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ABSTRACT

This study is entitled, “Solar Powered Pump Utilization as Mitigation Measure against El Niño Phenomenon: Basis for Action Plan”. The philippines faces a severe challenge as soaring temperatures and drought intensify, exacerbating water shortages linked to the El Niño phenomenon. This study focuses on the potential of solar-powered water pumps as a mitigating solution to address these shortages. The inclusion criteria covered farmers residing in the province of Iloilo, with a total of 261 respondents surveyed. Findings show that most respondents were aged 53–61, predominantly owning land sizes between 0.6427–1.1427 hectares, with a large proportion from the Municipality of Oton. Results revealed that the operational performance of the solar-powered pump was effective, while sustainability output and efficiency were rated at an average level of effectiveness. Significant differences in effectiveness were observed between age groups (44–52 vs. 67–70 years, and 53–61 vs. 62–70 years), while no significant differences were found among other age categories. Furthermore, utilization of the solar-powered pump showed significant differences across municipalities, particularly in Iloilo and the nearby province of Guimaras, compared to other areas. The findings of this study will serve as the basis for crafting an action plan and intervention program to mitigate the impacts of the El Niño phenomenon, ensuring more sustainable water access for farming communities.

Background

Water is universally recognized as the source of life, sustaining ecosystems, communities, and economies. Without reliable access to water, agricultural productivity and human survival are severely compromised. Across the globe, experts and researchers have long sought ways to address recurring water shortages, droughts, and climate-related disturbances such as the El Niño phenomenon.

Early solutions included manual pumps and diesel-powered pumps. While manual pumps provided basic access to water, they demanded significant physical effort and were limited in capacity. Diesel-powered pumps offered greater efficiency but introduced new challenges: high operating costs, dependence on fuel availability, and environmental pollution. These limitations highlighted the need for more sustainable and accessible alternatives.

Technological advances led to the development of irrigation systems and, more recently, solar-powered water pumps. The primary purpose of any pumping system is to transfer water for diverse uses such as irrigation, construction, sewage management, flood control, and even oil extraction. Solar-powered pumps, however, stand out as a cost-effective, environmentally friendly, and sustainable option, particularly for smallholder farmers vulnerable to climate extremes.

Globally, agriculture consumes over 70% of freshwater resources, with this figure rising to 80–90% in developing countries. According to the World Bank and the Food and Agricultural Organization, more than 60% of the world’s population depends on agriculture for survival. Yet, intensifying droughts and water scarcity have reduced productivity, forcing farmers in many regions to cut back on cultivation cycles. In the Philippines, the situation is especially critical: as of 2024, 31 provinces across Visayas and Mindanao reported severe drought conditions, with agricultural losses amounting to Php 2.63 billion and over 54,000 farmers affected. In Iloilo province alone, thousands of hectares of rice plantations were damaged, with many areas beyond recovery.

This worsening scenario has prompted both public and private sectors to explore innovative solutions for water access in agriculture. Solar-powered water pumps present a promising alternative to traditional systems, offering resilience against fuel shortages and reducing environmental impact.

This study investigates the utilization of solar-powered water pumps as a mitigation measure against the El Niño phenomenon, focusing on their effectiveness, sustainability, and potential to support farming communities in Iloilo. The findings serve as the basis for an action plan aimed at ensuring more sustainable water access for agriculture.

Methods

This study employed a descriptive research design using a researcher-made survey questionnaire to assess the effectiveness of solar-powered pumps as mitigation measures against the El Niño phenomenon. The respondents were 261 farmers residing in the Province of Iloilo, identified through the Farmer’s Association of the Local Government Units (LGUs). Since the entire population was included, the study utilized total enumeration as its sampling technique, ensuring that all perspectives were represented. The questionnaire, consisting of 30 items with vernacular translations for clarity, was divided into two parts: Part I gathered demographic data (age, land size, and land location), while Part II measured effectiveness in terms of operational performance, sustainability of output, and system efficiency.

The instrument underwent face and content validation by experts in solar-powered pump utilization and instrument development, following the criteria of Carter V. Good and Douglas Scates. Reliability was tested using Cronbach’s alpha with 30 farmers outside Iloilo Province, confirming internal consistency. Data collection was conducted with approval from the National Irrigation Administration, and questionnaires were administered personally to respondents in accessible venues. For analysis, frequency counts and percentages described demographic profiles, while means and interpretation scales assessed effectiveness levels. One-Factor Analysis of Variance (ANOVA) at a 5% significance level was applied to determine significant differences in effectiveness across age groups, land sizes, and municipalities.

