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Abstract: To address issues of water scarcity and food security for sustainable rice farming and 
increasing production, a water-saving technology called alternate wetting and drying (AWD) was 
disseminated in the Philippines. This study assessed the impact of facilitating a network of 
stakeholders on disseminating AWD in irrigated rice systems in the Philippines. It used both 
qualitative and quantitative data collected from 2002 to 2012 in study sites in the country. Engaging 
multi-stakeholders in adaptive research, training, and dissemination facilitated the process of more 
interaction by partners. All partners joined a knowledge and dissemination alliance for scaling out 
AWD activities. This in turn effected a policy outcome, and the synergetic interactions of each 
partner within and outside the current network fast-tracked the dissemination process and adoption of 
AWD by farmers. The AWD practice resulted in an increase in irrigated rice area but not necessarily 
in rice production and farmers’ income. It also reduced labor and fuel consumption, especially in 
deep-well irrigation systems. 
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1. Introduction 

Rice is the staple food of more than half the world’s population and the common source of 
livelihood for many, most of them located in Asia [1,2]. Thus, maintaining a sufficient supply of rice is 
crucial. However, sustaining the rice supply is threatened by global water scarcity due to competing 
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demands of the growing population for water (agriculture, industry, and domestic uses) and climate 
change [3,4].  

Around 75% of the world’s rice supply is grown in the irrigated ecosystem. And for irrigated rice, 
it takes 3000−5000 liters of water to produce one kg of rice, which is two or three times more 
compared with what other cereals need. Inadequate supply of water at specific stages of rice growth 
generally reduces yield significantly, whereas oversupply of water is a waste and an avoidable 
cost [3,5]. Diminishing water resources that could be used for rice production globally will ultimately 
affect the supply of rice for all consumers. 

To address water scarcity and to sustain rice production for food security and poverty reduction, 
scientists from the International Rice Research Institute (IRRI) developed and promoted a 
water-saving irrigation technology called alternate wetting and drying (AWD). A departure from the 
common practice of farmers, AWD introduces periods of dry (aerobic) soil conditions. It entails an 
irrigation schedule where: (i) water is applied to the field for a number of days after the disappearance 
of ponded water (as opposed to continuous flooding); (ii) water is maintained at 2−5 cm depth during 
irrigation (instead of fully flooding the paddy field, normally at 5−10 cm) [6,7].  

To effectively address the crucial issues of water and rice, farmer adoption of AWD on a wider 
scale over time and space should happen. But a confounding challenge is the slow adoption of most 
agricultural technologies [8], more so with knowledge- intensive technologies (KIT) such as AWD 
because they are presented as knowledge and not in tangible form or as physical product [9]. AWD is a 
technique to fine-tune farmer water management practices, enabling farmers to make decisions that 
translate into sound agronomic practices.  

This study aims to illustrate how multi-stakeholder partnership and engagement of partners can 
efficiently disseminate a technology, such as AWD, in the Philippines and facilitate wider farmer 
adoption to achieve impacts. It is hypothesized that, in the dissemination of AWD, engaging partners 
in a multi-stakeholder partnership creates an enabling environment for learning, allowing 
incorporation of farmer knowledge for technology adaptation, and facilitation in harmonizing 
extension efforts of partners for scaling up and scaling out of AWD. 

 Multi-stakeholder partnerships to drive innovation and innovation diffusion 

Technology has been viewed most often as a tool or a physical product that is developed and then 
distributed. Most natural resource management technologies however like alternate wetting and drying 
(AWD) are argued to be knowledge intensive technologies or KIT, because they are in the form of 
knowledge and information, which are made accessible to the end user in a less tangible form than 
physical products such as seed or machinery [9]. Technology is further argued as a socio-technical 
hybrid, which is composed of tools and practices as well as the human actors and their 
relationships [10].  

While the profitability of an innovation is a very important factor, it is not the only aspect that 
matters in adoption because innovation adoption is both a social and cultural process [11]. Adoption by 
farmers is a deliberate decision made after considering a wide range of issues, and done within a social 
and cultural context where different individuals may interact and influence the decision. Hence, to 
influence wider technology adoption, it is not enough to merely provide a tool or knowledge about a 
new practice to one group of people, or stakeholders. It will require a “collective process that involves 
the contextual re-ordering of relations in multiple social networks” [12]. Varied stakeholders, often 
linked to one another as a network, would be needed to orchestrate change especially because it 
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involves complex interdependencies, interactions that may have synergistic outcomes, and negotiated 
dynamics among groups with different interests [12-14].  

This study used the innovation system framework and the theory of social capital in illustrating 
the effectiveness of multi-stakeholder partnerships in achieving wider technology adoption. The 
innovation system framework stresses the evolving system of actors and actor involvement in the 
production, dissemination, and use of knowledge [15-17]. Innovation such as alternate wetting and 
drying (AWD) is a complex process, often requiring technical, social, and institutional changes and 
involving interaction of organizations across conventional producers and users of knowledge [15]. 
Learning and the role of institutions are critical components because it is not possible to understand 
learning without referencing its institutional and cultural contexts. Learning is an interactive and 
socially embedded process that will affect into social learning to various actors and members in 
respective organizational networks [17,18]. 

Social capital refers to “features of social organization such as networks, norms, and social trust 
that facilitate coordination and cooperation for mutual benefit” [19]. Through the engagement of 
partners in the innovation system, within a multi-stakeholder partnership platform, social capital has 
been developed and facilitation of the process of learning and adoption of the innovation has increased. 
Networks and individuals involved in the partnership have diverse perspectives and experiences, 
which are questioned, affirmed, or re-shaped in the interaction with others in a process that contributes 
toward learning collectively. Thus, as partners interact with each other in many different activities 
throughout the project, trust building has been developed or enhanced, and experiential learning 
(learning by doing) is further facilitated. Furthermore, the actors involved in the partnership have their 
own networks, creating synergy in the dissemination process resulting in wider adoption of the 
innovation such as the AWD. Consequently, the social capital built and enhanced in the MSP can 
facilitate natural capital (such as food), financial capital (higher economic returns), human or cultural 
capital (knowledge and learning), and physical capital (tools for need-based irrigation). 

2. Materials and Methods 

2.1. Forming the partnership for AWD dissemination 

The partners in multi-stakeholder partnership (MSP) AWD research and extension platform was 
formed through the Technology Transfer for Water Savings (TTWS) project, which was an 
interagency collaboration between the International Rice Research Institute (IRRI) through the 
Irrigated Rice Research Consortium (IRRC), National Irrigation Administration (NIA) in Tarlac 
province, and the Philippine Rice Research Institute (PhilRice) [4]. The MSP was established based on 
a number of criteria: resource profile; culture fit such as shared vision and goals; partner reputation; 
and partnership experience [12]. In the TTWS implementation, a memorandum of agreement, where 
responsibilities were outlined, was drafted and signed by the partners. 

The TTWS project, and the created MSP, aimed to validate and disseminate AWD water-saving 
irrigation technology in rice production through a farmer participatory approach, where farmers and 
researchers and members of the MSP worked together. The pilot site for AWD was in P-38, one deep- 
well system in Canarem, Victoria, Tarlac, a province of Central Luzon Region. Central Luzon is the 
rice granary of the Philippines. On top of the above-mentioned three collaborating agencies, the initial 
MSP included a farmer group, the P-38 Irrigators’ Service Cooperative (ISC), and individuals who 
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were ‘local champions’ of the technology. The MSP was established through a stakeholder workshop 
organized by IRRC, followed by a technology training of stakeholders. 

