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Abstract

:

Decisions on irrigation water management are usually made at different levels, including farms, water user associations (WUAs), and regional water planning agencies. The latter generally have good access to information and decision tools regarding water resources management. However, these remain out of reach to the final water users, namely the farmers. The study, conducted in the irrigated district of Cherfech, north Tunisia, had the main objective of investigating farmer’s perceptions of, and acceptance for, the use of an irrigation advisory service (IAS) to be implemented by their WUA. The suggested IAS provides the following information: (1) reference evapotranspiration (ETo) and rainfall; (2) crop water requirement (CWR) of the most cultivated crops; (3) irrigation water requirement (IWR) of the farmer’s crop; and (4) crop monitoring and real-time estimation of IWR of crops settled, using soil moisture sensors. Such services and information would be available at the WUA level and provided in a timely manner to farmers for more effective decision making at the plot level. Prior to the acceptance study, we launched a technical study to determine the required tools and equipment required for the implementation of the IAS, followed by a farmer survey to assess their respective perceptions and acceptance towards this IAS. Results showed that only 54% of the farmers are satisfied by WUAs work, but that 77% of them accepted using the suggested IAS. Farmers are also willing to pay for most of the IAS packages suggested. The financial profitability of investing in the IAS at the WUA level shows the venture is financially viable, with a benefit cost ratio (BCR) of 1.018. The project will be even more profitable if we add the social benefits, which may result in water savings at the WUA level.
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1. Introduction


The development of water-saving agricultural practices and advanced irrigation management tools are key to improving water use efficiency at different operating levels (plot, farm, and landscape). In developing countries, different information and decision-making approaches for supporting irrigation managers have been developed, tested, and validated, and demonstrated for their effectiveness at the piloting stage [1]. However, due to various technical, economic, and social constraints, the access, use, and large-scale dissemination of these irrigation management approaches remains very low in most developing countries.



The definition of scientific irrigation scheduling refers to when and how much to irrigate, based on physical measurements that estimate crop-water use and the soil-water status. However, scheduling methods need to be simplified to match the time constraints, training level, and financial capacities of potential users [2].



As such, many IAS have been successfully developed and implemented in multiple areas of the world to assist with irrigation scheduling at different levels. IASs are being developed as effective tools for improving irrigation water management, using the irrigation district as an action framework [3].



One of the best-known IAS is the California Irrigation Management Information System (CIMIS) [4]. In Spain, a local IAS has also been successfully implemented in Castilla-La Mancha, which has played an important role in improving irrigation water management [3] in that water basin.



Several studies have been conducted to analyze the feasibility of IAS implementation at different levels, and through the use of different technologies and approaches such as decision support systems [5,6,7,8]. Moreover, devices such as tensiometers, gypsum blocks, and infra-red thermometers have been introduced in different parts of the world to assist farmers in determining when and how to irrigate [9].



However, adoption of these technologies is often limited, as a result of facing various challenges. The authors of [10] identified the main challenges as being varied: from poor infrastructure and lack of information and communications technology (ICT) knowledge to lack of appropriate policies and inefficiencies in agriculture institutions. Moreover, the adoption and use of these innovations has always been restricted to some of the larger commercial farms [9,11,12], as they are not yet attractive enough to smaller farmers. This, in turn, has impeded the uptake and adoption of such innovations [13].



Several studies have assessed farmers’ perceptions and willingness to adopt technologies and innovations [14]. Some of these [15,16,17] underlined the lack of access to information about how these new technologies work as a key constraint to farmers in scaling and adoption. The authors of [18] highlighted that these technologies require financial investment in learning and/or hiring external services from farmers, which can also prove limiting. Other studies show that while farmers rate agricultural information as very relevant, information specifically related to the adequacy and availability of new and existing technologies remains a very important factor for adoption [19].



Despite difficulties being identified in relation to the integration of an IAS in some contexts (such as the technical limitations or performance of the IAS), these services were shown to be a relevant support for the improvement and assessment of the agricultural water management [20]. The authors of [21] showed that, in the irrigated district of Baixo Acaraú in Brazil, the implemented IAS improved water irrigation management in most areas when farmers followed the advised crop irrigation requirements. The authors of [22] observed an increase in the use of ICT for irrigation management at the WUA level in the Valencian community of Spain, particularly in large, irrigated districts mainly driven by the scarcity of the water resources. Regarding the use of ICT in Tunisia, the agricultural sector presents the biggest potential in terms of development and could largely benefit from its usage [23]. Agricultural extension services are well developed in the country, but mainly focus on crops, fertilizers, pesticides, and equipment, rather than water use issues [24].



