In both blocks, the influence of strip location diminishes from influencing water sufficiency and FCR, while the plot factor persists in both but is weaker in block 1B. The plot could be a factor because block 2B is the most downstream block, implying that even with perfect rotation, the water sufficiency of the block is still hampered due to its location downstream.





3.3. Water Management Factors Influencing FCR


The results of the field investigation and interviews on the water management of each block are shown in Table 3. The table shows that whereas the hydraulic position factor is the most dominant influencing FCR, other water management factors also play a role in FCR [7,17,51,52,53,54,55]. The commitment of block leaders, the flexibility of schedules, and the frequency of meetings can also strengthen water sufficiency in blocks, as evidenced in 1B.



Block 5B, though midstream, could be doing fair because of the consistency of monthly meetings between leaders and farmers. In 2B, though inter-strip rotation exists, this factor is outweighed by hydraulic position dominance. Table 2 also shows that water sufficiency can not only be enhanced with physical infrastructures alone but also with institutional mechanisms that enforce water management.





4. Discussion


4.1. Distribution of FCR and Its Factors


Although the average FCR in the Doho rice scheme is low at 55%, we found that the FCR of each area in the irrigation district is not uniform and varies according to the hydraulic position of the paddy field along the canal. The FCR downstream is low, and the FCR is high upstream at all canal levels. Previous research in Doho found that the tail reaches of canals suffer in performance with adequacy, dependability, and equity [39]. This result thus suggests that water sufficiency in the downstream area is low at all canal levels.



In Doho, water allocation management organizations differ within and between blocks, complicating swift agreement between the tail and head since the head of the system resists changes. The following sections discuss the factors contributing to low water sufficiency in each area.



4.1.1. Among Blocks


For equal water distribution, the WUA has a well-organized system with a weekly rotation irrigation schedule and rules [34]. There are just 11 division gates and five check gates, making water distribution control easier. These 11 gates are never broken and are easily operated and watched by two government field staff. WUA also has a frequently revised monitoring-feedback system for water distribution



The results from our study show a decrease in FCR with an increase in head canal length along the secondary canal. Other studies also confirm the actual amount of water distributed to the downstream blocks is low in Doho [21,22,39]. Hydraulics performance evaluation shows a 32% water delivery loss through secondary channels [42]. As confirmed by our results and supported by other studies, water insufficiency would still exist downstream without consideration for head losses in scheduling, even with a good water management schedule and plan.



Additionally, as observed in the trend of FCR among blocks in our study, amidst a water distribution plan prepared by WUA but without flow measurement and flow data to guide water distribution, water reaching downstream will still be insufficient, and insufficient water would lead to low FCR.




4.1.2. Within Each Block


Within blocks, block and strip leaders manage water allocation [34]. Both the block and strip leaders are farmers, sometimes cultivating outside their specific blocks and not full-time water distribution staff. Except for 1A and 2B, water distribution to strips is performed simultaneously, and with most water control gates not being functional, water regulation to each strip is challenging. Further, water abstraction from strip to paddy fields is left to farmers with no block having systematic water uptake order. The labor required to operate the system is significant and complicates easy water access downstream.



Thus, although there is a concept of equal water distribution, unlike among irrigation blocks, there is no concrete water distribution plan within blocks. Farmers take water as they wish without no particular order. This is consistent with a previous study on the Doho Irrigation Scheme [34], which indicated that water distribution in the block is a problem and that farmers are dissatisfied with water supply, especially in the downstream areas along the strip.





4.2. Measures to Improve Water FCR


4.2.1. Measures to Improve Water FCR among Irrigation Blocks


At the block levels, as the differences in FCR between blocks in this study suggest, farmers’ agreements for equal water allocation and irrigation organizational structures alone cannot improve the water sufficiency in downstream areas. It is necessary to take technical measures to ensure water is distributed equally to many blocks with less management, less monitoring effort, and cheaper facilities. There are a few diversion points between irrigation blocks for water volume adjustment, and flow measurement devices can be installed. Inter-block rotation exists in Doho and is fixed throughout the year, but water insufficiency still exists downstream [39]. It implies that block rotation irrigation can be improved even in the present condition by factoring in water losses at the head canals.




4.2.2. Measures to Improve Water FCR within Irrigation Blocks


There are more than 5000 paddy plots in Doho; rigorous flow observation is difficult due to the required equipment and labor based on the number of intakes. Some proposed technical measures would include:



Rotational irrigation; with rotation, the hydraulic position factor can be substituted with time factors that WUAs can control. Within blocks, rotational irrigation is possible among strips and plots. As our result reveals, the hydraulic position of the blocks, strip, and plots affects water sufficiency and water FCR, so management options that replace the hydraulic position factor with a time factor at the three levels would increase water FCR. Inter-strip rotation exists in blocks 1B and 2B and can be adopted to demystify the impacts of strip and plot location on water sufficiency. Inter-plot rotation along a particular strip is not currently practiced in Doho. It is thus vital to introduce rotation such that all farmers can access water in a timely fashion, contrary to the current dictate of the hydraulic position.



Shorter strips; The average fee collection ratio increases with a decrease in the total number of plots along a particular strip. The average FCR of strips with less than 20 plots is consistently higher than the average block FCR. Lowering the number of plots along a particular strip to an optimum number of not more than 50 plots will increase the ease of water distribution, increase water sufficiency, and thus the FCR of each respective block.






