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This research aimed to study mango growers' attitudes toward modern irrigation systems in Al-Hudaydah governorate, Yemen. Data were collected from 323 mango growers using a simple random sampling technique with the help of a pre-tested paper-based questionnaire. The results showed that most mango growers had neutral attitudes toward modern irrigation systems. Moreover, the majority of mango growers were non-adopters. Growers' attitudes toward modern irrigation systems are determined by farmers' education, social participation, farm size, and adoption. Age, social participation, and adoption significantly positively correlated with growers' attitudes toward modern irrigation systems. Farm size showed a significant negative correlation with growers' attitudes toward modern irrigation systems. The study recommends that the Department of Agricultural Extension promote modern irrigation systems through the active involvement of various stakeholders. In addition, the government should make serious efforts to make modern irrigation technologies available in the market at a highly affordable cost. Overall, the positive attitudes and adoption of modern irrigation technologies by the growers would be advantageous for both the growers as well as the government, as these promising technologies have the potential to enhance agricultural productivity and reduce water scarcity.
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1 Introduction

Water is a critical resource for global socio-economic and agricultural development (Aljawzi et al., 2022). However, its availability is increasingly threatened by climate change, rising consumption rates, and unsustainable management practices (Gadain, 2023). Several factors contribute to water scarcity, including excessive groundwater extraction, inefficient use of water resources, inadequate planning for water development and conservation, and unregulated well drilling (Bashir, 2020; Allam and Allam, 2007). Moreover, climate change is projected to disproportionately affect water resources in low-income nations, where weak infrastructure exacerbates vulnerabilities. These regions, which depend heavily on water-intensive sectors, face heightened risks of food insecurity, energy deficits, and chronic water shortages (Dunphy and Rustum, 2024). Sustainable water resource management is further hindered by interconnected challenges such as deteriorating water quality, rapid urbanization, population growth, agricultural expansion, and ecological degradation. Additionally, issues of environmental justice, Indigenous rights, and biodiversity loss complicate governance and policy implementation worldwide (Greenhalgh and Samarasinghe, 2018). Addressing these multifaceted challenges requires integrated strategies that balance developmental needs with long-term resource preservation.

Agriculture is a critical sector in the Republic of Yemen, serving as a primary livelihood source for ~73.5% of households, either directly or through related industries and services (YSEU, 2021). In 2020, it contributed 16.3% to the national gross domestic product (GDP), underscoring its economic significance (YSEU, 2021). Yemen's agricultural production includes a variety of crops, which can be classified into four main categories: fruits, vegetables, cereals, and high-value cash crops. The fruit sector comprises mango, grapes, citrus, banana, papaya, and date, while common vegetables include tomato, potato, watermelon, sweet melon, onion, and cucumber. Cereal production predominantly consists of maize, wheat, sorghum, and barley, whereas high-value cash crops such as sesame, cotton, tobacco, and coffee play a key role in export-oriented agriculture (FAO, 2018).

Yemen is characterized by limited water resources, with approximately two-thirds of its territory classified as hyper-arid, receiving <50 mm of annual rainfall, while the majority of the remaining area is arid, with <200 mm of precipitation (UNDP, 2022). Given its low rainfall and lack of Transboundary Rivers, the country faces severe water scarcity. With only 80 m3 – 86 m3 of renewable water resources per capita, Yemen ranks among the world's most water-scarce nations (Center, 2010; Mccracken, 2012; UNDP, 2021). Despite these constraints, agriculture remains heavily dependent on groundwater, dams, streams, and springs, which supply ~49% of the total cultivated area (Center, 2010). Notably, ~90% of Yemen's freshwater is allocated to agricultural use. The expansion of irrigated land—from 37,000 hectares in the 1970s to 368,000 hectares by 1996—has significantly increased water demand, further straining the sector's sustainability (NWSSIP, 2008). Compounding this issue, groundwater extraction rates exceed recharge by more than two-fold, leading to rapid depletion. If current trends persist, Yemen's groundwater reserves may be exhausted within two decades (UNDP, 2022).