The most common irrigation system used for irrigated rice in the Philippines is the gravity system, 
where water comes from an open source into farm canals and pipelines such as irrigation dams. For 
other irrigated rice areas where gravity system is absent, and mostly in the rainfed and upland 
ecosystems, an irrigation deep-well system is used. It utilizes a pump to provide pressure for 
conveying and/or applying irrigation water. Electric motors and internal combustion engines are 
normally used as power for pumps using diesel or gasoline as fuels. 

2.1.1. The IRRC at IRRI 

The IRRC scientists worked with actors from the national agricultural research and extension 
system to validate the AWD technology in farmers’ fields. The IRRC, serving as the facilitator of the 
MSP, had a platform for partners to disseminate promising technologies through the IRRC Country 
Outreach Program or ICOP. ICOP involved key national partners with shared goals and visions for 
scaling up and scaling out rice technologies to effect higher income and rice production for farmers 
involving several Asian countries including the Philippines. Most of the key partners in the AWD MSP 
research and extension in the Philippines already had previous engagement experience with IRRC and 
other local partners in the country. 

2.1.2. PhilRice 

The PhilRice, a research institution of the Department of Agriculture (DA), is mandated to lead in 
attaining and sustaining rice self-sufficiency, as well as implement research, technology promotion, 
and policy advocacy in the Philippines. It has six branch stations all over the country and strong 
partnerships with various international and national research institutions. With its national mandate, it 
has a great stake in the MSP to achieve success of the project. 

2.1.3. NIA 

The NIA is a government-owned-and-controlled corporation responsible for the development and 
operation of irrigation systems in the Philippines. It is mandated to develop a 3-million-hectare area 
nationwide that has potential for irrigation. It organizes irrigators’ associations (IAs) or irrigators’ 
service cooperatives (ISCs) and strengthens them through training activities to make them more 
effective partners in irrigation development and management. NIA’s motivation in the MSP is beyond 
question since irrigation water supply and management have already been a problem to the agency as 
well as to the IAs and ISCs. 

2.1.4. P-38 Irrigator Service Cooperative  

The farmer group was represented by the P-38 ISC in Canarem, Victoria, Tarlac province. It has 
50 farmer-users of the P38 deep-well pump. Originally, the operation of the P38 deep-well pump 
system was through a loan granted by NIA to farmers for operation and maintenance. Through time, 
the cooperative paid off the loan and its share in pump construction. Consequently, the operation and 
maintenance of the pump were handled independently by the cooperative, with individual members 
shouldering the operation costs. Considering the expensive irrigation expense in pump system, due to 
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increasing cost of fuel for the pump, the P-38 ISC and especially its officers were so enthusiastic in 
implementing the project and being a key partner in the AWD MSP. 

2.1.5. Local champions 

The local champions primarily refer to the chairman and officers of P-38, farmers who joined the 
AWD experiments, and local leaders (the village captain and officials of Canarem as well as the mayor 
of the municipality of Victoria, Tarlac). To address water stealing of irrigation water, and other related 
problems in irrigation water scheduling and management, the P-38 officers and local leaders perceived 
AWD as a positive solution. 

2.2. Engaging varied stakeholders in the AWD validation and dissemination 

2.2.1. Farmer participatory AWD experimentation 

Farmers from P-38 ISC and IRRI-IRRC and PhilRice researchers, including irrigation engineers 
and extension staff from NIA, jointly established the adaptive AWD experiments. These included 12 
farmer-cooperators in the 2002 dry season (DS) and 15 in the 2003 DS, all members of the P-38 
deep-well system of Canarem [6]. Each farmer-cooperator managed two different plots: in one, 
standard farmers’ practice (FP) was used; in the other, AWD was used. Each plot had an area of 
500−1000 m2. Monitoring and recording of specific observations were done by farmers together with 
scientists and NIA staff. In this initial phase, all partners focused on testing the technology to see if it 
worked, considering local farm conditions. 

Irrigation water input in both plots was measured using trapezoidal weirs. Plastic perched tubes 
were installed to monitor daily ponded and perched water depth in the plots as shown in Figure 1. This 
perched tube served as a decision tool: when water is 15 cm below the surface, the farmer needs to 
irrigate the AWD plot. AWD also requires a 3−5 cm depth only, in contrast to the common practice of 
gauging 10−12 cm depths when farmers irrigate their rice fields. Grain yields in AWD and FP were 
measured; an input-output survey was carried out using semi-structured questionnaires at the end of 
each harvest [6]. 

 

 
 

Figure 1. Perched plastic tube and steel tape. 
Source: IRRI 
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2.2.2. Training of and information dissemination among farmers 

IRRI implemented a series of trainings on AWD to researchers and extension staff of partner 
agencies to disseminate the technology. In particular, IRRI conducted several training courses 
participated in by NIA technical staff around the country. These efforts targeted NIA staff and their 
farmer-cooperators through the agency’s Lakbay-aral or study tour program. 

During the training, participants were brought out to the field to see what the farmers were doing. 
The farmer-cooperators in the participatory experiments served as resource persons who explained the 
AWD experiment, their experiences in testing the AWD, and the results they found in their fields. Also, 
at the end of the farmer experiment season, field days/harvest festivals were held. These activities 
gathered farmers, local officials, and other guests to see the results of the experiments. The farmers 
themselves helped organize the activity. 

2.2.3. Continuous updating among partners 

Working closely together and continuous updating between and among partners were done 
through workshops and meetings. Through these venues, needs and gaps were identified for further 
action of the different partners to speed up AWD dissemination. Strategic actions were then decided 
upon. 

2.3. Data collection and analysis 

The study used both qualitative and quantitative methods and analyses. Data from 2002 to 2012 
were collected and analyzed. Focus group discussions and key informant interviews were utilized in 
collecting qualitative data. Discussions and interviews were done with farmer partners, members of the 
partnership, and other farmers in the sites where AWD was introduced. The main focus of the 
discussions and the interviews was the documentation of the context, processes and mechanisms used, 
outcomes, and impacts. Outcomes were measured in terms of adoption and diffusion of AWD and 
impacts in terms of the consequences of AWD adoption.  

Four survey data sets complemented the on-farm experimental data from farmer participatory 
research in 2002 and 2003. The first survey was conducted in 2004 to monitor initial adoption in the 
participating trial site. This involved 63 farmers within the P-38 deep-well IA, including cooperators in 
the participatory trials.  

Since AWD was implemented on a wider scale through the initiative of NIA, a second survey was 
done in 2006−2007 to assess farmer adoption and impacts among 319 farmers from the 25 deep-well 
pump systems in Tarlac province. The third and fourth surveys were done in 2006 and 2011, 
respectively, to assess the changes in area cultivated, yield, and mean net income of rice farmers in the 
Bohol Irrigation System (BIS) 1 in Bohol Province. AWD was implemented in 2006 in BIS 1, which 
was a gravity irrigation system with an irrigable area of more than 4000 ha. 