Irrigation decision support services can also be implemented and managed by existing WUAs. The WUA level is appropriate, because ICT adoption increases when farmers are members of a farmers’ association [25]; plus, it would be easier to advise a group of farmers rather than doing so separately [9]. Furthermore, WUAs have become one of the most acknowledged forms of local organizations for irrigation management and play an important role in increasing public participation in local irrigation management. They also significantly contribute to the improvement of participatory water governance and implementation of integrated water resource management. Finally, WUAs represent famers locally, and thus are the best organization to reflect farmers’ concerns and requirements in relation to irrigation.



Based on this review and given that the development of an IAS has been evolving rapidly in Tunisia, the objective of this study is to contribute to the specialized literature by investigating the technical and economic feasibility and farmers’ acceptance of different forms of IAS locally developed and tailored to the Tunisian context. The developed IAS prototype was suggested and demonstrated to farmers in Cherfech, north Tunisia. Following this, a survey based on questions regarding willingness to adopt, among others, was conducted to better understand opportunities and bottlenecks pertaining to IAS uptake.




2. Materials and Methods


2.1. Proposed IAS Configurations and Levels of Deliverable Information


In this study, four IAS configurations (as described in the sections below) were proposed to farmers with each choosing one depending on the level of technology they require and the level of the deliverable information available. The IAS would be managed by a trained technician within the WUA office and he would be responsible for monitoring, calculating, and distributing information to farmers.



The configurations were proposed at two levels: regional (first and second configurations) and plot (third and fourth configurations).



2.1.1. Information of Reference Evapotranspiration and Rainfall


The first service would provide information of daily ETo and rainfall. This would be displayed at the WUA office every day, and shared weekly through SMS or phone calls to the farmer. The main advantages are the rapidity of access to the information. However, because this information remains somewhat broad, the farmer requires good additional knowledge of the crop water requirement and the water balance for this configuration to be effective in guiding their irrigation operations.




2.1.2. Information on Crop Water Requirement of the Main Crops in the Study Site


The second service is based on the calculation of the crop water requirement (CWR) of the main crops of the irrigation site with a fixed sowing date, cutting dates, and average crop cycle, in addition to average soil characteristic of the region. The advantage of this service is that it can give a general idea of the CWR at the level of the irrigated district calculated with real-time climatic data. The main constraints are that, within the same irrigation scheme, the planting date of the same crop is spread over a long period (as per the farmer’s individual practices). This can vary from two to four weeks and does not take into consideration the specificity of each farmer (ability to buy the water, water availability at the farm level, and following of his own practices). The irrigation schedule is then estimated weekly using the average data, and information will be available at the WUA office and distributed to the farmer in tabular form or displayed on a board.




2.1.3. Information on Water Irrigation Requirement of the Farmer’s Crops


The third service is more personalized and provides the WIR of the crops, taking into consideration each farmer’s specific practices (variety of crops, sowing dates, crop cycles, cutting date, irrigation system efficiencies, and soil characteristics of the plots).



In order to make the water balance estimations as precise as possible, this service requires the farmer’s direct participation. For example, they must provide actual data of their crop irrigation management, along with other personal agronomic information and practices (such as actual irrigation practiced, sowing date, cutting dates, the average budget for irrigation to provide to the crops throughout the cycle, etc.). This would help the WUA’s management staff calculate and provide optimum water supply to the plot. The information—regarding when and how much water should be applied to each plot in real time—will be available at the WUA, sent by SMS or through a phone call, or given to the farmer in-person. The advantage of this service is that the information provided will be based on a real water balance model of the plots, thus ensuing greater accuracy and reliability.




2.1.4. Crop Monitoring and Real-Time Estimation of Water Irrigation Requirement of Crops Settled Using Soil Moisture Sensors


The last service could be considered the best technological package that can be provided and combines water balance modeling with the use of soil moisture content sensors. It includes the installation of soil water content sensors at the plot level, so water content can be monitored at different soil depths and depending on the crop. It will also allow farmers to apply the exact amount of water required for the crop. The service would be provided directly to the farmer by SMS or through phone calls.





2.2. Equipment and Tools Required for the Suggested IAS Packages


The proposed services are based on the water balance approach, which estimates the soil water content in the root zone by accounting for all water additions and subtractions in this area. Necessary equipment is then related to the climatic parameters and soil moisture measurement. To be affordable to farmers, the service should be based on low-cost equipment with minimum investment required.



To obtain precise information for modeling the IWR, an automatic weather station (to obtain climatic data) would need to be installed within the irrigated district and close to the WUA office. Soil water content sensors with data-loggers would also need to be installed at the farmer’s fields.