Over the past 50 years, excessive water consumption, coupled with the cultivation of water-intensive crops, has exacerbated shortages, rendering the nation increasingly unable to meet its domestic water demands (UNDP, 2022; Lootsma, 2022). Consequently, Yemen now relies on food imports to sustain its population, with unsustainable resource management contributing to diminished agricultural productivity (Thomas, 2022b). To address water scarcity, the Ministry of Agriculture and Irrigation in Yemen has implemented several initiatives to promote the adoption of sustainable irrigation systems. A key intervention includes a substantial 70% government subsidy for modern irrigation technologies, aimed at incentivizing farmer uptake (Irrigation, 2012). Modern irrigation systems, such as drip irrigation, optimize water use by delivering precise volumes according to crop requirements, thereby minimizing wastage (Al Obidi and Al-Jumaily, 2018; Al-Doan, 2017; Alghawry et al., 2021). Despite their efficiency, localized irrigation methods, including drip systems, remain underutilized, accounting for only 0.1% of irrigated agricultural land in Yemen.

Empirical evidence indicates that drip irrigation reduces water consumption by 30%−60% while offering additional agronomic benefits, such as reduced soil erosion, nutrient retention, and lower labor demands. However, widespread adoption faces barriers, primarily financial constraints and limited farmer awareness (Centre, 2012). These challenges are particularly relevant in Al-Hudaydah governorate, a major mango-producing region yielding ~362,365 metric tons annually, primarily for export to GCC countries (Thomas, 2022a). Despite its agricultural significance, farmers in this region predominantly rely on inefficient flood irrigation (Al Abd Allah and Safwan, 2022). Transitioning to modern irrigation systems could significantly reduce water consumption and enhance sustainability (Zeitoun et al., 2012). This study examines mango growers' attitudes toward modern irrigation systems in Al-Hudaydah governorate, Yemen, and assesses the influence of socio-economic factors on their adoption. As the first such investigation in the region, the research addresses a critical gap given Yemen's acute water scarcity and unsustainable groundwater depletion. The findings will inform policymakers in designing targeted interventions, such as subsidies, training programs, or awareness campaigns, to overcome adoption barriers. Additionally, the study identifies knowledge gaps and socio-economic constraints, facilitating the development of tailored strategies to enhance water productivity and long-term agricultural resilience.


1.1 Conceptual framework

The conceptual framework of the current study is based on the theory of reasoned action (Fishbein, 1967; Ajzen, 1985) and behavior change theory (Ajzen, 1985; Prochaska et al., 1997). Adults, such as mango growers, are self-directed learners primarily focused on solving and managing their issues and are actively connected to problem-solving learning environments. Behavior change models exhibit that individuals normally go through five phases as they contemplate adopting a new behavior because of innovative technology. The theory of reasoned action explains major constructs, including attitudes and subjective norms. Moreover, it determines whether individuals perceive themselves negatively or positively. Subjective norms explain perceived social pressure to perform an act. Based on the theory of reasoned action, growers' attitudes toward modern irrigation systems can be influenced by various factors such as perceived benefits, cost, and beliefs. Perceived belief relates to personal attitudes, better understanding, and cultural values (Camargo et al., 2018). Education is a powerful predictor of perceived belief and has strong relationships with attitudes (Fussell, 1996). Rogers and Williams (1983) analyzed that the source of information develops perceptions about the innovations. If the information is gained through trusted sources, then positive attitudes are more likely to develop. The costs and benefits also strongly correlate with attitudes toward innovative technologies such as irrigation technologies. For instance, large landowners would build their attitudes toward modern irrigation systems based on the high benefits. Low benefits of modern irrigation systems would not allow growers to invest in modern irrigation systems (Deininger, 2011).