Result and Discussion

The table 1 illustrates the distribution of the profile of respondents in terms of frequency and percentage distributions across various categories.

Table 1. Distribution of Respondents According to Profile.
	[bookmark: _Hlk202468399]Profile
	Category
	F
	%

	Age
	35-43 years old
	9
	3.45

	
	44-52 years old
	73
	27.97

	
	53-61
	129
	49.43

	
	62-70
	47
	18.01

	
	71-79
	3
	1.15

	
	Total
	261
	100.00

	Location of Land
	Alimodian
	6
	2.30

	
	Banate
	8
	3.07

	
	Batad
	5
	1.92

	
	Cabatuan
	40
	15.33

	
	Dingle
	7
	2.68

	
	Guimaras
	6
	2.30

	
	Lambunao
	9
	3.45

	
	Leganes
	11
	4.21

	
	Leon
	12
	4.60

	
	Miagao
	18
	6.90

	
	Mina
	14
	5.36

	
	Oton
	45
	17.24

	
	San Joaquin
	10
	3.83

	
	San Miguel
	36
	13.79

	
	Sara
	19
	7.28

	
	Sta. Barbara
	15
	5.75

	
	Total
	261
	100.00

	Land Property Size
	0.1427-0.6427 Hectares
	40
	15.33

	
	0.6427-1.1427
	169
	64.75

	
	1.1427-1.6427
	43
	16.48

	
	1.6427-2.1427
	4
	1.53

	
	2.1427-2.6427
	4
	1.53

	
	2.6427-3.6427
	1
	0.38

	
	Total
	261
	100.00


 
The result of the study shows that almost half of the respondents fall within the 53-61 age range, 129 or accounting for 49.43%. The second most dominant group is within the 44-52 age range comprising 73 or 27.97%, followed by 62-70 age range with 47 or 18.01%. On the other hand, 35-43 age range make up nine or 3.45%, and those within the 71-79 age range are three or 1.15%. This suggests that farmers are primarily in their mid-to-late adulthood.

The farmers were also grouped according to location of land, specifically composed of 16 cities and municipalities in the province of Iloilo. The Municipality of Oton recorded the highest number of respondents with 45 respondents or 17.24%, followed by the Municipality of Cabatuan with 40 or 15.33% and the Municipality of San Miguel with 36 or 13.79%. Together, these municipalities account for 46.36% of the total population. The Municipality of Batad had the least number of respondents with five or 1.92%.

According to land property size, farmers with the land property size of 0.6427 to 1.1427 hectares have the highest respondents with 169 or 64.75% of the respondents, indicating that most farmers hold medium-sized properties. This is followed by farmers within the 1.1427 to 1.6427-hectare range with 43 or 16.48% and 0.1427 to 0.6427-hectare range with 40 or 15.33%. A small fraction of the population holds larger land properties. Specifically, farmers within the 1.6427 to 2.6427-hectare range with four respondents or 1.53% and 2.6427 to 3.6427-hectare range with only one or 0.38%.

According to the Philippine Statistics Authority (PSA, 2022), the average age of farm operators in the country is 57, showing that farming is largely sustained by older adults, which supports the finding that nearly half of Iloilo respondents were aged 53–61. PSA data also highlight that most Filipino farmers cultivate small to medium-sized landholdings, with the national average farm size at 1.29 hectares, consistent with the study’s result that 64.75% of respondents owned land between 0.6427–1.1427 hectares. These national statistics reinforce the conclusion that Iloilo farmers are predominantly in mid-to-late adulthood and manage medium-sized farms, reflecting broader agricultural trends in the Philippines and underscoring the need for sustainable interventions such as solar-powered water pumps to address vulnerabilities during the El Niño phenomenon.

The table 2 below shows the Level of Effectiveness of the Solar Powered Pump Utilization by Farmers as Mitigating Measures To manage El Nino Phenomenon in terms of Performance of Operation, Sustainability Output and Efficiency of the System.