To estimate the crop IWR, the MABIA decision support software [7,26,27] would be used to compute the irrigation requirement, based on the dual crop coefficient (Kc) method proposed by the Food and Agriculture Organization’s (FAO) Irrigation and Drainage Paper No. 56 (FAO-56). The MABIA approach has been largely used for water irrigation evaluation and management [28,29,30], as well as for assessment studies on the impact of climate change on water resources [31,32,33]. Figure 1 shows the organization chart of the proposed services, according to the required equipment.




2.3. Main Characteristics of the Study Area


Cherfech, an irrigated district located within the Basse Vallee de Medjerda, near the town of Cherfech (Lat. 36°57′ N, Lon. 10°02′ E, and elevation 8 m) in the north of Tunisia, was chosen as the focus of this research (Figure 2). This area was selected for the establishment of an IAS due to the diversity of its crops cultivated, including cereals, forages, winter vegetables, and fruit trees. The area also includes different irrigation systems such as surface, drip, and sprinkler. This irrigated district covers 2022 ha and is subdivided into 22 hydraulic sectors serving 127 farms of variable sizes. The irrigated district of Cherfech belongs to the upper semi-arid zone and is characterized by an average precipitation of 509 mm/year, which is unevenly distributed over time with peaks in winter and spring. The annual ETo is about 1552 mm, with the highest monthly value of the ETo reached during July (177 mm) and the lowest value (29 mm) obtained in December.



The source of irrigation water is the Medjerda-Capbon canal. The irrigation network in the Cherfech district is based on open-flow channel systems of different sizes. At the level of the irrigated district, water distribution is conducted through a system of secondary and tertiary channels. The network was designed to perform according to the principle of the water turn among beneficiary farmers (meaning water is distributed on a turn-by-turn basis; farmers cannot irrigate simultaneously). However, since 2009, distribution has alternated between water turn during summer and on-demand water distribution during winter. The water turn principle is only applied when a conflict arises between farmers of the same sector or from different hydraulic sectors.



To adequately depict the irrigation district of Cherfech at the WUA level and facilitate information transfer, a geographic information system (GIS) database was created to collect data concerning the irrigated districts’ limits, farm and plot limits, water network transfer, land use, and irrigation systems. This information comes from different sources and formats (maps, plans, and tables in paper and digitized format) and is composed of varying layers that can be integrated and used for the creation of thematic maps. As a result, thematic maps of farm and plot limits, land use during the 2019/2020 growing season, and used irrigation systems were created. Figure 3 represents four thematic maps of the irrigated district of Cherfech: (a) the farm limits; (b) the irrigation system used; (c) the limits of the irrigation units; and (d) the land used during the growing season.




2.4. Data Collection


Surveys were conducted to collect farmers’ data and learn their acceptance of the suggested IAS. Farmers were randomly selected using accidental sampling (a non-probability random sampling method) and interviewed individually (to avoid influence from other farmers) within the irrigated districts. The duration of each farmer interview was about 40 min, during which the suggested IAS service packages were first introduced and described to farmers, and then related perception questions were asked.



The questionnaire was structured in five sections (across 20 questions), designed based on the literature review, and developed and validated with the help of local experts working in the administration and extension sector.




	
The aim of the first section of the questionnaire was to understand and profile the farmers. The questions asked regarded the age of the farmer, their educational level, the total area of labor, and their cropping pattern during the 2019/2020 cropping season.



	
The second section of the questionnaire comprised two open questions, developed to understand how farmers determine when to irrigate and how much water to apply.



	
The third section concerned farmers’ perceptions of the WUA by the farmers: understanding how farmers view their WUA’s performances and the quality of its services, along with what their expectations are for the WUA’s enhanced services.



	
The fourth section asked farmers about their knowledge of different decision support technologies and irrigation models, as well as their acceptance for the implementation of an IAS at the WUA level. Four services were proposed and individually described, after which farmers were asked which suited them the most. Following this, the price of each service was shared with farmers, who then provided their final decision based on the pricing information.



	
The final part of the questionnaire concerned the willingness of farmers to pay for different IAS packages.










3. Results


Twenty-seven farmers (from a total of 127 farmers in the region) were selected using the accidental sampling method and then interviewed. This figure represents 20% of the farmers in the irrigated district. Farms owned by the sampled farmers cover a total of 385 ha (20% of the total area of the irrigated district of Cherfech). Statistical methods such as Pearson correlation, Mann–Whitney U test, and the X2 test were used for the data analysis. The Pearson correlation was used to analyze the correlation between the farmers’ profiling variables. The Mann–Whitney test was used to analyze the influence of the farmers’ profiling variables on the acceptance of the IAS. The X2 test was used to check the statistical significance between the price selection of the service and the farmers’ profiling variables. These statistical tests are commonly used in farmers’ profiling and studies that deal with farmers’ perceptions towards agricultural services, practices, adaptation, or impacts [34,35,36,37,38].