Attitude significantly influences the adoption of innovative technologies (Rezaei-Moghaddam et al., 2005). Defined as an individual's positive or negative evaluation of a particular behavior (Hyytia and Kola, 2006; Min et al., 2008), attitude is shaped by the perceived range of alternative actions and the availability of relevant information (Taylor et al., 1988). Empirical evidence suggests that positive attitudes enhance decision-making and increase the likelihood of adopting innovative techniques (Rezaei-Moghaddam and Salehi, 2010). Rogers and Williams (1983) outline the innovation-decision process as a multi-stage progression, beginning with the knowledge stage, followed by the persuasion stage, during which individuals form attitudes toward innovation. At this stage, acceptance or rejection decisions are made, heavily influenced by the credibility of information sources. Trusted sources are more likely to foster positive perceptions and, consequently, favorable attitudes (Al-Zaidi et al., 2014). Attitudes toward technological adoption are not static but are shaped by dynamic factors, including socio-economic characteristics and social learning (Genius et al., 2014). Farm size, for instance, has been identified as a key determinant, with larger-scale farmers exhibiting more positive attitudes due to anticipated productivity gains (Kessler, 2006; Schoengold and Zilberman, 2007). Additionally, socio-economic factors such as age, education level, and access to irrigation facilities significantly influence attitudes (Akter et al., 2017; Idahe and Solomon, 2024). Older and less-educated farmers tend to exhibit lower adoption rates, likely due to limited access to information and resources (Akter et al., 2017). Furthermore, Nahayo et al. (2017) emphasize that information sources and farm size play a critical role in shaping attitudes toward modern irrigation systems. These findings collectively suggest that behavioral change and the adoption of innovative agricultural practices are closely linked to socio-economic conditions (Rogers et al., 2014). Understanding these determinants is essential for designing effective technology diffusion strategies.

Therefore, according to Figure 1, socio-economic characteristics, including education, age, social participation, adoption, source of information, farm size, and production, were taken as independent variables, and attitudes were taken as dependent variables to achieve the study goal.
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FIGURE 1
 Conceptual model of the study.





2 Materials and methods


2.1 Description of the study area

Figure 2 reflects methodological framework including study area, sampling, data collection and statistical analysis. Al-Hudaydah governorate is bordered to the north by Hajjah Governorate, to the south by Taiz Governorate, to the east by Hajjah Governorate, Al-Mahwit, Sana'a, Raymah, Dhamar, and Ibb, and to the west by the Red Sea, which overlooks a coastline of 260 km (Al-Arashi, 2021). Agriculture constitutes the main economic activity in Al-Hudaydah governorate, and the governorate is the largest agricultural producer in Yemen, as it ranks first among the governorates of the Republic in the production of some crops, with a percentage of up to 28.6% of the total production. Its lands are irrigated by valley and well water, and some depend on seasonal rainwater (Center, 2014). Climate change is one of the most important challenges facing agriculture in Al Hudaydah Governorate, as severe floods and torrents have swept through agricultural lands, and high temperatures have burned crops in some of the governorate's districts, exacerbating food insecurity (Programme, 2024).
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FIGURE 2
 Methodological framework.




2.2 Sampling technique

The formula used for obtaining an appropriate sample size that truly represents the study population is as mentioned below:

Sample size (n)=z2×P(1−P)21+(z2×P(1−P)N2 )                            n=1.962×0.5(1−0.5)0.0521+(1.962×0.5(1−0.5)0.052×2,036 )

where Z represents the value of the Z-score; its value at a 95% confidence level is 1.96; P is the standard deviation (0.5); e is the margin of error (5%); N is the population size (2,036).

The record shows 2,036 mango growers registered in the agricultural extension in Al-Hudaydah governorate; 323 growers were selected with the help of a simple random sampling technique. The sample size calculator was used to determine the sample size (confidence interval, 95%; margin of error, 5%; population proportion, 50%; and population size, 2,036). A questionnaire was prepared in the local language and distributed among mango growers. Mango growers were informed about the aim of the study and confirmed that data would be utilized for research purposes. Out of 323 questionnaires, 272 (~85 %) were completed by the respondents.