Descriptive statistics such as frequency counts, percentages, means, and standard deviations were 
used to determine the proportion of rice farmer-respondents who adopted AWD as a result of the 
dissemination activities and to compare the effects of AWD adoption on area cultivated, average yield, 
and net income of rice farmers. As to the impact of the AWD technology, the “with and without 
program” and “before and after” analyses were employed in Tarlac and Bohol, respectively. Results of 
the impact assessment of AWD were published for the Tarlac data and for the Bohol data, but these 
will also be briefly discussed and cited in this paper [20,21]. 
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3. Results and Discussion 

3.1 AWD learning through joint experimentation  

3.1.1. Farmer learning about AWD 

Through joint experimentation by farmers and scientists, farmers were able to observe and see the 
differences between the plots using FP and those using AWD. They observed that there was no yield 
difference between FP and AWD plots, and that AWD plots saved a lot of water, time, and labor and 
fuel costs in irrigation. They also noticed more tillers in the AWD plots. However, they got lower 
yields when water rotation took a long time. 

Empirical evidence jointly measured by researchers and farmers corroborated farmers’ 
observations regarding AWD (Table 1). The on-farm experiment had shown that AWD indeed saved 
water significantly by 21−26%, irrigation labor by 9−11%, fuel consumption by 41−44%, and 
irrigation cost by 35−39% in the 2002 DS and 2003 DS [22]. Also, there was no significant yield 
difference between AWD and FP plots in both years. 

Table 1. Mean and per cent difference between farmers’ practice (FP) and AWD plots for selected 
variables, 2002 DS and 2003 DS farmer participatory experiments 

  2002 2003 
 FP AWD % mean1 

difference 
FP AWD % mean 

difference 
Water used (mm/ha) 743a 587b 21  714 a 525 b  26 
Total fuel consumption (li/ha) 356 a 199 b  44  430 a 255 b  41 
Costs for fuel and oil (real cost, US $/ha, base 
year = 2002) 

99.07a 60.39b 39  119.54 a 77.32 b  35 

Labor for irrigation (man days/ha) 12.12a 9.1b 25 14.12 a 11.12 b  21 
Yield (tons/ha) 5.4a 5.4a 0 6.2 a 6.1 a 1.6 
Net returns2 (real cost, US $/ha, base year = 
2002) 

524.38a 542.74a +0.03 655.73 a 622.22 a −0.05 

% mean difference = ((FP-AWD)/FP) * 100 

For details of cost and return analyses [22] 

The yields and net returns of AWD were not significant in both 2002 DS and 2003 DS. However, 
AWD had added benefits such as water savings, less labor and time allotted by farmers for irrigation, 
and lower fuel consumption and costs. The reduction in irrigation labor implies either less fatigue for 
farmers or additional potential income from opportunity costs. 

Similar results were also observed [23,24]: AWD as a rice management practice reduced water 
use by up to 30% and could save farmers money on irrigation and pumping costs. Likewise, AWD did 
not reduce rice yields [21,22,24,25]. Considering the high volatility of the prices of fuel and the 
aforementioned benefits of AWD over common farmers’ irrigation practices, AWD would still be a 
better alternative irrigation scheme. 
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3.1.2. Adoption and adaptation of AWD by P-38 ISC rice farmers 

(1) Negotiating for implementation in an ISC: Adoption process of AWD  

Shortly before the start of AWD implementation in the P-38 ISC, there was tension arising from 
water use because of the increase in membership and service area, which lengthened the water delivery 
intervals. The implementation of AWD increased the tension because farmers were apprehensive to 
see dry rice fields with cracked soil [22]. Although AWD implementation in P-38 ISC was a collective 
decision influenced by results of the participatory experiments and actual observations made by other 
members of the P-38 ISC, still many farmers had doubts about getting the same yields. For this reason, 
some farmers stole water by placing holes underneath paddy dikes, hidden from other farmers’ eyes. 
Conflicts increased but these were resolved through the intercession of village officials, particularly 
the village security officers. 

Another decision of the ISC was to stop availing itself of the NIA loan for fuel and oil, which was 
part of the ISC operation scheme. To cover costs for fuel and maintenance, the ISC policy to access 
irrigation changed from using NIA-provided fuel and oil to individually-provided ones because many 
farmers did not pay their fees. Each farmer needed to bring his own fuel and oil to the pump to irrigate 
his field. This solved the occurrence of free riders. There was a remarkable 40%-decrease in the total 
amount of fuel and oil used, consistent with the experimental findings in Table 1. This was much 
expected because, when the cooperative was using fuel provided by NIA, farmers were so lavish in 
their use of fuel. When it was individually provided, they became very prudent in its use. Since AWD 
reduced water consumption, the technology became a significant factor in solving their operational 
problems and motivated farmers to cooperate. At the end of the second year of participatory 
experimentation (2003 DS), social capital was enhanced through deepened mutual trust within P-38 
members and between partners, resulting in the practice of AWD at the system level.  

(2) Farmer adaptation of AWD by P-38 ISC rice farmers 

During the conduct of the experiment in 2002 DS, the farmers used the suggested perched plastic 
tube in monitoring the water level below the surface. However, after a season- long implementation, 
farmers replaced the perched plastic tube with a perched bamboo tube, and the steel tape measure with 
a meter stick [26]. At the same time, instead of monitoring the irrigation water and measuring the 5-cm 
water depth requirement for AWD, they just maintained it by reducing a certain portion of the paddy 
bunds [26]. So, they no longer measured the 5-cm water depth in their respective farms because the 
water automatically flowed to the next paddy after one was fully irrigated. After one year of AWD 
implementation, the farmers just stomped on the soil to see if irrigation was needed instead of using a 
perched tube.  

This farmer adaptation and adoption of AWD illustrated the importance of experiments jointly 
participated in by partners, especially the farmers, in the development and utilization of knowledge 
through the experiential learning process. Here, local knowledge emerged through sequential 
reflection and corresponding actions by the members in the network and partnership. This local 
knowledge was utilized by actors in the multi-stakeholder partnership for research planning and AWD 
out-scaling [26]. Farmers themselves served as resource persons during field days, sharing their 
hands-on experience and AWD adaptation.  
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3.2. Partners’ capacity building and dissemination efforts 

The engagement of partners in the MSP for AWD dissemination brought out each partner’s core 
competence and experience about the theory and application of AWD. It has also increased the 
capacity of partners and has built synergies to co-create something new (e.g., new projects from 
independent funding), in this case, for AWD dissemination [27,28]. The partners’ institutional 
learning capacity has expanded through in-house training and other innovative activities for extensive 
dissemination efforts. Altogether, the capacity building and disseminating efforts have continuously 
built-up the social capital in the MSP. 

3.2.1. NIA 

Following the positive results in P-38 ISC, “water savings” became a banner program for ISC and 
IA strengthening at the national level [27]. Large-scale dissemination in the deep-well system was 
done through the ISCs and the IAs took care of spreading it among gravity system users. For one, in 
Tarlac province, AWD was promoted in 72 deep-well systems covering 3,354.7 ha of land for 2,256 
farmer members through the Tarlac Groundwater Irrigation Systems Reactivation Project 
(TGISRP) [24]. The AWD was introduced in a number of national irrigation systems in the country, 
such as the Bohol Irrigation System 1 (BIS 1) in 2005 and Upper Pampanga River Integrated Irrigation 
System (UPRIIS) in 2007. AWD was implemented in BIS 1, covering more than 4000 ha with around 
4000 farmers [21]. The AWD promotion in UPRIIS was a collaborative effort by NIA and PhilRice. 

