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Abstract

Water scarcity remains one of the most critical challenges facing global agricultural systems, particularly in 
arid and semi-arid regions where farming communities rely heavily on diminishing freshwater resources. 
Enhancing  agricultural  water  productivity  is  essential  for  ensuring  food  security  and  environmental 
sustainability. While significant investments have been made in sustainable irrigation technologies, the 
adoption rates and subsequent productivity gains often fall short of expectations. This paper investigates the 
complex interplay between sustainable irrigation technologies and social legitimacy in explaining water 
productivity outcomes in arid farming regions. By synthesizing perspectives from agricultural engineering, 
rural sociology, and institutional theory, this research proposes that technological efficacy is inherently 
bounded by the social  acceptance and institutional  embeddedness  of  the interventions.  We argue that 
pragmatic, moral, and cognitive dimensions of social legitimacy serve as critical mediating mechanisms that 
determine how irrigation technologies are implemented, maintained, and optimized by local end-users. The 
analysis  reveals  that  regions  exhibiting  high  social  legitimacy  for  water  conservation  policies  and 
technologies consistently demonstrate superior water productivity, regardless of the baseline technological 
sophistication. This study provides a comprehensive framework for policymakers and resource managers, 
emphasizing  that  sustainable  agricultural  water  management  requires  a  paradigm  shift  from  purely 
technocratic  solutions  toward  integrated  approaches  that  prioritize  community  engagement,  cultural 
alignment, and institutional trust.

Keywords: Water Productivity; Sustainable Irrigation; Social Legitimacy; Arid Agriculture; Arid Farming Regions

1. Introduction

1.1 Background and Context

The escalating crisis of global water scarcity poses an existential threat to agricultural production, economic 
stability, and human livelihoods. The intensification of climate change, characterized by erratic precipitation 
patterns, prolonged drought events, and rising mean surface temperatures, has disproportionately impacted arid 
and semi-arid farming regions. These areas, which encompass significant portions of the global landmass, are 
defined by structural moisture deficits where potential evapotranspiration vastly exceeds actual precipitation. 
Consequently, agricultural activities in these regions are fundamentally dependent on supplemental irrigation, 
drawing heavily from both surface water reservoirs and subterranean aquifers. The historical trajectory of 
agricultural  development  in  these  zones  has  often  prioritized  yield  maximization  through  the  extensive 
expansion of irrigated acreage, leading to the rapid depletion of groundwater resources and the degradation of 
aquatic ecosystems. As the global population continues to expand, driving an unprecedented demand for food 
and fiber,  the  imperative  to  optimize  agricultural  water  use  has  never  been more  urgent.  Policymakers, 
hydrologists,  and  agronomists  have  universally  recognized  that  the  traditional  paradigm  of  supply-side 
management  is  ecologically  unsustainable.  Instead,  the  focus  has  irrevocably  shifted  toward  demand 
management and the enhancement of water productivity, a concept broadly defined as the ratio of agricultural 
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output  to  the  volume  of  water  consumed.  Achieving  high  water  productivity  is  posited  as  the  primary 
mechanism through which arid regions can sustain agricultural output while simultaneously curbing aggregate 
water consumption [1].