2.3 Research instrument

The survey questionnaire consisted of five sections. The first section measured socio-economic characteristics, including age, education level, source of information, profession, farm size, and mango production. The second section included social participation. The third section measured mango growers' perceptions of modern irrigation systems using a five-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree). In the fourth section, a 3-point scale was used to measure growers' attitudes (1 = negative, 2 = neutral, and 3 = positive). In the fifth section, the adoption of modern irrigation systems was measured by providing two options (1 = adoption and 2 = no-adoption).



2.4 Validity and reliability

Data were collected from 40 growers for a pilot study to test the reliability of the questionnaire, and Cronbach's alpha was calculated to determine the reliability of the Likert scale. Cronbach's alpha is used to analyze the reliability and quality of instruments. Cronbach's alpha is one of the crucial and persistent statistics in research involving test construction. Alpha is generally reported for scales intended to measure attitudes and other affective constructs. Cronbach's alpha of 0.70 and above is acceptable to proceed the research (Schmitt, 1996; Cortina, 1993; Cronbach, 1951). The value of Cronbach's alpha was estimated to be 0.86. After the pilot study, a field survey was initiated to achieve the study objectives.



2.5 Data analysis

Both descriptive and inferential statistics were used to analyze the collected data. The socio-economic characteristics of the growers were summarized using frequencies, percentages, mean and standard deviation. The socio-economic characteristics, attitudes, and adoption of the growers were summarized using frequencies and percentages. Growers' social participations and perception of modern irrigation systems were summarized using frequency, percentage, and mean and standard deviation. To determine the relationship between growers' socio-economic characteristics and growers' attitudes toward modern irrigation systems, Spearman's correlation statistical analysis was used. The Statistical Package for Social Sciences (IBM SPSS, version 28.0) was used for running the data analysis.




3 Results

Table 1 shows that more than two-fourths of growers were 35–53 years old. While 34.9% and 7.7% of mango growers belong to the age group more than 53 years old and <35 years old, respectively. Three-fourths of the respondents were illiterate and could read and write. Only one-fourth of growers held preparatory to higher education. More than four-fifths of growers received information about modern irrigation systems from television and radio. Remaining growers received information about modern irrigation systems from the Agricultural extension department, neighbors, and agricultural research and publications.

TABLE 1  Distribution of farmers according to their age groups.


	Age
	Percentage





	<35 years
	7.7

 
	35 to 53 years
	57.4

 
	More than 53 years
	34.9

 
	Education

 
	Illiterate
	45

 
	Can read and write
	30

 
	Preparatory
	3

 
	Primary
	4

 
	Secondary
	6

 
	College education
	8

 
	Higher education
	4

 
	Source of information about modern irrigation systems

 
	Television
	62

 
	Radio
	20

 
	Agricultural extension
	4

 
	Neighbor
	12

 
	Agricultural research
	1

 
	Publications
	1

 
	Profession

 
	Farmers
	67.3

 
	Non-farmer
	22.7

 
	Public and private sectors
	2

 
	Craftsmen
	6

 
	Trade
	2

 
	Farm size

 
	Small
	90.8

 
	Medium
	6.6

 
	Large
	2.6

 
	Mango production

 
	<264 tons
	89.3

 
	264 to <527 tons
	7.0

 
	527 tons and more
	3.7






More than three-fifths of growers considered agriculture to be their main profession, while less than one-fifth practiced professions other than agriculture as their main profession and considered agriculture to be their secondary profession. Only 10% were employed in the public and private sectors, as craftsmen, and worked in trade. More than 90% of growers held small agricultural land areas. Only 9.2% of growers held a medium and large agricultural land area. Around 90% of the farmers harvested low production (<264) tons, while 10.7% harvested high production (264–527) tons (527 tons or more).