[bookmark: _Hlk202468233]Table 2. Level of Effectiveness of the Solar Powered Pump Utilization by Farmers as Mitigating Measures to manage El Nino Phenomenon.
	Level of Effectiveness
	N
	Mean
	Interpretation

	Performance of Operation
	261
	3.44
	Effective

	Sustainability Output
	
	3.25
	Average

	Efficiency of the System
	
	3.30
	Average


	
[bookmark: _Hlk188967719][bookmark: _Hlk188968184]The table above reveals that the performance of operation of the solar powered pump was effective as mitigating measures to manage El Niño phenomenon with a mean score of 3.44 as assessed by the farmer respondents. This suggests that the solar powered pump functions reliably and meets the operational objective. On the other hand, the assessment of the farmers on the sustainability output and efficiency of the system were on the average level of effectiveness with a mean result of 3.25 and 3.30 respectively. These findings imply that farmers still have concerns about the long-term viability and on the usage of the system despite its performance. The result of the level of effectiveness greatly showed the assessment of the farmers based on the utilization of the solar powered pump as mitigating measures to manage El Niño.

The result clearly emphasized that solar powered pump is effective in terms of performance of operation as mitigating measures to manage El Niño. On the other hand, the level of effectiveness as to sustainability of output and efficiency of the system were on the average level in its utilization. It only implies that the performance of operation should be maintained but the sustainability output and efficiency of the system must be improved to attain the high level of effectiveness as mitigating measures to manage El Niño phenomenon.  
	
[bookmark: _Hlk199530377]A study on the effectiveness of solar powered pump attested that farmers in one of the targeted communities of Battambang province, Prek Norin, Cambodia were initially reluctant to use the solar-powered water pump installed in their area. However, they gained peace of mind after witnessing the pump in action.  These communities see solar water pumping as a cost-effective solution compared to diesel-powered pumping, which is considered a luxury that can only be afforded by farmers with greater means. Large-scale solar water pumping drives economies of scale that reduce operation costs significantly and offer productive uses of solar energy besides pumping. These other uses reduce the overall costs for smallholder farmers.  The large-scale solar systems are opening the door for smallholder farmers to access secured water supply for second or third season crops. Moreover, the solar-powered water pumps are helping to reduce environmental impacts and greenhouse gas emissions by avoiding the use of diesel pumps for off-grid electricity. This is resulting in reduced energy costs for irrigation and is increasing the resilience of crops to climate change impacts such as drought (Va, 2023). 

	Table 3 shows the level of Effectiveness of the Solar Powered Pump Utilization When Taken as a Whole and When Grouped According to Profile.

[bookmark: _Hlk202540614]Table 3. Level of Effectiveness of the Solar Powered Pump Utilization by Farmers as Mitigating Measures to Manage El Nino Phenomenon When Taken as a Whole and When Grouped According to Profile.
	[bookmark: _Hlk202523779]Profile
	Category
	f
	Mean
	Interpretation

	Age
	35-43 years old
	9
	3.38
	Average

	
	44-52 years old
	73
	3.38
	Average

	
	53-61
	129
	3.43
	Effective

	
	62-70
	47
	2.99
	Average

	
	71-79
	3
	3.21
	Average

	Location Of Land
	Alimodian
	6
	4.02
	Effective

	
	Banate
	8
	3.62
	Effective

	
	Batad
	5
	4.18
	effective

	
	Cabatuan
	40
	3.97
	effective

	
	Dingle
	7
	3.16
	average

	
	Guimaras
	6
	4.10
	effective

	
	Lambunao
	9
	2.75
	average

	
	Leganes
	11
	2.92
	Average

	
	Leon
	12
	3.64
	Effective

	
	Miagao
	18
	2.84
	Average

	
	Mina
	14
	3.14
	Average

	
	Oton
	45
	2.91
	Average

	
	San Joaquin
	10
	3.30
	Average

	
	San Miguel
	36
	3.58
	Effective

	
	Sara
	19
	2.97
	Average

	
	Sta. Barbara
	15
	3.0
	Average

	Land Property Size
	0.1427-0.6427 Hectares
	40
	3.22
	Average

	
	0.6427-1.1427
	169
	3.27
	Average

	
	1.1427-1.6427
	43
	3.68
	Effective

	
	1.6427-2.1427
	4
	3.23
	Average

	
	2.1427-2.6427
	4
	3.23
	Average

	
	2.6427-3.6427
	1
	3.20
	average

	As a Whole
	261
	3.33
	Average



Table 3 shows that when farmers are grouped according to age, the result reveals that the solar powered pump was effective as mitigating measures to manage El Niño phenomenon for farmers aged 53-61 years old with a Mean result of 3.43. On the other hand, farmers aged 62-70 years responded that the mentioned pump was average level in its effectiveness when utilized based on its Mean result of 2.99 the lowest Mean in the category of age.  Furthermore, those farmers from the Municipality of Batad had a high Mean result of 4.18 and interpreted as an effective level of assessment of the utilization of solar powered plants. Meanwhile, farmers from the Municipality of Lambunao evaluated that the utilization of the solar powered plant as average level of effectiveness in its utilization. Meanwhile, farmers who owned a land area of 1.1427-1.6427 hectares attested that solar powered pump was effective (Mean result – 3.68) when they utilized it in their farmland but those farmers with land area of 2.6427-3.6427 hectares assessment on the level of effectiveness was an average level (Mean result – 3.20) in mitigating the El Nino Phenomenon. The level of effectiveness of the solar powered plant when taken as a whole had a mean result of 3.33 and was interpreted as average level of effectiveness.