1.2 The Technological Imperative and Its Limitations

In pursuit of enhanced water productivity, immense financial and intellectual capital has been directed 
toward the research, development, and deployment of sustainable irrigation technologies. These technologies, 
which  include  pressurized  drip  systems,  micro-sprinklers,  subsurface  irrigation  networks,  and  advanced 
precision agriculture platforms facilitated by soil moisture sensors and weather forecasting algorithms, are 
designed  to  deliver  water  directly  to  the  crop  root  zone  with  maximal  spatial  and  temporal  efficiency. 
Engineering models consistently demonstrate that such systems can drastically reduce non-productive water 
losses, such as soil evaporation, deep percolation, and surface runoff, thereby theoretically maximizing the 
agricultural output per unit of applied water. Governments and international development agencies have heavily 
subsidized the dissemination of these technologies, often embedding them within broader rural modernization 
initiatives. However, empirical observations across diverse geographic contexts reveal a perplexing paradox: 
the introduction of highly efficient irrigation technologies does not universally translate into anticipated water 
savings  or  improved  water  productivity  at  the  basin  scale  [2].  In  many  instances,  the  phenomena  of 
technological rebound or the Jevons paradox occur, wherein farmers utilize the water saved through efficiency 
gains to expand their irrigated area or switch to more water-intensive, high-value crops, ultimately leading to a 
net increase in aggregate water depletion. Furthermore, the sheer physical presence of advanced irrigation 
hardware on a farm does not guarantee its optimal operation. Suboptimal maintenance, lack of technical 
comprehension, and deliberate misuse frequently compromise the operational efficiency of these systems. This 
divergence between theoretical engineering potential and actual field performance suggests that the constraints 
on water productivity are not exclusively technical or economic, but are deeply rooted in human behavior,  
cultural norms, and institutional frameworks [3].

1.3 Introducing Social Legitimacy

To bridge the explanatory gap between technological implementation and realized water productivity, it is 
necessary to examine the socio-institutional environment in which agricultural practices are embedded. This 
paper posits that social legitimacy is a foundational determinant of technological success in natural resource 
management. Social legitimacy, within the context of rural sociology and institutional theory, refers to the 
generalized perception or assumption that the actions of an entity, or the introduction of a new practice, are 
desirable,  proper,  or  appropriate  within  some socially  constructed system of  norms,  values,  beliefs,  and 
definitions [4]. When applied to sustainable irrigation technologies, social legitimacy encompasses the extent 
to which farming communities accept, internalize, and actively support modern water management paradigms. 
Without social legitimacy, technological interventions are often perceived as external impositions, leading to 
passive  resistance,  non-compliance  with  water  usage  regulations,  or  the  eventual  abandonment  of  the 
equipment. Conversely, when irrigation technologies and the associated conservation policies possess high 
social legitimacy, farmers are more likely to invest the necessary cognitive and physical effort to optimize 
system performance, engage in collective action to protect shared water resources, and adapt their agronomic 
practices to maximize water productivity. By positioning social legitimacy as a central variable, this research 
aims to provide a more holistic and explanatory framework for understanding the determinants of agricultural 
water productivity in arid regions.

2. Literature Review

2.1 The Evolution of Water Productivity Concepts

The conceptualization and measurement of water productivity have undergone significant evolution over 
the past several decades, reflecting a broader paradigm shift in the agricultural sciences. Initially, the discourse 
surrounding agricultural water use was dominated by the concept of irrigation efficiency, an engineering metric 
focused  primarily  on  the  physical  performance  of  water  conveyance  and  application  systems.  Irrigation 
efficiency is strictly concerned with minimizing the volumetric losses between the point of water diversion and 
the crop root zone. However, as hydrologists and agronomists began to adopt a more integrated basin-level 
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perspective, the limitations of the irrigation efficiency concept became apparent. Water that is lost at the field 
scale through deep percolation or runoff is not necessarily lost to the entire hydrological system; it often 
recharges local aquifers or returns to surface streams, where it  becomes available for downstream users. 
Therefore, increasing field-level irrigation efficiency does not inherently generate true water savings at the 
basin scale [5]. To address this conceptual deficiency, the metric of water productivity was introduced. Water  
productivity shifts the analytical focus from physical water delivery to the actual consumption of water through 
the physiological process of crop transpiration. The numerator in the water productivity equation typically 
represents the agricultural output, which can be measured in physical terms, such as kilograms of crop yield, 
or in economic terms, such as the monetary value of the harvest. The denominator represents the volume of 
water  consumed,  usually  quantified  as  actual  evapotranspiration  [6].  This  evolution  from  efficiency  to 
productivity represented a critical advancement, as it established a direct linkage between water consumption 
and agricultural production, enabling policymakers to evaluate the true ecological and economic efficiency of 
farming systems. Subsequent literature has further refined the concept by introducing distinctions between 
physical  water  productivity,  economic  water  productivity,  and  social  water  productivity,  the  latter 
encompassing broader societal benefits such as employment generation and poverty alleviation [7].