The distribution of mango growers in Table 2 ranged between 6 degrees (the lowest level) and 18 degrees (the highest level), with an arithmetic mean of 10.3 and a standard deviation of 1.6. The respondents have been grouped into three categories as revealed in Table 3. The first category included those with low social participation (<10 degrees), and accounted for were 37%. The second category included those with medium social participation 61%. Only 2% of farmers were in the third category are based on their high participation (14 degrees or more).

TABLE 2  Distribution of farmers according to their social participation.


	Social participation
	Percentage
	The lowest
	The highest value
	Mean
	SD





	Low participation (<10)
	37
	6
	18
	10.3
	1.6

 
	Average participation (10 to <14)
	61
	
	
	
	

 
	High participation (14 and above)
	2
	
	
	
	






TABLE 3  Distribution of mango growers' social participation for learning about modern irrigation systems (n = 272).


	Social participation
	Always
	Sometimes
	Never
	Mean
	SD
	Rank



	
	%
	%
	%
	
	
	





	Participation in wedding ceremony
	49.3
	47.1
	3.7
	2.46
	0.57
	1st

 
	Exchanging visits with the people of the region
	38.2
	58.8
	2.9
	2.35
	0.54
	2nd

 
	Participate in solving social problems
	19.5
	77.2
	3.3
	2.16
	0.45
	3rd

 
	Participate in attending farmers' association activities
	1.1
	12.1
	86.8
	1.14
	0.38
	4th

 
	Participation in association membership
	1.5
	8.1
	90.4
	1.11
	0.36
	5th

 
	Participation in the management
	1.8
	1.5
	96.7
	1.10
	0.29
	6th






Table 3 shows mango growers' social participation. All responses were arranged in descending order by the mean score. The results revealed that “participation in wedding ceremony” ranked first with a mean score of 2.46. On the other hand, “Participation in the management” ranked last with a mean score of 1.10.

Table 4 shows mango growers' perceptions of modern irrigation systems. All responses were arranged in descending order by the mean score. The results revealed that “modern irrigation techniques reduce water wastage” ranked first with a mean score of 4.46. On the other hand, “the prices are appropriate and easy to adopt” ranked last with a mean score of 1.87.

TABLE 4  Mango growers' perceptions of modern irrigation systems.


	Items
	Strongly disagree
	Disagree
	Neutral
	Agree
	Strongly agree
	Mean
	SD
	Rank



	
	%
	%
	%
	%
	%
	
	
	





	Modern irrigation techniques reduce water wastage
	0.4
	0.00
	7.7
	37.5
	54.4
	4.46
	0.67
	1st

 
	Modern irrigation techniques do not require much labor
	0.4
	0.00
	8.5
	37.1
	54.00
	4.44
	0.68
	2nd

 
	The feasibility of using it in areas with little rain
	0.4
	1.5
	7.00
	35.7
	55.5
	4.44
	0.72
	3rd

 
	It saves time for the rapid arrival of water from the irrigation source to the right
	0.00
	0.7
	12.1
	33.8
	53.3
	4.40
	0.73
	4th

 
	It reduces soil erosion
	0.00
	0.4
	12.9
	34.2
	52.6
	4.39
	0.72
	5th

 
	It enhances balanced irrigation
	0.7
	3.7
	22.8
	29.8
	43.00
	4.11
	0.93
	6th

 
	It can be used when the ground is not flat
	0.7
	2.6
	20.6
	58.5
	17.6
	3.90
	0.74
	7th

 
	Irrigation installation materials are easily available
	1.5
	13.2
	13.2
	51.1
	21.00
	3.77
	0.98
	8th

 
	Reduces the spread of weeds and weeds
	1.1
	6.6
	36
	41.2
	15.1
	3.63
	0.86
	9th

 
	The system can be managed automatically
	2.2
	4.00
	56.3
	26.5
	11
	3.40
	0.82
	10th