3.1. Farmer Profiling


From the data analysis of the survey conducted on 27 farmers, six typifying variables were considered regarding the farmer’s features, the farm characteristics, the agricultural cropping pattern, and the irrigation systems (Table 1).



The results of the study show a certain heterogeneity of the sample interviewed, which is representative of the irrigation district. The age of interviewed farmers ranged from 29 to 75 years old, with about 33% of those questioned aged between 50 and 60. Older farmers (>60 years) represented 37% of the sampled group, with 18.5% aged between 60 and 70 years and 18.5% of farmers older than 70 years. Finally, younger farmers (<50 years old) represented 30% of the interviewed sample.



Education. Five levels of education were identified among participants: illiterate, quranic, primary, secondary, and university. Illiterate farmers represented 15% of the sample, while 4% went to quranic school and 37% of farmers had received primary school education. Twenty-two percent of the farmers had been to high school and twenty-two percent held a university degree. In 2000, [39] found out 80% of farmers from the one irrigated district only had a primary education, meaning our results show an evolution of farmers’ education levels over the last decade. This may be explained by the fact that farmers’ sons are taking over the farm responsibilities and receive longer educations.



Farm size. The majority of interviewed farmers (78%) possessed a farm size lower than 15 ha: About 33% of farms were 10–15 ha in size, while 29% were 5–10 ha, and 16% were less than 5 ha. Farms larger than 15 ha represented 22 % of the sample and were distributed between farms sized between 15 and 20 ha (8%) and between 20 and 25 ha (3%). Only 11% of farms had a total area higher than 25 ha.



Plots. For the 2019/2020 growing season, the survey identified the number of plots per farm. The results were then divided into six groups, depending on the number of plots. A total of 7.4% of farms had a single plot, 11% had two plots, and 18.5% had three plots. A total of four plots was the highest number among farmers and represented 30% of those interviewed. Finally, 14.8% of the farmers had five plots and 18.5% had more than this amount. Similar numbers were recorded by [7] during the 2010–2011 growing season.



Irrigation systems. Farmers were divided into two groups: those using pressurized irrigation systems (PI) and those using surface irrigation systems (SI). Interview results revealed that 63% of the farmers use pressurized irrigations systems, such as sprinkler and drip irrigation, while 37% still use surface irrigation systems, such as furrow and basin irrigation. Compared to [40], we noted an increase of the adoption of pressurized systems in the same area (51% in 2011 against 63% in 2013).



Cropping patterns. Ten groups of cropping patterns were identified as being conducted by farmers. Around 18.5% of interviewed farmers have a single cropping pattern, with 3.7% cultivating cereals (C), 3.7% cultivating forage crops (F), 7.4% cultivating vegetables (V), and 3.7% cultivating fruit trees (T). The remaining 81.5% cultivate more than one crop, with a combination of: cereals and forages (CF = 29.6%); cereals and vegetables (CV = 7.4%); cereals, forages, and vegetables (CFV = 29.7%); cereals, forages, and fruit trees (CFT = 7.4%); cereals, vegetables, and fruit trees (CVT = 3.7%); and crop, cereals, forages, vegetables, and fruit trees (CFVT = 3.7%). The fact that the main cropping patterns used are the CF and CVT confirms findings from studies conducted by [7,39], which shows that the dominant crop rotation is the triennial type (CFV). The same studies showed that around 20% of farmers applied a biennial crop rotation (CF or CV).



Following the farmers’ profiling assessment, a correlation analysis was conducted, including six demographic and technical (irrigation-related) variables. The results are presented in Table 2.



Table 2 shows a significant correlation, at the level of 5%, between farmers’ age and education level (−0.472), demonstrating that the older the farmer, the lower his level of education. A significant correlation at the level of 5% is found between the age of farmers and the cropping pattern (0.456). The older the farmer, the more likely they are to diversify their crops. A significant correlation, again at the level of 5%, was also found between education and the number of plots (−0.442), indicating that the more educated the farmer, the more likely they are to reduce their number of plots. Table 1 also shows that the older the farmer, the more likely they are to have a higher number of plots (significant correlation at the 1% level and a value of 0.502). A significant correlation at a level of 1% is also found between the cropping pattern and the number of plots (0.637). The more complex the cropping pattern, the higher the number of plots per farm.