2.2 Sustainable Irrigation Technologies in Arid Climates

The literature on sustainable irrigation technologies is vast and multifaceted, documenting the mechanical, 
agronomic, and economic characteristics of various micro-irrigation systems. Drip irrigation, often heralded as 
the pinnacle of agricultural water conservation, features prominently in this discourse. Studies extensively 
detail the mechanisms through which drip systems deliver precise volumes of water and dissolved nutrients 
directly to the root zone, thereby minimizing soil surface evaporation and virtually eliminating surface runoff 
[8]. Subsurface drip irrigation, an advanced iteration wherein the emitters are buried beneath the soil surface,  
is also heavily researched for its potential to further reduce evaporative losses and facilitate precise nutrient  
management. Beyond the physical hardware, the literature increasingly emphasizes the role of information and 
communication technologies in modern irrigation management. Precision agriculture, enabled by wireless 
sensor networks, satellite imagery, and localized weather data, allows for dynamic irrigation scheduling based 
on real-time assessments of soil moisture tension and atmospheric evaporative demand. The consensus within 
the agronomic literature is that these technologies possess the physical capability to dramatically enhance crop 
yields while simultaneously reducing water application rates [9]. However, a parallel stream of literature 
highlights the numerous constraints and challenges associated with the adoption and sustained operation of 
these systems in arid farming environments. High initial capital costs, complex maintenance requirements, 
vulnerability to emitter clogging from suspended sediments and precipitated salts, and the requisite need for 
reliable  energy  sources  constitute  significant  barriers  to  entry,  particularly  for  smallholder  farmers. 
Furthermore, the literature frequently documents instances where the introduction of these technologies has 
disrupted traditional labor dynamics and exacerbated socioeconomic inequalities within rural communities, 
underscoring the necessity of evaluating technological interventions through a socio-economic lens.

2.3 The Concept of Social Legitimacy in Natural Resource Management

While  engineering  and  economic  variables  have  traditionally  dominated  the  discourse  on  irrigation 
technology  adoption,  there  is  a  growing  recognition  within  the  social  sciences  that  human  behavior  in 
agricultural systems is heavily influenced by institutional environments and social norms. The concept of social 
legitimacy, deeply rooted in organizational sociology, provides a robust theoretical foundation for analyzing 
these dynamics. Institutional theorists categorize legitimacy into three distinct, yet interrelated, dimensions: 
pragmatic legitimacy, moral legitimacy, and cognitive legitimacy [10]. Pragmatic legitimacy rests on the self-
interested calculations of individuals; in the context of irrigation, it involves a farmer's assessment of whether 
a new technology or policy will directly benefit their economic livelihood. Moral legitimacy, conversely, is  
based on normative evaluations of whether an action is inherently right, just, or socially beneficial, regardless  
of  immediate  personal  gain.  In  agricultural  communities,  moral  legitimacy  may  relate  to  collective 
responsibilities for resource stewardship and the equitable distribution of water among peers [11]. Finally, 
cognitive legitimacy refers to the degree to which a practice is comprehensible, taken for granted, and aligned 
with  the  established  cultural  frameworks  of  the  community.  If  a  new  irrigation  technology  requires  a 



Environmental Sustainability and Development   |   https://esdjournal.org

Vol. 1, Issue 3 (2026) 121

fundamental deviation from deeply ingrained agronomic traditions, it may lack cognitive legitimacy, leading 
to confusion, skepticism, and ultimate rejection. The application of these legitimacy dimensions to natural 
resource management has demonstrated that environmental policies and technological interventions are most 
effective when they are perceived as legitimate across all three dimensions [12]. When policies rely solely on 
economic incentives or coercive regulations without securing moral and cognitive alignment, they frequently 
encounter resistance, circumvention, and eventual failure.