 
	Irrigation techniques increase income
	9.9
	20.2
	23.5
	30.5
	15.8
	3.22
	1.22
	11th

 
	Land reclamation costs are reduced
	6.3
	22.8
	32
	21.3
	17.6
	3.21
	1.16
	12th

 
	The farmer's desire to apply everything new
	7.00
	22.8
	30.9
	28.3
	11
	3.14
	1.10
	13th

 
	Consistent with the state's plan to rationalize water use on the farm
	14.3
	25.4
	27.6
	14.3
	18.4
	2.97
	1.31
	14th

 
	Modern irrigation techniques increase yield
	17.6
	24.6
	23.5
	17.6
	16.5
	2.91
	1.34
	15th

 
	Modern irrigation methods reduce pest infestation compared to traditional irrigation
	10.7
	18.4
	50.7
	12.9
	7.4
	2.88
	1.01
	16th

 
	Modern irrigation networks are suitable for all holdings
	16.9
	25.7
	38.6
	12.1
	6.6
	2.66
	1.10
	17th

 
	Easy mechanization
	13.2
	43
	19.9
	16.2
	7.7
	2.62
	1.14
	18th

 
	Easy to learn and install
	25.4
	37.9
	22.8
	7.7
	6.3
	2.32
	1.12
	19th

 
	The prices are appropriate and are easy to adopt
	46
	36
	9.2
	2.9
	5.9
	1.87
	1.09
	20th






Table 5 shows that most farmers (46.3%) had a neutral attitude toward modern irrigation systems. Meanwhile, 43% and 10.7% of farmers had negative and positive attitudes toward modern irrigation systems, respectively. The majority of mango growers (80%) had not adopted modern irrigation systems in Al-Hudaydah governorate in the Republic of Yemen. Only 20% of mango growers had adopted modern irrigation systems.

TABLE 5  Farmers' attitudes and adoption of modern irrigation systems among mango growers.


	Growers' attitudes toward modern irrigation systems





	Attitudes
	%

 
	Negative
	43

 
	Neutral
	46.3

 
	Positive
	10.7

 
	Adoption of modern irrigation systems among mango growers

 
	Adopters
	20

 
	Non-adopters
	80






Table 6 presents Spearman's rank-order correlation analysis that was run to determine the relationship between the respondents' demographic characteristics, adoption, and attitudes toward modern irrigation systems. Education was significantly correlated with growers' attitudes toward modern irrigation systems (r = −0.141*, p = 0.02). This means that highly educated growers have a more positive attitude toward modern irrigation systems than those with a lower educational level. Growers' participation in social events significantly correlated with their attitudes toward the modern irrigation system (r = 0.133*, p = 0.03). It means that social participation improved positive attitudes toward modern irrigation systems than those who did not participate. Growers' adoption level significantly correlated with their attitudes toward modern irrigation systems (r = 0.262, **p = 0.00). It means a higher adoption level improved their attitudes than those with a lower one. Farm size was significantly negatively correlated with growers' attitudes toward modern irrigation systems (r = −0.134, *p = 0.03). It means small land holders have negative attitudes than those who hold large land areas.

TABLE 6  Spearman's correlation between the independent variables and farmers' attitudes toward modern irrigation systems.


	
	Attitudes' degrees
	Sig.





	Educational status
	0.141*
	0.02

 
	Age
	−0.111
	0.07

 
	Social participation
	0.133*
	0.03

 
	Adoption
	0.262**
	0.00

 
	Reliance on information sources
	0.020
	0.74

 
	Size of the mango farm
	−0.134*
	0.03

 
	Production
	0.015
	0.81







**Correlation is significant at the 0.01 level (2-tailed).



*Correlation is significant at the 0.05 level (2-tailed).






4 Discussion

The current study aims to investigate farmers' attitudes toward modern irrigation systems.