The result of the study simply implies that whatever category or group the Mean result obviously showed that the solar powered pump had higher level of effectiveness, it may be effective or average level of effectiveness. It also implies that the assessment on the average level needs to further improve the system or maybe needs more feasibility study to track the reason behind the assessment.  Thus, the assessment of the farmers as a whole may be given attention to further improve the utilization level of effectiveness.
	
A study proves that age can significantly influence the adoption of agricultural innovations. The result of the study shows that older farmers tend to be more conservative, while younger farmers are more adventurous and willing to take risks. Consequently, older farmers are less likely to adopt new technologies, even if they have substantial off-farm income. However, found that age can positively influence the adoption of specific agricultural innovations, as older farmers possess more agricultural experience (Sanogo et al., 2025).


Table 4 below shows the Difference in the level of effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon When Grouped According to Profile.

[bookmark: _Hlk202524786]Table 4. Difference in the level of effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon When Grouped According to Profile.
	Profile
	Category
	F
	Mean Rank
	Computed Value
	P-value
	Interpretation

	[bookmark: _Hlk202524864]Age
	35-43 years old
	9
	131.56
	H=23.94
	<0.001
	Significant

	
	44-52 years old
	73
	139.62
	
	
	

	
	53-61
	129
	143.84
	
	
	

	
	62-70
	47
	82.73
	
	
	

	
	71-79
	3
	123.67
	
	
	

	Location Of Land
	Alimodian
	6
	219.58
	H= 163.51
	<0.001
	Significant

	
	Banate
	8
	181.19
	
	
	

	
	Batad
	5
	237.10
	
	
	

	
	Cabatuan
	40
	214.73
	
	
	

	
	Dingle
	7
	117.21
	
	
	

	
	Guimaras
	6
	229.58
	
	
	

	
	Lambunao
	9
	39.06
	
	
	

	
	Leganes
	11
	76.95
	
	
	

	
	Leon
	12
	182.79
	
	
	

	
	Miagao
	18
	71.31
	
	
	

	
	Mina
	14
	120.93
	
	
	

	
	Oton
	45
	69.40
	
	
	

	
	San Joaquin
	10
	141.60
	
	
	

	
	San Miguel
	36
	155.75
	
	
	

	
	Sara
	19
	85.74
	
	
	

	
	Sta. Barbara
	15
	87.23
	
	
	

	Land Property Size
	0.1427-0.6427 
	40
	120.56
	H=18.55
	0.002
	Significant

	
	0.6427-1.1427
	169
	122.29
	
	
	

	
	1.1427-1.6427
	43
	176.19
	
	
	

	
	1.6427-2.1427
	4
	128.00
	
	
	

	
	2.1427-2.6427
	4
	119.25
	
	
	

	
	2.6427-3.6427
	1
	137.00
	
	
	



	Table 4 presents that there is significant difference in the level of effectiveness when farmers are grouped according to their profile.  These result implies that the null hypothesis is rejected for the fact that there is a significant difference in the level of effectiveness of the utilization of the solar powered pump when farmers are grouped according to profile with the computed value of 23.94 for age, then for location of land with 163.51 and 18.55 for land property size. 

	This simply implies that the profile of the respondents has significant difference in the level of effectiveness in the utilization of the solar powered pump.  It implies that the utilization of the solar powered pump should take into consideration the age, location of land and land size.  Hence, implementing a program for farmers to have a higher yield of products should consider a rigid feasibility study and variables especially their age, ownership of the land and the land area.

	A significant difference is also observed in the perceived ease of use of solar pumps, with 86% of farmers finding them easy to use. Specifically, 96% of adopters and 77% of non-adopters believed solar pumps were easy to use. A small percentage (3% of adopters and 22% of non-adopters) did not provide feedback due to a lack of knowledge about the pump's characteristics according to the study of Sanogo et al. (2025).

	Table 4a below presents the comparison on the level of Effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon in terms of Age.