With a slogan, “More crop per drop,” NIA promoted water-saving in its projects such as the 
Irrigators’ Association Strengthening Support Technical Cooperation Project to counter problems of 
low cropping intensity and cycle-of-irrigation-related problems: involving unstable water supply; 
unstable or decreasing crop production; decrease in farmers’ income; decrease in irrigation service fee 
(ISF) collection; and deterioration of irrigation management [27]. Empowering farmers with 
knowledge on efficient water use was seen by NIA as a solution to the aforementioned water 
management problems. Several training and dissemination activities were conducted, e.g., 
techno-demonstrations on AWD managed by the farmers themselves (Table 2).  

There was widespread awareness of water-saving technologies in the different NIA offices 
through the Lakbay-aral (Study tour) program. Large-scale dissemination of AWD technology was 
undertaken by various NIA provincial offices countrywide. 

Table 2. Training and dissemination activities, 2005−2006 and 2009−2011 

Activity Years Participants 
Train ing (3 batches) 2005−2006 450 farmers 
Train ing (12 batches) 2009−2011 447 farmers, government agency staff, students 
Cross-visits/study tours 30 IA leaders, 3 NIA staff 

Source: Data came from interviews with NIA officers and farmers. 

3.2.2. Bureau of Soil and Water Management (BSWM) 

The Bureau of Soil and Water Management is another agency under the Department of 
Agriculture of the Philippines. It was not originally a partner agency but it became a new partner, 
through NIA, as the different activities moved forward. The agency has the mandate to develop 
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shallow groundwater and small impounding systems throughout the country. It is likewise mandated to 
coordinate the implementation of small-scale irrigation projects that have been proven effective in 
mitigating the impacts of El Nino events in the country. The BSWM was engaged through another 
collaboration project and through its relations with NIA; it also got interested in managing smaller 
irrigation systems. 

The water-saving technologies of AWD and aerobic rice were used by the BSWM in training 
farmers in shallow water impounding project (SWIP), small gravity irrigation systems, and shallow 
tube wells (STW). Since the start of the partnership, the BSWM has incorporated AWD in its training 
activities for its farmer clients. From 2005 to 2007, a total of 327 extension staff and farmers 
participated in the different training activities of BSWM. 

3.2.3. PhilRice 

The water-saving technologies were used in three of the four programs of PhilRice: Favorable 
Environment; Unfavorable Environment; and Knowledge Management. Research on AWD has been 
continuous since the partnership started with the TTWS Project. From AWD, PhilRice has expanded 
the technology to “controlled irrigation,” which it used to mean water savings in rice production from 
land preparation to harvest, as opposed to alternate wetting and drying from planting to harvest.  

The UPRIIS project initiated by PhilRice in collaboration with NIA in 2006 implemented a pilot 
area of 293 ha and 200 farmers [28]. The goal was to achieve equitable distribution of water within the 
UPRIIS, thereby increasing ISF collection. Following the successful pilot project, AWD 
implementation was targeted to 20% (16,000 out of 82,000 ha) of the UPRIIS service area. One 
motivation was that the water saved could be sold for use in hydroelectric power generation, thereby 
having additional income for the agency. The water was sold at 30 centavos per cubic meter. Research 
findings on AWD have been incorporated into many of its research information dissemination 
activities, specifically addressing conditions of water scarcity such as what happened during dry spells 
in August 2007 onward. Furthermore, PhilRice has conducted seven trainings of trainors (ToTs) on 
water saving from 2005 to 2007 to speed up AWD dissemination. There were 256 participants, mostly 
technicians and farmers, who served as “trainors” in their respective localities. 

3.3. Impacts of using AWD at different levels: Implications for food security 

This study aimed at exploring the partnerships and drivers toward the implementation of a 
water-saving technology at various levels. This section discusses the impacts of these partnerships and 
drivers, particularly on what these imply for issues around food security. 

3.3.1. Farm-level economic impacts 

With the implementation of AWD at the P-38 deep-well system, farm-level economic impacts 
were observed. On a per-hectare basis, there was a significant increase in yield but this result was not 
conclusive (Table 3). The increase in production of 11.5% may be attributed to better management 
practices introduced along with the practice of AWD, such as the right kind, timing, and amount of 
fertilizer used. Some findings though have shown that AWD could increase rice yield [28-30]. 
However, others found no effect on yield for the pump system [20,22,24]. 

The implementation of AWD at the P-38 deep-well system level did not significantly increase net 
returns (Table 3). Although there was a significant decrease in production cost due to less fuel use from 
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AWD practice (Tables 3 and 4), still the nominal increase of net returns was not significant because of 
the high fertilizer prices in 2005. Similar findings were also noted in another study [31]. 

Table 3. Average yield, cost, and returns of P-38 users in 2003 and 2005 

ITEM 
2003 

(n = 63) 
2005 

(n = 33) 
RETURNS   
Yield (kg/ha) 4550 5,191.38 
Gross returns (P/ha) 857.92 967.88 
COSTS (P/Ha) 
Material 

  

Seed  21.61 11.18 
Fertilizers 71.99 97.30 
Pesticides 7.55 

92.94 
19.73 
8.14 

9.70 
Fuel consumption for irrigation  44.53 
Food 17.19 
Tractor rent 6.97 
Others 27.87 24.16 
Total material cost 249.84 211.03 
Labor    
Seedbed preparation 3.63 3.11 
Land preparation 10.85 7.76 
Transplanting 41.90 39.49 
Fertilizer application 0.53 

0.33 
0.32 

133.49 
29.80 

0.44 
Pesticide application  0.35 
Hand weeding 0.00 
Post-harvest 112.39 
Permanent labor 30.49 
Total labor cost 222.84 194.03 
Total production cost 470.68 405.06 
NET RETURNS (P/ha) 391.42 393.48 

Table 4. Fuel consumption, number of irrigation, and hours per irrigation of P-38 users in the 2003 and 
2005 dry seasons 

Parameter 2003 DS 2005 DS % change 

Total number of irrigation  10 10  0 
Mean hours/irrigation  7.6 3.96 −48 
Total fuel consumption (li/ha) 323.7 193.7 −40 

 
The water use reduction among P38 farmers can be inferred from the number of hours spent for 

irrigating one’s field and irrigation fuel consumption (Tables 3 and 4). While irrigation frequency was 
generally the same, irrigation time for every application was reduced by 48%, from 7.6 hour to 4.0 
hour. This reduction was due to the shift from the traditional practice of fully flooding the field to 
fulfilling the 5-cm water depth requirement under AWD. With farmer adaptation of reducing paddy 
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bunds, farmers strategized their irrigation scheme in such a way that, even if only some portions were 
irrigated, they stopped using pumps because they calculated that water would flow to the rest of the 
paddies after a few hours. The significant reduction in labor spent for irrigation allowed farmers to 
spend a substantial portion of their time doing other things. 

Further analysis done in 25 ISCs from 25 deep-well systems in Tarlac province revealed that 
AWD effectively reduced the hours of irrigation use by about 38%, without a significant reduction in 
yield and profit [20]. These findings are consistent with those seen for the pump system [30]. Although 
AWD did not have a significant increase in yield, water productivity in rice was observed to be higher 
with the use of AWD because the decline in water input was larger than the decrease in yield [31].  