4.1 Growers' adoption and attitudes toward modern irrigation systems

The findings of the analysis revealed that the majority of the farmers showed neutral attitudes toward modern irrigation systems. They might be due to growers' low awareness of modern irrigation systems. Awareness has a great impact on attitude building (Wang et al., 2023). It is anticipated that low awareness may keep farmers neutral toward modern irrigation systems. Farmers' attitudes can be improved from neutral to positive by launching educational programs on the advantages of modern irrigation systems. Our arguments are aligned with Al-Zaidi et al. (2014), who suggested that awareness of modern irrigation systems through extension programs among growers could build positive attitudes toward modern irrigation systems.

Growers' neutral attitudes might result from low education. A feature-like attitude could be compatible with traits such as educational level, which means growers with low educational levels may exercise low positive attitudes toward modern irrigation methods, and highly educated farmers may have positive attitudes toward modern irrigation systems, as reported by (Bagheri and Pirmoazzen, 2021; Zhang et al., 2019). This particular study finding is consistent with the outcomes of studies conducted in developing countries and reported by Zhang et al. (2019) and Koundouri et al. (2006).

Findings revealed that the majority of mango growers were non-adopters. Low adoption rates might be a result of low education and knowledge about the advantages of modern irrigation systems. It can be expected that higher education and knowledge could enhance the adoption of modern irrigation systems, as Maru et al. (2022) found that growers with higher education held higher levels of knowledge and adopted modern irrigation systems. Moreover, growers who were well informed about the advantages of modern irrigation systems such as water use efficiency, uniform supply of water in the field, easy application of soluble pesticides and fertilizers, low labor cost, and low soil erosion, adopted modern irrigation systems at a large scale (Maru et al., 2022; Khosravi and Robati, 2025).



4.2 Relationship between education and growers' attitudes toward modern irrigation systems

The study's findings revealed that the education level improves farmers' attitudes toward modern irrigation systems. Understandably, education helps farmers decide about adopting innovative technologies (Abdulai and Huffman, 2005). The present finding is consistent with (Koundouri et al., 2006), who noted that educated farmers were positive toward modern irrigation systems. Our findings are consistent with Al-Subaiee et al. (2013), who found that educated farmers exhibited better attitudes and were friendly toward modern irrigation methods. This implies that education is one factor that determines farmers' attitudes toward modern technologies, including irrigation systems. The study findings are in agreement, as reported by Al-Tanoubi (2001). The study conducted by Salazar and Rand (2016) revealed that highly educated farmers might have greater access to effective sources of information, as the authors noticed that educated farmers with higher access to effective sources of information delivered by extension services were more likely to adopt modern irrigation systems. Similar results related to farmers' attitudes on the use of irrigation water have been reported by Ashoori et al. (2016). Similarly, Idahe and Solomon (2024) reported that educated farmers better understood advanced irrigation methods and seemed more likely to adopt modern irrigation technologies.



4.3 Relationship between social participation and growers' attitudes toward modern irrigation systems

Social participation makes a strong local community and neighborhood engagement (Defrancesco et al., 2008) and may provide an opportunity to learn about modern irrigation systems in the study area. Moreover, the current findings regarding social participation align with Risha (2016), who found a relationship between farmers' attitudes and openness to civilization regarding modern irrigation systems. Social participation builds social networks and social capital (Savari et al., 2023). Moreover, Van Rijn et al. (2012), social participation builds social bonds with norms, values, and trust promotes inter-community ties. According to Yazdanpanah et al. (2022), social participation improved attitudes toward agricultural innovation. Findings by Hunecke et al. (2017) proved that social capital and participation encouraged the attitudes and adoption of modern technologies. According to the researcher, mango growers preferred learning from other farmers. They used to participate in social gatherings, discuss several issues, and try to overcome agricultural problems, including water scarcity. These facts govern data collection. Therefore, social gathering or participation in various ceremonies and agricultural events could affect their attitudes toward modern irrigation. Social gatherings and participation are common practices in Arab countries, including Yemen. Social participation improves farmers' attitudes toward the modern irrigation system. Findings reported by Sulemana and James (2014) and Defrancesco et al. (2008) also support our findings. Social factors influenced decision-making and improved farmers' attitudes toward farming practices.