5. Conclusions and Recommendations


Based on the hypothesis that water sufficiency is the basis of FCR and water sufficiency is related to the hydraulic position of irrigated areas along canals, we conducted a case study on Doho’s large paddy irrigation scheme in Uganda. We analyzed the relationship between the hydraulic position of irrigated areas and FCR at all canal levels. The results revealed the following:




	
A trend showing lower downstream FCR was observed at all canal levels: The FCR is lower in the downstream blocks, the downstream tertiary, and the downstream strips, which may reflect insufficient water supply as one moves downstream at all canal levels—implying that adequate water supply and farmers’ satisfaction with irrigation water strongly influence FCR.



	
Among irrigation blocks, even with rotational irrigation, FCR decreases downstream, implying water management is essential but not absolute; on-farm technical measures, such as factoring conveyance losses and installing flow measuring devices, are crucial.



	
Inside irrigation blocks, FCR decreases downstream along tertiary and strips canals, but FCR was relatively high in blocks with intra-block rotational irrigation and shorter strips. As the results suggest, coupled with building consensus among farmers considering measures such as shorter strips, inter-strip rotation, and inter plot rotation is essential for increasing FCR.








It is important to emphasize that introducing on-farm technical methods for equal water allocation without an agreement on the management system within the water users’ organization is difficult. Still, at the same time, it is also challenging to realize equal water allocation by agreement alone. Thus establishing a management system based on the consensus of the farmers and field-based technical diagnosis is more effective.



Unlike in paddy rice, applying this research methodology to other crops more susceptible to yield damage by excess water may produce similar results in limited moisture conditions. This is yet to be confirmed with further research.



Factors affecting FCR may include farmers’ economic status and education level, the intensity of penalties for not paying water use fees, the transparency of the accounting of water use organizations collecting water use fees and the provision of labor for water management. The authors recognized those factors but believe that water sufficiency is the primary basis for FCR; we focused on water sufficiency for this study and have not analyzed the above other factors. However, to improve FCR in a complete sense in actual irrigated areas, it will be necessary to evaluate these effects and propose comprehensive measures.



Further, if global warming increases, mainly manifesting in the form of reduced catchment run-off, the frequency and severity of droughts in irrigated areas would increase, and the water FCR problem could become more serious. Countermeasure efforts for equitable water distribution will become increasingly important.
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Figure 1. The actual layout of the Doho rice scheme (a) and the schematic layout of the Doho rice scheme (b). The strip is the last terminal canal. 
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Figure 2. The logical flow of the entire research process. 
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Figure 3. Canal maps of block 3 in Doho. 
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Figure 4. Database of farmers’ fee compliance and hydraulic position of plots in the block. 
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Figure 5. FCR among irrigation blocks (a) and FCR variation among irrigation blocks (b). 
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Figure 6. Relationship of FCR with head canal length. 
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Figure 7. Water FCR distribution within the irrigation blocks. 
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Figure 8. Sample of regression parameter (a) and inter strip multi regression results at 95% significance (b). 
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Figure 9. FCR length of various strip lengths (a) and graph of FCR at different strip lengths (b). 
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Table 1. Summary of quantitative and qualitative data collected.
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Quantitative Datasets Used among Blocks

	
Blocks along the Secondary Canal

	
1A

	
1B

	
4A

	
4B

	
5A

	
5B

	
6A

	
6B

	
2B

	
2A

	
3

	
Total




	
Area (ha)

	
109

	
83

	
57

	
57

	
64

	
64

	
54

	
88

	
89

	
162

	
138

	
965




	
Number of Strips

	
14

	
11

	
8

	
8

	
9

	
9

	
10

	
17

	
14

	
21

	
21

	
142




	
Number of Plots

	
696

	
533

	
345

	
353

	
362

	
375

	
297

	
489

	
493

	
744

	
736

	
5423






	
Quantitative data sets used within blocks

	
Blocks verified on the ground
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Qualitative Data sets

	
General issues among blocks
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Inside block specific issues
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Table 2. Payment list distribution and the ratio of farmers traced on the farmers’ register.
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Irrigation Blocks




	
1A

	
1B

	
2B

	
3

	
4B

	
5A

	
5B

	
6A






	
Paid farmers

	
On farmers register

	
156

	
241

	
182

	
198

	
202

	
188

	
202

	
165




	
Not on farmers register

	
90

	
67

	
62

	
63

	
44

	
29

	
52

	
25




	

	
Ratio of farmers traced on farmers register (%)

	
63

	
78

	
75

	
76

	
82

	
87

	
80

	
87











[image: Table] 





Table 3. Water management parameters within the block.
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General Water Management Parameters

	
Blocks




	
1 B

	
4B

	
5A

	
5B

	
6A

	
2B

	
3






	
1

	
Commitment & enthusiasm of block chairman

	
++

	
+

	
+

	
+

	
+

	
-

	
-




	
2

	
Interstrip irrigation rotation

	
++

	
-

	
-

	
-

	
-

	
++

	
-




	
3

	
Sub-division within the blocks

	
++

	
-

	
-

	
-

	
-

	
++

	
-




	
4

	
Frequency of meetings among block Leader, strip leader and extension Officer

	
++

	
++

	
++

	
++

	
+

	
+

	
+




	
5

	
Monthly meetings with farmers

	
+

	
+

	
++

	
++

	
-

	
-

	
-




	

	
Index




	
1

	
++

	
Very Committed and enthusiastic

	
+

	
Committed BUT Luck Enthusiasm

	
-

	
Motivated only by gains




	
2

	
++

	
Exist

	

	

	
-

	
Doesn’t




	
3

	
++

	
Divided with water Control Infrastructure

	

	

	
-

	
Not Divided




	
4

	
++

	
Weekly

	
+

	
Monthly

	

	




	
5

	
++

	
Promptly done

	
+

	
Done some time

	
-

	
Rare done
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