For the gravity system, a study in Bohol further confirmed that AWD might have had a significant 
contribution to changes in profit but not in yield [21]. These findings are consistent with results of 
other studies [28,32] that showed no yield penalty with AWD. However, the implementation of AWD 
in BIS 1 in Bohol resulted in an increase in rice cultivated area, particularly those downstream: an 
average increase of 0.20 ha cultivated by each farmer during the dry and wet seasons [21,33]. This 
increase can be attributed to the equitable distribution and reliability of irrigation water brought about 
by the implementation of AWD [34]. The certainty of water supply also resulted in the closing of the 
yield gap between upstream and downstream farmers [21]. Considering that, in the Philippines, about 
90% of irrigated rice area is using gravity systems and approximately one-third of the irrigated area is 
downstream, more farmers will benefit from the effect of AWD and this will be mostly felt in the dry 
season [35]. 

Availability, access, and efficiency of using fresh water for irrigation have been identified as key 
issues that affect food security at a global scale [36,37]. These findings on the impact of AWD, 
whether in deep well systems or larger gravity irrigation systems, imply that use of AWD at system 
level leads to expansion of the number of farmers who could access scarce water resources for rice 
farming, and expansion of rice cultivated areas.  

As in the P-38 experience of AWD, its service area has increased from 50 to 70 ha because the 
farmers need not use the pump often, allowing others to avail themselves of its use [22]. And in the BIS 
1 experience, the total area cultivated increased by 41.30 ha in the dry season and by 42.31 ha in the 
wet season. This illustrates that limiting the water being used by farmers through AWD can still 
sustain the yields for farmers. The same amount of rice could be produced using less water, and 
ensuring that more farmers could access irrigation water. An increase in irrigated area at the system 
level, both deep-well and gravity systems [20-22,35], can lead to higher rice production, both at the 
farmer and country levels. Moreover, AWD was projected to be potentially adopted on the 20 million 
hectares of irrigated rice land in the world that are estimated to be under water scarcity by 2025 [34]. 
Hence, AWD can benefit many poor rice farmers in Asia through maintaining and improving the 
economic and environmental sustainability of their livelihoods. As a result, this allows them to further 
contribute to local, national, and global food security.  

3.3.2. Sociocultural impacts 

Socio-cultural impacts were measured in terms of changes in farmers’ perceptions and beliefs 
about the utilization of water in rice production. Also included were the changes in people’s lives 
including women and children as observed and validated through narratives by people in the 
community. 
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Farmers in the P-38 irrigators’ cooperative have become more confident that the practice of 
allowing the field to be without standing water is not harmful to the plants. Around 79.4% thought that 
less water would not hurt the crop and 77.2% believed that more water was not necessarily better for 
the plants. 

This change in perception and attitude toward water use in rice cultivation was translated into 
adoption of AWD and resulted in greater community cohesion [22,33]. Similar scenarios on adoption 
of technology and community cohesion were evident, with resulting changes of perceptions about 
ecologically based rodent pest management [38,39]. 

Despite the minimal length of time each farmer was allowed to use the pump, farmers who have 
adopted AWD were no longer anxious about their crop. They were already satisfied with their 
irrigation schedule (94.3%) using AWD principles. This was in contrast to the tension arising from 
pump sharing as people got into conflict over the use of the pump. This situation was also earlier 
experienced by the P-38 farmers with the introduction of AWD, but the conflict was resolved because 
farmers have achieved equitable use of the pump [22]. 

Less use of water has also increased the domestic water supply in the village. In the past, people in 
the village, usually the women and children, had to walk long distances to fetch water from a common 
well prior to the establishment of the P-38 deep well. After the pump became operational, the members 
coordinated with the local government unit to have a water tank installed for domestic water use. With 
the implementation of AWD in the P-38 deep-well system, farmers were not using the pump as much, 
allowing more time for the pump to store up water for domestic consumption. As a result of using the 
pump less, more domestic water became available to the village. In the past, the tank was only filled 
once in the morning and once in the afternoon. After the implementation of AWD, the pump was used 
even in the middle of the day to fill up the overhead tank for domestic consumption, ensuring that there 
was water in the homes for most of the day. Women and children were freed from the task of fetching 
or storing water for household use. 

The balance between competing stakeholders who need to access water is an issue inherent to 
addressing global food security. On one hand, food production is important, but there are various 
stakeholders who require access to the same resource. In this case, the perspective of innovation 
systems points to negotiations among different groups in a community as being necessary to 
scheduling users, implementing rules, and creating new, workable arrangements for different groups. 
Such changes on the social side go hand in hand with the technological changes as farmers and 
managers of the irrigation system implement AWD. 

3.3.3. Policy impact 

Policy changes are required for some innovations to be embedded in systems [40]. In the case of 
AWD, the supportive policy frameworks, which have developed over time through the efforts of 
various actors, were critical factors for the extensive AWD dissemination. On one hand, it was an 
outcome of the strategies implemented by the stakeholders who were supportive of AWD 
implementation; at the same time, it also created synergies required to scale out the implementation. 
This highlights the interrelatedness of various dimensions of change required to address food security. 

The Philippine national government issued a policy through Administrative Order (AO) 25 of the 
Department of Agriculture in December 2009 on “Guidelines for the adoption of water-saving 
technologies (WST) in irrigated rice production systems in the Philippines” [41]. This DA-AO 25 was 
the policy support for the nationwide adoption of AWD in the country. 
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The successful adoption of AWD in TGIS, UPRIIS, and BIS became the basis of the formulation 
of Administrative Order (AO) 25. In March 2008, the Water Saving Workgroup of IRRC in the 
Philippines met at IRRI to form a team to come up with policy support to effect nationwide 
dissemination and adoption of AWD. In April 2008, a technical working group (TWG) was created by 
the DA Secretary through Special Order (SO) 266 to formulate implementing guidelines in the adoption 
of water-saving technologies for rice in the Philippines (DA 2008). After several meetings, the TWG 
drafted the guidelines and did public consultations regarding the guidelines throughout the country. 
Four island-wide consultation meetings were conducted from June to August 2009, which were 
participated in by NIA personnel in the regional and system levels, officials of confederated IAs, 
regional and provincial agriculture officials, representatives from the state colleges and universities, and 
NGOs. In November 2009, the Department of Agriculture (DA) Administrative Order (AO) 25 was 
issued by the DA Secretary; it provides the guidelines for the adoption of Water-Saving Technologies 
(WST) in irrigated rice production systems in the Philippines (41). After the issuance of the order, a 
series of technical briefings were carried out in different regional irrigation offices in the country for 
effective implementation of the technology. 

With the associated funding from the AO 25, AWD implementation of NIA all over the country 
was further accelerated. Likewise, collaborative research activities of PhilRice on AWD have 
increased, enhancing and refining AWD applications in different agroecological and climatic farming 
conditions. Moreover, the Philippine government included it in the country’s adaptation and 
mitigation initiative for implementing climate smart agriculture [42]. 