3.1.1. Farmer’s Irrigation Decision Criteria and Knowledge and Use of Irrigation Decision Tools


In order to better understand farmers’ irrigation decision making processes, two questions were asked: “How do you know when to irrigate?” and “How do you determine the amount of water to apply?”



Forty-one percent of farmers answered that they rely on the soil and crop condition to decide when to irrigate, while eleven percent base their decision on a combination of the climate, the soil, and the crop. Meanwhile, 15% stated they base their frequency of irrigation on a fixed CWR calendar. Finally, 7% of farmers declared relying on established practices: Irrigation frequency is fixed depending on the crop type. For example, during spring, alfalfa should be irrigated once every two weeks, while artichokes should be irrigated every two to three days in August.



When deciding how much water to apply, results show that 30% of farmers irrigate until the soil saturation is reached. Meanwhile, 15% of farmers use information about the amount of water required by the crop, 11% irrigate according to water availability at the farm level, and 19% stated the amount of water applied depends on water availability and the soil water content. Finally, 7% declared the amount of water they apply aligns with a fixed crop calendar, and 18% relied on previous knowledge and experience.



When asked if they were aware of technologies that assist with irrigation decision making, only 22% responded yes, compared to 78% who did not know about the existence of such technologies. None of the interviewed farmers declared using technologies, such as sensors or real time irrigation scheduling, although 15% revealed they use fixed irrigation scheduling.




3.1.2. Perception of the WUA among Farmers


A question was asked to gauge farmers’ perceptions around the role of WUAs. Fifty-nine percent of farmers answered that the role of the WUA is water distribution and the billing process, while only fifteen percent knew that WUAs are responsible for the distribution, billing, and maintenance of the network. Meanwhile, 11% believed that the role of WUAs is the distribution of water among farmers. Regarding perceptions of WUA work, 54% of farmers feel the WUA is doing a good job and are satisfied by their work, but 34% were unsatisfied. A total of 4% judged the work as ‘passable’, expressing that with the means available to WUAs, farmers cannot expect better. The remaining 8% did not provide an opinion on the subject.





3.2. Acceptance of an IAS at WUA Level


The interview results show that 77% of farmers responded positively to the idea of implementing an IAS at the WUA level. Despite 54% of farmers being satisfied with the WUA’s current work, they support the idea that the WUA would provide—in addition to the existing service of providing, billing, and maintenance of the network—an advisory service for irrigation scheduling.



To study the acceptance of an implementation of an IAS, a Mann–Whitney U test was conducted to examine the relation between the acceptance of the service and the different parameters of the farmers’ profiles. The Mann–Whitney test was conducted to determine whether farmers’ variables were statistically significant in the acceptance of the IAS. Table 3 shows no significance between the farmers’ variables and acceptance of the IAS.



The acceptance of the service does not depend on the farmers’ variables. As such, the farmers’ profiles cannot be considered as significant parameters in explaining the acceptance among them for the suggested IAS.



3.2.1. Choice between Proposed Services and Interactions with the Prices


In order to ascertain the effect of price differentials on the farmers, they were asked to select the same four services at two stages: first, before they knew of the cost, and again once they had been informed of prices (Table 4).



It should be noted that, after the disclosure of prices, 7.4% of the farmers decided not to select any of the suggested services. Before prices were revealed, 15.8% of the farmers selected the first service, 47.4% selected the third service, and 36.8% selected the fourth service. No farmers selected the second service. After the disclosure of the prices, the number of farmers who selected the fourth service dropped to 11.8%. The first service received 27.2 % of votes and the third service was selected by more than half of the farmers (54.4 %). Even after the disclosure of prices, the second service was not selected. This can be explained by the fact that this service provides an estimation for irrigation based on a specific agricultural practice (fixed date of cropping, fixed soil characteristics, fixed date of cutting, etc.), but the farmers want a level of specificity and independence towards the date of crop installation and the practice of the irrigation.



A Pearson chi-square test was also conducted for the selection of the service before and after the price disclosure, in relation to the six profiling farmers’ variables. The chi-square test showed that the choice of service and each of the variables were statistically independent (Table 5).




3.2.2. Perception of the Service Prices


The price for each service (detailed in the Methodology section) was presented to the farmers, in order to understand whether they perceived it to be good value. The proposed monthly prices were 5 Tunisian dinar (TND) for service 1, 8 TND for service 2, 18 TND for service 3, and 40 TND for service 4, all as a monthly rate. For each price, the farmers had to choose between four possible answers: cheap, suitable, quite expensive, and very expensive. The price range for each service was then determined following farmers’ feedback. Figure 4 shows the different services, their prices, and perceptions of these among farmers. The highest service price (for service 4) was perceived by farmers as very expensive.