3. Theoretical Framework

3.1 Bridging Technology and Social Acceptance

To systematically investigate the determinants of water productivity, this research constructs a theoretical  
framework that explicitly bridges technological attributes with sociological constructs. The central premise of 
this framework is that the physical presence of sustainable irrigation technology is a necessary, but insufficient, 
condition for achieving optimal water productivity. The technology represents a potential capacity; however, 
the actualization of that capacity is entirely dependent on the operational behavior of the human user. We posit 
that this operational behavior is heavily moderated by the degree of social legitimacy that the technology and 
its associated regulatory environment command within the local farming community.

Figure 1: Comprehensive Schematic of Theoretical Framework Linking Irrigation Technology Adoption and Social Legitimacy

As conceptualized in the theoretical framework, technological interventions exert a direct influence on 
agricultural practices. However, this primary relationship is filtered through the three dimensions of social 
legitimacy [13]. When pragmatic legitimacy is high, farmers perceive a clear economic rationale for investing 
time and resources into the meticulous calibration and maintenance of their irrigation systems. They are 
motivated to minimize leaks, clean filters, and adjust irrigation schedules in response to dynamic weather  
conditions, all  of which are essential for maintaining high water productivity.  When moral legitimacy is 
established, farmers are more likely to adhere to communal water quotas and conservation policies, recognizing 
that their individual actions impact the sustainability of the collective aquifer [14]. This moral alignment 
prevents the tragedy of the commons scenario, where short-term individual gains compromise long-term 
regional stability. Furthermore, when the technology achieves cognitive legitimacy, it seamlessly integrates 
into the farmer's daily routines and decision-making heuristics. It is no longer viewed as an alien imposition 
but as standard, common-sense agricultural practice. The convergence of these three legitimacy dimensions 
ensures that the technology is not merely installed, but is actively optimized and sustained over the long term, 
thereby maximizing the ratio of crop yield to water consumed.

3.2 The Mediation Role of Institutional Trust
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An essential component of the proposed theoretical framework is the mediating role of institutional trust.  
Social legitimacy does not emerge spontaneously; it is carefully cultivated through the interactions between 
farming communities and the institutions responsible for water governance. These institutions may include 
local  water  user  associations,  regional  agricultural  extension  services,  state  water  boards,  and  national 
ministries of agriculture [15]. The perceived trustworthiness, competence, and fairness of these institutions are 
critical prerequisites for establishing the legitimacy of the technologies they promote. If farmers harbor deep-
seated distrust toward regulatory agencies, perceiving them as corrupt, incompetent, or disconnected from local 
realities, they are highly unlikely to attribute legitimacy to the policies or technologies advocated by these 
agencies. Conversely, when institutions demonstrate procedural justice, transparent decision-making, and a 
genuine commitment to participatory governance, they build a reservoir of goodwill  and trust  [16].  This 
institutional trust acts as a catalyst, accelerating the process through which new irrigation paradigms acquire  
pragmatic, moral, and cognitive legitimacy. Therefore, any comprehensive explanation of water productivity 
variations must account for the historical and contemporary relationships between the farming populace and 
the governing institutional apparatus.

4. Methodology

4.1 Research Design and Case Selection

To empirically investigate the propositions outlined in the theoretical framework, this study employs a 
comprehensive mixed-methods research design, combining extensive quantitative survey data with in-depth 
qualitative investigations.  The research is  situated within a  generalized,  prototypical  arid  farming region 
characterized by structural water scarcity, heavy reliance on groundwater extraction, and a recent history of 
government-sponsored initiatives aimed at modernizing agricultural irrigation systems. This setting provides 
an ideal laboratory for examining the complex interactions between technological interventions and socio-
institutional dynamics [17]. The target population consists of commercial agricultural producers operating 
within this arid basin. A stratified random sampling technique was utilized to select participants, ensuring 
adequate representation across diverse farm sizes, crop typologies, and socio-economic demographics. The 
primary stratifying variable was the presence or absence of advanced sustainable irrigation technologies on the 
farm, allowing for robust comparative analysis between traditional and modernized production systems [18].