[bookmark: _Hlk202525964][bookmark: _Hlk202540943]Table 4a. Pairwise Comparison on the level of Effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon in terms of Age.
	[bookmark: _Hlk202526016]Age
	Computed Value
	P-value
	Interpretation

	35-43 years old and 44-52 years old
	-8.07
	0.762
	Not Significant

	35-43 years old and 53-61 years old
	-12.28
	0.637
	Not significant

	35-43 years old and 62-70 years old
	48.82
	0.075
	Not significant

	35-43 years old and 71-79 years old.
	7.89
	0.875
	Not significant

	44-52 years old and 53-61 years old
	-4.21
	0.703
	Not significant

	44-52 years old and 62-70 years old
	56.89
	<0.001
	Significant

	44-52 years old and 71-79 years old.
	15.96
	0.720
	Not significant

	53-61 years old and 62-70 years old
	61.10
	<0.001
	Significant

	53-61 years old and 71-79 years old
	20.17
	0.647
	Not significant

	62-70 years old and 71-79 years old
	-40.93
	0.362
	Not significant



	Table 4a reveals the significant difference in the level of effectiveness on the utilization of the solar powered pump when group according to age.  The result shows that there is a significant difference in the level of effectiveness in the age category between 44-52 years and 67-70 years old; and 53-61 years old and 62-70 years old.  It implies that when the responses of the mentioned age were computed as to their difference the result had a difference, thus varies much in the result. It also implies that utilization of the solar powered pump has a lower effectiveness level, thus needs further improvement in the implementation and utilization of the program.

	As presented in Table 4a, it is clearly presented that other age groups, aside from the mentioned age, have no significant difference in the level of effectiveness. This implies that for these age categories the level of effectiveness does not vary and for them the utilization of solar powered pump can surely mitigate El Nino phenomenon.  It also implies that the sustainability of the program is highly recommended.

	Age, education, gender, cost education, ease of use, benefits, awareness, product knowledge, ecological life cycle, technology innovativeness, technology optimism, economic conditions, government policy and social media exposure were the major factors that influenced farmers to adopt solar water-pumping systems and rooftop solar systems in Pakistan, Nigeria, Uganda and Agra (Kumar et al., 2024).
	
Table 4b below presents the pairwise comparison on the level of effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon in terms of Location of Land.

[bookmark: _Hlk202647111]Table 4b. Pairwise Comparison on the level of Effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon in terms of Location of Land.
	Location of Land
	Computed Value
	P-value
	Interpretation