3.4. The partnership and lessons learned: building and strengthening linkages 

Critical to the success of the partnership is the recognition of shared interest, commitment to 
common goals, and partners having a stake in the outcomes [12,43]. All the partners in the AWD MSP 
have varied but complementary stakes. In the case of NIA, the need for efficient water use in 
water-scarce areas and for sustaining irrigation infrastructure despite rising fuel costs was motivation 
enough to introduce the technology in deep-well systems. For PhilRice, the mandate of leading in 
attaining and sustaining rice self-sufficiency was a prime motivation to disseminate it for sustainable 
rice production amidst water scarcity. For the P-38 ISC, the motivation of spending less in fuel cost for 
pump irrigation and attaining higher income was a key driver to validate the AWD in their respective 
farms. Thus, at the beginning of this partnership and within the background of the TTWS 
implementation, a memorandum of agreement with outlined responsibilities of partners was in place. 
This was the framework within which the partners patterned their respective courses of action and their 
expectations of one another. This way, overlaps and gaps in functions were identified and properly 
addressed. 

The existing social relations, developed through past collaborative engagements between and 
among the members of the AWD MSP, had facilitated the MSP process resulting in wide-scale 
dissemination of the AWD technology. IRRI and IRRC through ICOP, had a network of national 
research and extension institutions such as PhilRice and NIA. NIA, on the other hand, had been 
working with farmer officers and members of IAs and ISCs in the whole country. At the same time, 
NIA and PhilRice had been working together for the rice self-sufficiency program of the country. 
Altogether, it resulted in an effective facilitation role of IRRI and IRRC in the MSP process and in the 
implementation of the project.  
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The partnership with farmers, as brought about by the participatory experiment approach of the 
TTWS, engaged end-users in the development and validation of the technology. This allowed partners 
to learn about the necessary conditions in which groups of users, such as in an irrigators’ service area, 
should organize themselves to enable better access to scarce water resources. The dynamic 
negotiations between farmers who use irrigation, and those who access pumped water for domestic use, 
show a balance wherein collective understanding, norms, and rules supported the change in practice of 
farmers. The frequent interaction of partners including farmers and the farmer group has generated 
more trust among themselves in the MSP. 

There were challenges though in the implementation of AWD at the P-38 system level. For the 
rice farmers, water is life because rice production is their common source of livelihood and source of 
food security. At the initial AWD implementation, there was tension because farmers were 
apprehensive of seeing dry rice fields with cracked soil. This resulted in stealing of water by some 
farmers, who punched holes underneath their paddy dikes next to the paddies with irrigation, hidden 
from other farmers’ eyes. Conflicts were resolved through the mediation of village officials, 
particularly the village security officers. The trust and confidence of farmers, and the experiential 
learning of partners individually and collectively, were built-up within and among partners in the MSP 
through the project implementation process.  

The policy outcome of AO 25, which facilitated the speedy dissemination process of AWD, 
illustrated that choosing the right representative from each partner group was also necessary in 
strategic partnership [12,44]. If the chosen representatives are in decision-making positions within 
their agencies, necessary authority in policy changes, for example, can be easily obtained. In this AWD 
MSP, the representatives were those in power and position to influence the higher authority to modify 
processes or negotiate policy changes [43]. Also, the chosen participant farmers and leaders of the 
cooperative were actually instrumental in making the necessary policy changes in the P-38 ISC, which 
enforced the implementation of AWD in the P-38 deep-well system. 

Strengthening of linkages has been an area for learning in partnerships. A strong linkage will 
foster more linkages because of continuous assessment of gaps within the linkage [45]. This means 
constant communication between partners and consistent involvement of all partners through all the 
activities. Between 2009 and 2011 alone, there were 22 activities on AWD conducted for partners. 
These linkage activities were mostly trainings, but they also included some workshops and meetings 
for furthering the activities of the alliance thereby increasing trust and confidence for each partner 
member in the AWD MSP. 

The strengthening of linkages in the MSP has improved the learning and extension capabilities 
among partners [45]. The research capacity of both NIA and PhilRice was enhanced through the 
project, resulting in two major publications and presentations in national and international conferences. 
PhilRice has continued to do research on efficient irrigation management by its own, even after the 
TTWS, such as the transformation of AWD into controlled irrigation or CI. The agency has 
disseminated the technology in different areas of the country considering respective agro-ecological 
conditions. NIA also disseminated the technology in other deep-well and gravity irrigation systems, 
making AWD its banner program nationwide. It has generated its own innovations in local 
implementations and within its own networks such as the BSWM. Consequently, the social learning 
among research and extension partners of the AWD MSP and member networks happened.  

Strengthening of linkages also means continuous assessment of aspects in the partnership that 
need to be addressed. While there is no single formula in making sustainable linkages, FAO research 



305 
 

AIMS Agriculture and Food  Volume 2, Issue 3, 290-309. 

pointed out the need for careful analysis of constraints and opportunities that are present in the specific 
situation of each partner [46]. 

In the case of AWD in Tarlac, Philippines, water is pumped from the ground; the pump itself is a 
common property resource managed by an association of irrigators. The farmers follow a specific 
schedule that they have been using for years. The pattern for water use is governed by rules set around 
the common property resource. With the introduction of a water-saving technology through the 
partnership, these farmers had to reassess the best use of the common property. As farmers changed 
their actions when they adopted AWD, they slowly made changes in the use of the pump, which 
resulted in a revised schedule for all other users, and consequently the adoption of the AWD pattern of 
irrigation for the rest of the farmers in the group. As the partner agencies found positive effects based 
on farmer feedback, they were able to create innovative ways of engaging with other farmer groups in 
the country across types of irrigation systems, effectively disseminating the technology to more 
farmers. 

Another important point is the role of learning among partners in the MSP in the effective scaling 
out of AWD. A common extension tool is the transfer of technology approach, which is in the title of 
the initial project, TTWS. However, the partnership actually used a participatory approach in 
introducing AWD. From this approach the partners obtained more than just the linear benefit of getting 
new knowledge. For one, IRRI and PhilRice as research institutions were able to learn from the 
experience of farmers, enough to validate the technology. The NIA found that the AWD technology 
was viable for use in irrigation systems for more efficient and equitable use of water. The farmers 
learned about a technology that could minimize their water use, which could in turn translate into 
lower fuel expenditure. The partners were getting benefits for their own use while they were also 
contributing to one another; eventually they were able to bring it out to a larger number of farmers 
through the synergy of their respective networks. 

The participatory approach stands on the systems paradigm where innovation (technical and 
institutional) comes from multiple sources, including farmers [47]. In addition, the agricultural 
knowledge and information system in extension literature involves all stakeholders as information 
sources in the goal of creating systems that assist in the generation and dissemination of 
knowledge [48]. The systems paradigm emphasizes the importance of learning as a means of evolving 
new arrangements that are suited to local contexts. Hence, partnership between different agencies and 
actors is required. Innovation is not research-driven but it is a process of generating, accessing, and 
putting knowledge into use, making the interactions of different people, the ideas that they have, and 
the social setting of these interactions an important part of extension [49,50]. In the innovation system, 
this strengthening of linkages, partnerships, or strategies of inclusion, are actually illustrations of the 
building-up and enrichment of social capital [19,50-52].  

Lastly, because of this paradigm, the assessment of performance does not stop at adoption of 
technologies, which is a common pitfall in extension efforts [49]. The measure of effectiveness of the 
partnership is in the impacts that are experienced by the farmers and farming communities such as 
economic impacts at the farm level and sociocultural impacts. Thus, the social capital built up and 
enhanced in the MSP has generated: (a) natural capital through more food availability to farmers and 
community with the increase in yield, though this is not consistent across type of irrigation system; (b) 
financial capital through reduction in the amount of fuel use and time spent in irrigation which opens 
up opportunity cost for other sources of income, and possible increase in net returns from rice farming; 
(c) cultural capital through increase in knowledge about AWD from experiential learning resulting in 
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farmer adaptation; (d) physical capital in the form of local materials developed as tools for need-based 
irrigation. To this end, the contribution of the adoption of AWD to addressing food security has to be 
anchored on the impacts at a broader level, although much of the work is in coordination and 
negotiation among various actors in an innovation system.  