4.4 Relationship between adoption and growers' attitudes toward modern irrigation systems

The adoption of modern irrigation systems showed a positive correlation with growers' attitudes. The present results are consistent with Khan et al. (2009) who noted that a positive attitude promotes the adoption of modern technologies. Contradicting our findings, Bagheri and Pirmoazzen (2021) reported that non-adoption of irrigation practices had no relationship with farmers' attitudes. On the other hand, Zhang et al. (2019) revealed that more than 50% of the farmers in Beijing adopted modern irrigation technology and showed positive attitudes toward innovative technologies. Similarly, Al-Zaidi et al. (2014) noted that growers in Tabuk, Saudi Arabia, adopted modern irrigation systems and showed a positive attitude toward innovative and modern irrigation practices. Moreover, the current finding is consistent with Chang et al. (2016) that Italian growers who adopted modern agricultural technologies exhibited positive attitudes toward modern irrigation systems. Growers' decisions about adopting modern irrigation systems mainly depend on the advantages expected from water management and costs (Deveci et al., 2015; Balana et al., 2020). Low advantages of modern technologies discourage adoption among growers and increase negative attitudes. High adoption among growers resulted from low costs and high yields. Many countries around the world, namely, the United States, Spain, the Mediterranean, and Asian countries, provided subsidized modern irrigation systems to growers (Scheierling et al., 2006). It is understandable that subsidized technologies allow growers to experience modern technologies and build positive attitudes after adoption and their economic benefits. These arguments are consistent with our findings.



4.5 Relationship between farm size and growers' attitudes toward modern irrigation systems

Findings showed that small farm holders showed negative attitudes toward modern irrigation systems. As Schoengold and Zilberman (2007) revealed that growers with large farms showed positive attitudes toward irrigation technologies because they expected to enhance their crop productivity and incomes. While small landholders showed negative attitudes toward irrigation technologies because modern irrigation systems required large land area and investment to operate modern irrigation technologies (Tohidyan Far and Rezaei Moghaddam, 2015). Large landholders participate in commercial agriculture, have access to wider markets, and earn greater profits (Balana et al., 2020). This economic stability builds their positive attitudes and invests in modern irrigation systems, leading to a positive cycle of agricultural development. During data collection, the researcher noted that large landholders were well-informed about the advantages of modern irrigation systems. Moreover, large landholders experienced high profits after using modern technologies on their farms.




5 Conclusion

The current study aimed to investigate farmers' attitudes toward modern irrigation systems in Al-Hudaydah governorate, Yemen. The majority of the farmers did not adopt modern irrigation systems and had neutral attitudes. Improving education, social participation, and adoption levels enhanced farmers' attitudes toward modern irrigation systems. Moreover, the decrease in farm size showed negative attitudes. Therefore, the findings of the study have several implications. The extension department needs to plan and organize programs and workshops aimed at raising awareness and helping farmers develop positive attitudes toward modern irrigation systems.

The extension department should undertake educational programs for the farmers by involving more educated farmers to demonstrate different irrigation techniques on their farms. Extension personnel can use a farmer-to-farmer extension approach in areas with similar water resources. More educated farmers can easily train less educated farmers and develop useful contacts with each other. Globally, farmer-to-farmer extension and the concept of field schools have proved very successful and economical. Our study establishes that such extension initiatives hold great potential in developing positive attitudes among the farmers toward modern irrigation systems that would help farmers use scarce water resources in the arid environments of Al-Hudaydah governorate, Yemen—wisely and economically.

The current study selected mango growers only from the Al-Hudaydah governorate, Yemen. The study's outcomes may not be generalizable to growers in other geographical regions. It is, therefore, indicated that a similar study should be conducted in other regions of Yemen that are more prone to water scarcity.
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