4.2 Data Collection Procedures

Data collection was executed in two distinct phases.  The first  phase involved the administration of a 
structured,  comprehensive  questionnaire  to  the  selected  sample  of  agricultural  producers.  The  survey 
instrument  was  meticulously  designed  to  capture  a  wide  array  of  variables  relevant  to  the  theoretical  
framework. The questionnaire collected detailed empirical data on farm characteristics, crop yields, estimated 
water application volumes, specific types of irrigation technology utilized, and demographic profiles of the 
respondents.  Crucially,  the  survey  also  included  multiple  validated  psychometric  scales  designed  to 
quantitatively  measure  the  latent  constructs  of  pragmatic,  moral,  and  cognitive  legitimacy,  as  well  as 
institutional trust [19]. Respondents were asked to indicate their level of agreement with various statements 
using standardized Likert-type scales.

Table 1: Descriptive Statistics of Survey Respondents

Variable Category Frequency Percentage

Farm Size Small (< 5 hectares) 120 30.0

Farm Size Medium (5 - 20 hectares) 180 45.0

Farm Size Large (> 20 hectares) 100 25.0

Primary Crop Cereals 150 37.5

Primary Crop Orchard/Tree Crops 160 40.0

Primary Crop Vegetables 90 22.5

Irrigation Type Surface/Flood 140 35.0

Irrigation Type Sprinkler Systems 110 27.5

Irrigation Type Micro/Drip Systems 150 37.5

Following the  quantitative  data  collection,  the  second phase  of  the  methodology involved qualitative 
fieldwork to provide depth and contextual nuance to the statistical findings. This phase comprised a series of 
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semi-structured, in-depth interviews with a purposively selected subset of farmers, as well as key informant 
interviews with agricultural extension officers, local water managers, and community leaders. Focus group 
discussions were also conducted to observe the collective discourse and social negotiations surrounding water 
management practices. The qualitative protocols were designed to elicit narratives concerning the historical 
trajectory of water use in the region, personal experiences with adopting new technologies, the perceived 
fairness of water allocation policies, and the cultural meanings attached to farming and resource stewardship.

4.3 Analytical Approach

The quantitative data derived from the structured survey were subjected to rigorous statistical analysis. The 
primary dependent variable, water productivity, was calculated for each farm by dividing the total annual crop 
yield by the estimated total volume of water applied through irrigation. Given the complexity of the theoretical 
model and the presence of latent psychological constructs, structural equation modeling was selected as the 
primary analytical technique. Structural equation modeling permits the simultaneous estimation of multiple 
interconnected  relationships,  allowing  researchers  to  evaluate  both  the  direct  effects  of  technological 
adoption on water productivity and the indirect, mediating effects of social legitimacy [20]. The qualitative  
data collected through interviews and focus groups were transcribed verbatim and subjected to thematic 
analysis. This involved an iterative process of coding the text, identifying recurring patterns and concepts, and 
organizing these codes into broader thematic categories aligned with the dimensions of social legitimacy and 
institutional trust [21]. The integration of quantitative and qualitative analytical streams provides a robust, 
multi-dimensional understanding of the research problem.