Regarding service 1, 60% of farmers found its price of 5 TND to be very cheap, while 30% considered it suitable. Five percent of farmers believed the price for service 1 was quite expensive, and the same amount felt it was very expensive. For service 2, 25% of the farmers said the service was cheap, while 35% found it suitable. Thirty percent of farmers said the price was quite expensive and ten percent said it was very expensive. Concerning service 3, only 20% of farmers considered the price to be cheap, while 40% found the price was suitable and 40% believed it was very expensive. Finally, for service 4, 85% of farmers stated the service was very expensive and only 15% said the price was suitable.





3.3. Financial Feasibility of Payment for an IAS


To analyze the viability of the (paid) IAS technology and to ascertain a price range for the different services the WUA would offer, a feasibility study was then created based on the results obtained from the survey taking into consideration the preferences of the farmers following the disclosure of prices. A sensitivity analysis (results in Section 3.3.4) was then conducted to determine the resilience of the project by increasing the total costs (investment, operating, and labor costs) and applying a decrease to the price of the services.



3.3.1. Investment and Operating Costs


The investment costs of the IAS at the WUA level are represented in Table 6. The total investment costs per year are 18,400 TND. The depreciation rate is fixed for four years, which represents a depreciation rate of 25% per year.



Concerning operating and labor costs, Table 7 shows the office operating costs, the mobile unit costs, and labor costs, totaling 17,220 TND annually. In order to operate the IAS, one laborer would be required to operate the service.




3.3.2. Benefits


For the first year, the total number of customers (obtained from the survey) was projected to be 77% of the 127 farmers in the irrigated district (98 farmers). For the first service, the number of users was hypothesized as 29, the second service as 0, the third service as 58, and 12 for the fourth service.



During the second year, the number of customers projected is (once again) 98 farmers in the irrigated district and 15 farmers located around this area. The total numbers of users would then be 113: 33 for the first service, 0 for the second service, 66 for the third service, and 13 for the fourth service.



With regards to the third year, an increase of 10% (compared to the second year) in the number of the customers would be anticipated, representing a total of 125 farmers with 37 selecting the first service, 74 selecting the third service, and 15 selecting the fourth service. The number of the total customers would then stabilize for the following years of the project.



Concerning the prices of the different services, the survey shows that farmers judged them to be suitable and cheap. The farmers’ opinions were considered when building the price for each service.



During the first year, the total benefits would be 20,028 TND, 22,476 TND in the second year, and 25,404 TND in the third year.




3.3.3. Benefit/Cost Ratio and Internal Return Rate


The benefit/cost (B/C) ratio for a 15-year project duration was calculated by taking the value of benefits and dividing by the value of costs. The life span of 15 years was selected because beyond this period the obtained value of the cash flow is negligible. Moreover, based on an exhaustive review done by [41], the life span of water saving irrigation technologies varied from 10 to 20 years. From this, the B/C ratio obtained was 1.018 and, since this exceeds the value of 1, the project can be considered feasible.



An internal rate return (IRR) was also calculated for 21 years. The IRR was 19%, which shows the feasibility of the project, and is above the opportunity costs of 12%, which means the project has the potential to be highly successful. The selected discount rate for the implementation of the IAS is in the range that has been considered to represent the overall average for the appropriate discount rate varying commonly from 6 to 15% in developing countries [42,43]. As such, the WUA of the studied irrigated area can generate profit from this project and use the money to provide farmers with micro credits.




3.3.4. Sensitivity Analysis


To determine the resilience of the base project, a sensitivity analysis was applied. The first scenario of the sensitivity analysis saw total costs increased by 10%. Based on a discount rate of 12%, the results show that the B/C ratio obtained was 0.97. Concerning IRR, the value was 9%. The second scenario saw the price decreased by 10%, along with the total benefits. Concerning the B/C ratio, the value obtained was 0.96. Concerning IRR, the value found was 7%.



The sensitivity analysis shows that the project may not generate a lot of benefits, but would at least cover its investment costs. Since the IAS would play a significant social role in helping farmers in their irrigation decisions, the social and environmental sustainability of the project should also be considered as feasible.



The results show that implementing an IAS at the WUA level is a feasible project and can be economically sustainable.






4. Discussion


This study used technical, social, and economical analysis to examine the implementation of an IAS at the level of an irrigated district in Tunisia. Depending on the required level of technology and the level of the deliverable information available, four services were selected. These four services are comparable to different irrigation advisory entities already functioning in Spain, France, Greece, South Africa, and Italy [44,45,46,47,48] and showed a significant improvement in water use and water productivity.