4. Conclusion 

The adoption of AWD by farmers within the irrigation system in the Philippines was facilitated 
by the partnership and the policy changes at different levels. It started with the establishment and 
fostering of a multi-stakeholder partnership, followed by securing the commitment and engagement of 
various key stakeholders. The involvement of all partners in experimentation and better interactions, 
instead of a top-down passing of knowledge, facilitated experiential learning, reflection, and further 
actions. With experiential learning and interaction, there was more opportunity for different 
organizations to learn from one another. For example, BSWM could implement similar strategies as 
NIA. 

For the partnership to happen, mutual benefits should first be established. The partners must first 
see the need to be in this partnership and appreciate the effect that the partnership will have on them 
later on. As they work closely together, partners build trust through which they collectively work 
toward a common goal. It is then important to see how each partner plays a role in the partnership, then 
later on identify new partners who could be part of the alliance. 

Once the partners are empowered with knowledge that they actively produced and skills to 
implement activities for dissemination, they can work outside the partnership and bring these to their 
other networks so that wider dissemination occurs. This way, the spread of technologies and obtaining 
policy support are achieved as in the case of AWD. This has led to various impacts such as more 
equitable distribution of irrigation water, or expanding access to cover not only farmers but also 
household water users. At the same time, the adoption of AWD by farmers has not reduced their yields. 
Thus, it has implications on food security through addressing issues around water, while sustaining 
food production. 

Acknowledgments 

We are grateful to Dr. Bas Bouman and Dr. Grant Singleton of IRRI for their support throughout 
the research process. We also acknowledge the contributions of our many partners, particularly 
officers, field engineers, and managers from: the National Irrigation Administration at various levels in 
Tarlac, Nueva Ecija, Bulacan, and Bohol; staff of Philippine Rice Research Institute, Irrigated Rice 
Research Consortium (IRRC), and Anthropology group of Social Sciences Division of IRRI; local 
government units from Tarlac and Bohol; and Filipino rice farmers with special reference to members 
and officers of P-38 in Canarem, Victoria, Tarlac and BIS1, Pilar, Bohol. We also acknowledge the 
funding from Swiss Agency for Development and Cooperation (SDC) through the IRRC. 

Conflict of interest 

The authors declare no conflict of interest in publishing this paper.  

 



307 
 

AIMS Agriculture and Food  Volume 2, Issue 3, 290-309. 

References 

1. McLean J, Hardy B, Hettel G (2013) Rice almanac, 4th edition, Los Baños, Philippines, 283. 
2. Voice of America (VOA) Asia-home to half the world’s population is graying, 2006. Available 

from: http://www.voanews.com/content/a-13-2006-07-11-voa23/323006.html. 
3. Bouman BAM, Tuong TP (2001) Field water management to save water and increase its 

productivity in irrigated lowland rice. Agri Water Manag 49: 11-30. 
4. Bouman BAM, Hengsdijk H, Hardy B et al. (2002) Water-wise rice production, Proceedings of 

the International Workshop on Water-wise Rice Production, Los Baños, Philippines, 356. 
5. Wopereis MCS, Kropf MJ, Maligaya AR, et al. (1996) Drought-stress responses of two lowland 

rice cultivars to soil water status. Field Crops Res 46: 21-39. 
6. Lampayan R, Bouman B, de Dios J, et al. (2004) Adoption of water-saving technologies in rice 

production in the Philippines. Food Fertil Technol Cent Ext Bull 548: 15. 
7. De Dios J (2006) Controlled irrigation: water-saving method in rice production. Nueva Ecija: 

Philippine Rice Research Institute. 
8. Palis FG, Singleton GR, Casimero MC (2010) Strengthening research and extension partnerships 

for impact: lessons from case studies, In: Palis FG, Singleton GR, Casimero MC, et al. Author, 
Research to impact: case studies for natural resource management of irrigated rice in Asia, 
Philippines: International Rice Research Institute, 1-13. 

9. Dowling N G, Greenfield S M, Fischer K S (1998) Sustainability of rice in the global food system. 
Sustainability Rice Glob Food Syst. 

10. Glover D, Venot JP, Maat H (2017) On the movement of agricultural technologies: Packaging, 
unpacking and situated reconfiguration. In, Sumberg J, Andersson J, Thompson J, Agronomy for 
Development: The politics of knowledge in agricultural research, London: Earthscan.  

11. Vanclay, F (2004) Social principles for agricultural extension to assist in the promotion of natural 
resource management. Aust J Exp Agri 44: 213-222. 

12. Gray, B, Stites, JP (2013) Sustainability through Partnerships: Capitalizing on Collaboration. 
Network for Business Sustainability.  

13. Leeuwis C, Aarts N (2011) Rethinking Communication in Innovation Processes: Creating Space 
for Change in Complex Systems. J Agri Educ Ext 17: 21-36. 

14. Loorbach D (2007) Transition Management: New Mode of Governance for Sustainable 
Development. PhD dissertation, Erasmus University, Rotterdam. 

15. Van Woerkum CMJ, Aarts MNC, de Grip K (2007) Creativity, Planning and Organizational 
Change. J Org Change Manag 20: 847-865. 

16. Hall AJ, Yoganand B, Sulaiman RV, et al. (2004) Introduction, In: Hall AJ, Yoganand B, 
Sulaiman RV, et al., Innovations in innovation: reflections on partnership and learning. India: 
International Crop Research Institute for the Semi-Arid Tropics, 1-26. 

17. Lundvall B (1992) National systems of innovation. Toward a theory of innovation and interactive 
learning, London: Pinter Publishers. 

18. Bandura, A (1977) Social learning theory.  
19. Putnam R (1995) Bowling Alone: America’s Declining Social Capital. J Democracy 6: 65-78. 
20. Rejesus RM, Palis FG, Rodriguez D, et al. (2011) Impact of the alternate wetting and drying 

(AWD) water-saving irrigation technique: evidence from rice producers in the Philippines. Food 
Policy 36: 280-288.  

http://www.voanews.com/content/a-13-2006-07-11-voa23/323006.html


308 
 

AIMS Agriculture and Food  Volume 2, Issue 3, 290-309. 

21. Valdivia CMD, Sumalde ZM, Palis FG, et al. (2016) Effects of Alternate Wetting and Drying on 
Rice Farming in Bohol, Philippines. Philippine J Crop Sci 41: 1-7 

22. Palis FG, Cenas PA, Bouman BAM, et al. (2004a) Farmer adoption of controlled irrigation in rice: 
a case study in Canarem, Victoria, Tarlac. Philippine J Crop Sci 29: 3-12  

23. Richards M, Sander BO (2014) Alternate wetting and drying in irrigated rice. Ccafs. 
24. Lampayan RM, Palis FG, Flor RB, et al. (2009) Adoption and dissemination of “safe alternate 

wetting and drying” in pump-irrigated rice areas in the Philippines. In: Proceedings of the 60th 
International Executive Council Meeting and 5th Asian Regional Conference, New Delhi, India. 