5. Analysis of Sustainable Irrigation Technologies

5.1 Technological Efficacy and Adoption Rates

The initial  phase of the analysis focused on evaluating the baseline efficacy and adoption patterns of 
sustainable irrigation technologies within the selected arid farming region. Consistent with the agronomic 
literature, the data confirmed that micro-irrigation systems, particularly sophisticated drip networks, possess 
the mechanical capability to significantly enhance water application efficiency [22]. When operated under 
optimal, controlled conditions, these systems drastically reduced non-beneficial evaporation and percolation 
losses  compared  to  traditional  surface  flooding  methods.  However,  the  survey  data  revealed  substantial 
variance in the actual adoption rates and operational success of these technologies across different segments of 
the  farming  population.  The  transition  from traditional  surface  irrigation  to  pressurized  micro-irrigation 
represents a fundamental paradigm shift in agronomic management, requiring not only significant financial 
investment but also a substantial acquisition of new technical knowledge. Our analysis indicated that while 
larger, capitalized farming enterprises were early adopters of these systems, integration among smallholder 
farmers was considerably slower and characterized by higher rates of eventual disadoption or system failure. 
The data highlighted that the mere provision of hardware or financial subsidies was insufficient to guarantee 
sustained technological utilization.

5.2 Constraints in Arid Farming Environments

A deeper investigation into the operational realities of sustainable irrigation in this arid context revealed a 
multitude of  severe  constraints  that  continuously  threaten to  undermine the  theoretical  efficiency of  the 
technologies.  One of the most pervasive challenges identified was the extreme vulnerability of precision 
emitters  to  physical  and  chemical  clogging.  The  groundwater  resources  in  the  studied  region  are 
characterized by high concentrations of suspended particulate matter and dissolved salts, particularly calcium 
carbonate and sodium chloride. As water evaporates at the soil surface, these salts precipitate and rapidly 
encrust the tiny orifices of the drip emitters, drastically altering the uniformity of water distribution and causing 
severe localized water stress in the crops [23]. Preventing this clogging requires meticulous and continuous 
maintenance,  involving the  frequent  cleaning of  complex multi-stage  filtration systems and the  periodic 
injection of chemical acids into the irrigation lines to dissolve mineral deposits. Many farmers reported lacking 
the technical expertise, the financial resources to purchase specialty chemicals, or the sheer labor availability 
to execute these rigorous maintenance protocols. Furthermore, the harsh environmental conditions of the arid 
region, including intense solar radiation and high ambient temperatures, accelerate the degradation of the plastic 
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components  of  the  irrigation  networks,  necessitating  frequent  and  costly  replacements.  These  relentless 
operational challenges require a profound commitment from the farmer, a commitment that our theoretical 
framework suggests is inextricably linked to the social legitimacy of the endeavor.

6. Results and Discussion

6.1 Assessing the Impact of Social Legitimacy on Adoption

The  central  objective  of  this  research  was  to  explicate  the  relationship  between  social  legitimacy, 
technological adoption, and ultimate water productivity. The statistical analysis of the survey data, utilizing 
structural equation modeling, yielded highly significant results that strongly validate the proposed theoretical 
framework. While the presence of advanced irrigation technology demonstrated a positive baseline correlation 
with water productivity, this relationship was surprisingly weak when analyzed in isolation. The explanatory 
power of the model increased dramatically upon the inclusion of the social legitimacy variables. The results  
demonstrated that pragmatic, moral, and cognitive legitimacy all serve as critical mediators.

Figure 2: Analytical Diagram of Regional Water Productivity Variations under Different Legitimacy Conditions

Pragmatic legitimacy exhibited the strongest direct effect on the meticulous operational behavior required 
to maintain complex systems. Farmers who firmly believed that water conservation technologies would secure 
their  long-term  economic  viability  were  significantly  more  likely  to  invest  the  requisite  labor  in  filter 
maintenance and precise scheduling [24]. However, moral and cognitive legitimacy played equally crucial, 
though distinct, roles. Moral legitimacy was primarily associated with compliance behavior and collective 
action. In communities where water conservation was viewed as a moral imperative and a duty to future 
generations, there were significantly lower incidences of illegal groundwater pumping and willful manipulation 
of water meters. These communities exhibited a strong culture of mutual monitoring and self-regulation, which 
stabilized the regional water table and enhanced overall systemic efficiency. Cognitive legitimacy was closely 
linked  to  the  ease  of  technological  integration.  Where  extension  programs  had  successfully  aligned  the 
operational logic of the new technologies with the traditional agronomic knowledge of the farmers, the learning 
curve was substantially shortened, and operational errors were minimized.