Besides the IAS acceptance process, the analysis is also conducted in conjunction with the concept of technological additivity to examine the acceptance and rejection of new technologies in agricultural practices. In fact, the survey results showed that the acceptance of the service does not depend on the farmers’ variables. Additionally, in the actual context of climate change and water resource shortage, survey results implicitly show that technological additivity allows the addition of new values which makes the adaptation of new practices and the reception of new technologies more applicable. This confirms the results of [49], where they pointed out that changing mindsets are difficult and can only be achieved by repeating and continuously squeezing out inappropriate values and absorb new ones that fit or complement the context better (mindsponge mechanism).



Moreover, selecting the WUA level as the implementer of the IAS was built based on farmers’ trust toward the WUA (77% of farmers responded positively to the IAS at the level of their association). These results are supported by the mindsponge theory where on a collective level, generalized trust closely goes with social connectedness [50]. This positive trust would act as a ‘priority pass’ and thus helps shift the perceived value of related information to be more beneficial [51]. Additionally, regarding the information value delivered by the IAS, the obtained results reveal that 92.6% of farmers judged that the perceived benefits are greater than its perceived costs and the proposed information’s value is deemed positive and the acceptance of the information can move into the mindset and become a new trusted value [51].



On the perception of the services price, service 3 was the most selected one before and after the price submissions. The finding here is personalized and provides the WIR of the crops, taking into consideration each farmer’s specific practices (variety of crops, sowing dates, crop cycles, cutting date, irrigation system efficiencies, and soil characteristics of the plot) that the farmer’s willing to pay for a suitable and personalized service at the plot level, taking into consideration their specificities regardless the price factor.




5. Conclusions


This study explored the concept of an IAS adapted to the specific conditions of farmers in an irrigated district of north Tunisia. The area is characterized by the non-existence of such a service, whether private or public. The farmers have limited knowledge about water irrigation requirements and scheduling, limited financial resources to take counsel from private consultants, and low means of information. The only organization founded on and utilizing farmers’ participation is the WUA, whose role is primarily water distribution, maintenance, and billing.



The proposed solution is the implementation of an IAS at the WUA level. This service would be managed by a technician who will be in direct contact with the farmers. In order to understand potential constraints, a study was conducted whereby four types of services were offered to farmers. The first service would provide daily information of ETo through SMS or phone call. The second provides weekly CWR of the main crops of the region, with the information available in printed table format displayed at the advisory service office or delivered to the farm. The third service provides the IWR of the crops in alignment with the specific cultural practices of the farmer, with information provided by a direct phone call or visit to the farm. The fourth service couples the water balance model with the use of soil moisture content sensors, and information is shared directly to the farm. These four services depend on precision of information that could be used in irrigation advisory. Once the type of services was determined, the tools and equipment required by the service were selected: an automatic weather station, water soil content sensors, and a decision support software tool (MABIA©, which is based on the dual Kc of the FAO-56 approach). These tools were selected mainly due to their low cost and reliability.



To gauge acceptance of this IAS, a survey was conducted with farmers in the irrigated district of Cherfech in Tunisia. The survey confirmed that implementation of the service at the WUA level was possible. Even though only 54% of the farmers were satisfied with the WUA’s work, 77% of farmers were interested in the implementation of IAS at the WUA level, with no statistical significance depending on the farmers’ profiles. This is proof that farmers are looking for easily accessible information, in spite of their age, level of education, or irrigation system they use. Moreover, 92.6% of the farmers judge that the information’s value provided by the services is deemed positive as farmers judged that the perceived benefits are greater than its perceived costs. Relating to the services, 58.8% of farmers selected service 3, because it takes into consideration specific details of each farm and offers excellent accuracy.



Finally, to study the viability of implementing the IAS, a feasibility study was conducted, based on the B/C ratio and the IRR. Coupled with a sensitivity analysis, the results show that implementing an IAS can be technically and financially feasible.
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Figure 1. Organization chart of the considered IAS packages, according to equipment. 
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Figure 2. Localization of the Cherfech irrigated district. 
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Figure 3. Thematic maps of the Cherfech irrigated district (a) farm limits; (b) used irrigation system; (c) hydraulic units; and (d) land use during the growing season. 
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Figure 4. Perception of the prices of the services. 
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Table 1. Variables and descriptive statistic data of the farmers’ features.
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	Variable
	Description
	Min
	Max
	Average
	Standard Deviation
	Variation Coefficient





	AGE
	Age of the Farmer
	29
	75
	55.6
	13.6
	24%



	LEVEL
	Level of Education: (1) Illiterate; (2) Koranic School; (3) Primary school; (4) High school; (5) University
	2
	3
	3
	*
	*