25. Siopongco JDLC, Wassmann R, Sander BO (2013) Alternate wetting and drying in Philippine rice 
production: feasibility study for a clean development mechanism. IRRI Technical Bulletin No. 17. 
Philippines: International Rice Research Institute. 

26. Palis FG (2017) Integrating indigenous knowledge for technology adoption in agriculture, In 
Sillitoe P, Indigenous knowledge: Enhancing its contribution to natural resources management, 
UK: CABI Publishing. 

27. TCP2 newsletter, NIA-Japan International Cooperation Agency (JICA) Irrigation Association (IA) 
Strengthening Support Project, TCP II, 2009. Available from: 
https://www.jica.go.jp/project/philippines/0702309/pdf/NewsLetter_0901.pdf 

28. Sibayan EB, de Dios JL, Lampayan RM (2010a) Outscaling AWD in a public-managed 
reservoir-type irrigation system: a case study in the Philippines, In: Palis, F.G. et al. Research to 
impact: case studies for natural resource management for irrigated rice in Asia, Philippines: 
International Rice Research Institute. 

29. Alam MS, Islam MS, Salam MA et al. (2009) Economics of alternate wetting and drying method 
of irrigation: evidences from farm-level study. The Agri 7: 82-89. 

30. Kürschner E, Henschel C, Hildebrandt T, et al. (2010) Water saving in rice 
production-dissemination, adoption, and short-term impacts of alternate wetting and drying 
(AWD) in Bangladesh. 

31. Cabangon RJ, Tuong TP, Castillo EG, et al. (2004) Effect of irrigation method and N-fertilizer 
management on rice yield, water productivity and nutrient-use efficiencies in typical lowland 
rice conditions in China. Paddy Water Environ 2: 195-206. 

32. Moya P, Hong L, Dawe D (2004) The impact of on-farm water saving irrigation techniques on 
rice productivity and profitability in Zhanghe irrigation system, Hubei, China. Paddy Water 
Environ 2: 207-215. 

33. Lampayan RM, Sibayan EB, Cabangon RJ, et al. (2013) AWD in Asia: resource conservation, 
climate change mitigation, and social conflict reduction. Colloid Journal of the Russian Academy of 
Sciences 33: 473-486. 

34. Lampayan RM, Rejesus RM, Bouman BA, et al. (2015) Adoption and economics of alternate 
wetting and drying water management for irrigated lowland rice. Field Crops Res 170: 95-108. 

35. Rejesus RM, Martin AM, Gypmantasiri P (2014) Enhancing the impact of natural resource 
management research: Lessons from a meta- impact assessment of the irrigated rice research 
consortium. Global Food Security 3: 41-48. 

36. Global Food Security, Global Issues on Food Security, 2016. Available from: 
http://www.foodsecurity.ac.uk/issue/global.html 

37. Programme U N E (2003) Global Environment Outlook 3. Past, Present and Future Perspectives. 
Climate Policy,3: 317-319. 

https://www.jica.go.jp/project/philippines/0702309/pdf/NewsLetter_0901.pdf
http://www.foodsecurity.ac.uk/issue/global.html


309 
 

AIMS Agriculture and Food  Volume 2, Issue 3, 290-309. 

38. Morin SR, Palis FG, Chien HV, et al. (2003) A sociological perspective on the community-based 
trap-barrier system, Hinds LA, Krebs CJ, Spratt DM Authors, In: Rats, Mice, and People: Rodent  
Biology and Management, ACIAR Monograph Series: 380-388. 

39. Palis FG, Sumalde Z, Hossain M (2004b) Assessment of rodent control projects in Vietnam: 
adoption and impact. Impact Assessment Series. 

40. Deak C, Peredy Z (2015) Policy framework conditions to foster “system innovation” with some 
illustration from an international perspective. J Innovat Manag 1: 14-24. 

41. Sibayan EB, de Dios JL, Lampayan RM (2010b) Policy support in nationwide dissemination of 
alternate wetting and drying irrigation management in the Philippines. The 3rd International Rice 
Congress, Hanoi, Vietnam. 

42. Rudinas JS, Godilano EC, Ilag AG (2013) Implementing Climate Smart Agriculture 
Ridge-River-Reef: The Philippine Adaptation and Mitigation Initiative for Agriculture. ASEAN 
-FAO -GIZ Regional Expert Forum on Climate Change: Agriculture and Food Security in 
ASEAN. Nai Lert Hotel, Bangkok,  

43. Liporada C (1996) Sourcebook on Effective Partnership for Local Governance. Philippine 
Partnership for the Development of Human Resources in Rural Areas (PhilDHRRA) and 
Philippines-Canada Human Resource Development (PCHRD), Quezon City. 

44. Imel S Interagency collaboration: its role in welfare reform,1992. Available from: 
http://www.ericdigests.org/1992-3/welfare.htm. 

45. Atkisson A (2015) Multi-stakeholder partnerships in the post-2015 development era: sharing 
knowledge and expertise to support the achievement of the sustainable development goals. 
Background paper for the expert group meeting, United Nations Department of Economic and 
Social Affairs (UN-DESA/DSD), New York. 

46. Melaville A, Blank M (1991) What it takes: Structuring interagency partnerships to connect 
children and families with comprehensive services 57. 

47. Biggs S (1990) A multiple source of innovation model of agricultural research and technology 
promotion. World Dev 18: 1481-1499. 

48. Röling N (1990) The agricultural research-technology transfer interface: a knowledge systems 
perspective, In: Kaimowitz D, Author, Making the link: agricultural research and technology 
transfer in developing countries, Boulder: Westview Press, 1-42. 

49. Sulaiman VR, Hall AJ (2002) Beyond Technology Dissemination: Reinventing agricultural 
extension. Outlook Agr, 31: 225-233. 

50. Palis FG, Morin S, Hossain M (2005) Social capital and geography of learning: roles in 
accelerating the spread of integrated pest management. J Agr Edu Ext 11: 27-37. 

51. Coleman J (2000) Social Capital in the Creation of Human Capital, In: Dasgupta P, Serageldin I, 
Editors, Social Capital: A Multifaceted Perspective, Washington DC: World Bank, 13-39. 

52. Schuller T, Baron S, Field J (2000) Social Capital: A Review and Critique, In: Baron S, Field J, 
Schuller T, editors, Social Capital: Critical Perspective, UK: Oxford University Press, 1-38.  
 

© 2017 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0) 

https://www.researchgate.net/profile/Rhodes_Makundi/publication/260025210_Interaction_between_rodent_species_in_agro-forestry_habitats_in_the_western_Usambara_mountains_northeast_Tanzania_and_its_potential_for_plague_transmission_to_humans/links/0046352f2125b7eeee000000.pdf#page=371
https://www.researchgate.net/profile/Rhodes_Makundi/publication/260025210_Interaction_between_rodent_species_in_agro-forestry_habitats_in_the_western_Usambara_mountains_northeast_Tanzania_and_its_potential_for_plague_transmission_to_humans/links/0046352f2125b7eeee000000.pdf#page=371

	Research article
	A multi-stakeholder partnership for the dissemination of alternate wetting and drying water-saving technology for rice farmers in the Philippines
	Florencia G. Palis 1,2*, R. M. Lampayan1,2, R.J. Flor2, and E. Sibayan3
	The authors declare no conflict of interest in publishing this paper.
	References