6.2 Synthesizing Productivity Outcomes

The synthesis of quantitative and qualitative findings provides a compelling explanation for the massive  
variations in water productivity observed across the arid farming landscape. The data conclusively show that 
the  highest  levels  of  water  productivity  are  not  found simply on the farms with  the  most  expensive  or  
technologically advanced equipment. Rather, optimal productivity is consistently achieved in contexts where 
technological interventions intersect with high levels of social legitimacy and robust institutional trust. In 
qualitative interviews, farmers in high-productivity cohorts frequently utilized language indicative of strong 
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moral and cognitive alignment, discussing water management not merely as a technical task, but as a deeply  
held cultural value and a communal responsibility. Conversely, farms exhibiting poor water productivity, 
despite possessing modern irrigation hardware, were overwhelmingly situated in contexts characterized by 
institutional  alienation and low social  legitimacy.  In these  instances,  the technologies were viewed with 
suspicion,  maintenance  was  neglected,  and  farmers  frequently  engaged  in  adversarial  relationships  with 
regulatory  authorities.  This  socio-technical  synthesis  profoundly  challenges  the  prevailing  technocentric 
paradigm of  agricultural  development.  It  demonstrates  that  water  productivity  is  as  much a  sociological 
phenomenon as  it  is  an  engineering  one.  The  physical  components  of  an  irrigation  system are  entirely 
subordinate to the human software that operates them, and that software is programmed by the complex 
institutional and cultural environment in which the farmer is embedded.

7. Conclusion
This comprehensive investigation into the determinants of agricultural water productivity in arid farming 

regions  concludes  that  a  singular  focus  on  the  deployment  of  sustainable  irrigation  technologies  is 
fundamentally inadequate for resolving the escalating crisis  of  water  scarcity.  While precise engineering 
systems possess the theoretical capacity to vastly improve the efficiency of water application, their actual 
performance in the field is heavily constrained and moderated by complex socio-institutional dynamics. The 
findings of this research unequivocally demonstrate that social legitimacy, encompassing pragmatic, moral, 
and  cognitive  dimensions,  is  a  critical  prerequisite  for  achieving  optimal  water  productivity.  When 
technological  interventions  and  water  management  policies  lack  legitimacy  within  the  local  farming 
community, they suffer from suboptimal implementation, neglect, and active resistance, thereby negating their 
theoretical benefits [25].

The implications of this research for policymakers, agricultural extension agencies, and environmental 
managers are profound. It is imperative that future strategies for enhancing agricultural water sustainability 
transcend traditional technocratic boundaries and adopt deeply integrated, participatory approaches. Capital 
investments in irrigation infrastructure must be accompanied by equally substantial investments in community 
engagement, institutional capacity building, and transparent governance. Policies must be carefully designed 
to  ensure  that  they  are  economically  viable  (pragmatic  legitimacy),  socially  just  and  equitable  (moral  
legitimacy), and culturally resonant (cognitive legitimacy). While this study provides significant insights, it is 
subject to certain limitations, including its reliance on cross-sectional survey data and self-reported yield 
metrics, which may introduce specific response biases. Future research should prioritize longitudinal studies 
that track changes in social legitimacy and water productivity over extended temporal horizons, as well as 
experimental designs that rigorously test the efficacy of different institutional interventions in fostering social  
acceptance.  Ultimately,  securing the future of  agriculture  in  arid  environments  requires  recognizing that 
water management is inherently a human endeavor, one that demands profound respect for the social and 
cultural fabrics of farming communities.
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