	AREA
	Total Area of the farm
	1
	74
	14.2
	14.3
	100%



	NUM. PLOTS
	Number of plots per farm
	1
	7
	3.9
	1.6
	40%



	IRRIG. SYST
	Irrigation system used: (1) Surface Irrigation systems; (2) Pressurized Irrigation systems
	1
	2
	2
	*
	*



	CROP. PATT
	Cropping pattern: Monoculture (1) C, Cereals; (2) F, Forage crops; (3) V, Vegetables; (4) T, Fruit trees; Multi cropping (5) CF; (6) CV; (7) CFV; (8) CFT; (9) CVT; (10) CFVT
	5
	7
	7
	*
	*







Note: (*) No data are given since these are qualitative variables.
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Table 2. Correlation of the main variables of farmer profiling.
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AGE

	
LEVEL

	
AREA

	
NUM PLOTS

	
IRRIG. SYST

	
CROP. PATT






	
AGE

	
Pearson Correlation

	
1

	

	

	

	

	




	
Sig. (2-tailed)

	
-

	

	

	

	

	




	
N

	
27

	

	

	

	

	




	
LEVEL

	
Pearson Correlation

	
−0.472 *

	
1

	

	

	

	




	
Sig. (2-tailed)

	
0.013

	
-

	

	

	

	




	
N

	
27

	
27

	

	

	

	




	
AREA

	
Pearson Correlation

	
0.276

	
0.259

	
1

	

	

	




	
Sig. (2-tailed)

	
0.164

	
0.192

	
-

	

	

	




	
N

	
27

	
27

	
27

	

	

	




	
NUM. PLOTS

	
Pearson Correlation

	
0.502 **

	
−0.440 *

	
0.323

	
1

	

	




	
Sig. (2-tailed)

	
0.008

	
0.022

	
0.101

	
-

	

	




	
N

	
27

	
27

	
27

	
27

	

	




	
IRRIG. SYST

	
Pearson Correlation

	
0.063

	
0.381

	
0.255

	
0.212

	
1

	




	
Sig. (2-tailed)

	
0.755

	
0.050

	
0.199

	
0.287

	
-

	




	
N

	
27

	
27

	
27

	
27

	
27

	




	
CROP. PATT

	
Pearson Correlation

	
0.456 *

	
−0.186

	
0.328

	
0.637 **

	
0.219

	
1




	
Sig. (2-tailed)

	
0.017

	
0.352

	
0.095

	
0.000

	
0.273

	
-




	
N

	
27

	
27

	
27

	
27

	
27

	
27








* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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Table 3. Relation between acceptance of the IAS and farmers’ profile parameters.






Table 3. Relation between acceptance of the IAS and farmers’ profile parameters.














	
	Level of Education
	Age
	Area of Farm in ha
	Number of Plots
	Cropping Pattern
	Irrigation System





	Mann–Whitney U
	50.000
	51.500
	56.000
	54.500
	45.000
	46.500



	Asymp. Sig. (2-tailed)
	0.431
	0.502
	0.683
	0.613
	0.262
	0.250
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Table 4. Choice of service before and after disclosure of respective prices to farmers.
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	Service 1 (%)
	Service 2 (%)
	Service 3 (%)
	Service 4 (%)
	Did not Select Service (%)





	Before submission of the prices
	15.8
	0.0
	47.4
	36.8
	0



	After the submission of the prices
	27.2
	0.0
	54.4
	10.9
	7.4
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Table 5. Pearson chi-square test results for each farmer profiling variable.
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	Variable
	X2
	p-Value





	Farmer age
	27.063
	0.779



	Level of education
	8.825
	0.357



	Farm area
	37.313
	0.752



	Number of plots
	10.931
	0.535



	Irrigation system
	27.063
	0.941



	Cropping pattern
	4.841
	0.564
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Table 6. Investment costs of the IAS.
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	Machinery
	Quantity
	Asset Value (TND)





	Motorcycle
	1
	3000



	Laptop
	1
	1000



	Printer
	1
	100



	Weather station
	1
	500



	Data logger
	15
	5700



	Soil water content sensors
	45
	8100



	
	Total
	18,400
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Table 7. Operating and labor costs.
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	Description
	Costs/Month (TND)
	Costs/Year (TND)





	Office
	Rent
	100
	1200



	
	Office supplies
	50
	600



	
	Telecommunications
	170
	2040



	Mobile unit
	Insurance
	15
	180



	
	Maintenance
	100
	1200



	
	Energy
	250
	3000



	Labor
	1
	750
	9000



	
	
	Total Costs
	17,220
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