	Alimodian and Banate
	38.40
	0.346
	Not Significant

	Alimodian and Batad
	-17.52
	0.701
	Not Significant

	Alimodian and Cabatuan
	4.85
	0.883
	Not Significant

	Alimodian and Dingle
	102.37
	0.015
	Significant

	Alimodian & Guimaras
	-10.00
	0.818
	Not Significant

	Alimodian &Lambunao
	180.53
	<0.001
	Significant

	Alimodian and Leganes
	142.63
	<0.001
	Significant

	Alimodian & Leon
	36.79
	0.330
	Not Significant

	Alimodian and Miagao
	148.28
	<0.001
	Significant

	Alimodian and Mina
	98.65
	0.007
	Significant

	Alimodian and Oton
	150.18
	<0.001
	Significant

	Alimodian and San Joaquin
	77.98
	0.045
	Significant

	Alimodian and San Miguel
	63.83
	0.055
	Not Significant

	Alimodian and Sara
	133.85
	<.001
	Significant

	Alimodian and Sta. Barbara
	132.35
	<0.001
	Significant

	Banate and Bantad
	-55.91
	0.194
	Not Significant

	Banate and Cabatuan
	-33.54
	0.251
	Not Significant

	Banate and Dingle
	63.97
	0.101
	Not Significant

	Banate and Guimaras
	-48.40
	0.235
	Not Significant

	Banate and Lambunao
	142.13
	<.001
	Significant

	Banate and Leganes
	104.23
	0.003
	Significant

	Banate and Leon
	-1.60
	0.963
	Not Significant

	Banate and Miagao
	109.88
	<.001
	Significant

	Banate and Mina
	60.26
	0.072
	Not Significant

	Banate and Oton
	111.79
	<0.001
	Significant

	Banate and San Joaquin
	39.59
	0.269
	Not Significant

	Banate and San Miguel
	25.44
	0.388
	Not Significant

	Banate and Sara
	95.45
	0.003
	Significant

	Banate and Sta. Barbara
	93.95
	0.004
	Significant

	Bantad and Cabatuan
	22.38
	0.532
	Not Significant

	Bantad and Dingle
	119.89
	0.007
	Significant

	Bantad and Guimaras
	7.52
	0.869
	Not Significant

	Bantad and Lambunao
	198.04
	<.001
	Significant

	Bantad and Leganes
	160.15
	<.001
	Significant

	Bantad and Leon
	54.31
	0.176
	Not Significant

	Bantad and Miagao
	165.79
	<.001
	Significant

	Bantad and Mina
	116.17
	0.003
	Significant

	Bantad and Oton
	167.70
	<.001
	Significant

	Bantad and San Joaquin
	95.50
	0.021
	Significant

	Bantad and San Miguel
	81.35
	0.024
	Significant

	Bantad and Sara
	151.36
	<.001
	Significant

	Bantad and Sta. Barbara
	149.87
	<.001
	Significant

	Cabatuan and Dingle
	97.51
	0.002
	Significant

	Cabatuan and Guimaras
	-14.86
	0.653
	Not Significant

	Cabatuan and Lambunao
	175.67
	<.001
	Significant

	Cabatuan and Leganes
	137.77
	<.001
	Significant

	Cabatuan and Leon
	31.93
	0.199
	Not Significant

	Cabatuan and Miagao
	143.42
	<.001
	Significant

	Cabatuan and Mina
	93.80
	<.001
	Significant

	Cabatuan and Oton
	145.33
	<.001
	Significant

	Cabatuan and San Joaquin
	73.13
	0.006
	Significant

	Cabatuan and San Miguel
	58.98
	<.001
	Significant

	Cabatuan and Sara
	128.99
	<.001
	Significant

	Cabatuan and Sta. Barbara
	127.49
	<.001
	Significant

	Dingle and Guimaras
	-112.37
	0.007
	Significant

	Dingle and Lambunao
	78.16
	0.040
	Significant

	Dingle and Leganes
	40.26
	0.270
	Not Significant

	Dingle and Leon
	-65.58
	0.068
	Not Significant

	Dingle and Miagao
	45.91
	0.172
	Not Significant

	Dingle n and Mina
	-3.71
	0.915
	Not Significant

	Dingle and Oton
	47.81
	0.119
	Not Significant

	Dingle and San Joaquin
	-24.39
	0.512
	Not Significant

	Dingle and San Miguel
	-38.54
	0.216
	Not Significant

	Dingle and Sara
	31.48
	0.345
	Not Significant

	Dingle and Sta. Barbara
	29.98
	0.385
	Not Significant

	Guimaras and Lambunao
	190.53
	<.001
	Significant

	Guimaras and Leganes
	152.63
	<.001
	Significant

	Guimaras and Leon
	46.79
	0.215
	Not Significant

	Guimaras and Miagao
	158.28
	<.001
	Significant

	Guimaras and Mina
	108.65
	0.003
	Significant

	Guimaras and Oton
	160.18
	<.001-
	Significant

	Guimaras and San Joaquin
	87.96
	0.024
	Significant

	Guimaras and San Miguel
	73.83
	0.026
	Significant

	Guimaras and Sara
	143.85
	<.001
	Significant

	Guimaras and Sta. Barbara
	142.35
	<.001
	Significant

	Lambunao and Leganes
	-37.90
	0.264
	Not Significant

	Lambunao and Leon
	-143.74
	<.001
	Significant

	Lambunao and Miagao
	-32.25
	0.295
	Not Significant

	Lambunao and Mina
	-81.87
	0.011
	Significant

	Lambunao and Oton
	-30.34
	0.271
	Not Significant

	Lambunao and San Joaquin
	-102.54
	0.003
	Significant

	Lambunao and San Miguel
	-116.69
	<.001
	Significant

	Lambunao and Sara
	-46.68
	0.126
	Not Significant

	Lambunao and Sta. Barbara
	-48.18
	0.130
	Not Significant

	Leganes and Leon
	-105.84
	<.001
	Significant

	Leganes and Miagao
	5.65
	0.845
	Not Significant

	Leganes and Mina
	-43.97
	0.148
	Not Significant

	Leganes and Oton
	7.55
	0.766
	Not Significant

	Leganes and San Joaquin
	-64.65
	0.050
	Significant

	Leganes and San Miguel
	-78.80
	0.002
	significant

	Leganes and Sara
	-8.78
	0.759
	Not Significant

	Leganes and Sta. Barbara
	-10.28
	0.731
	Not Significant

	Leon and Miagao
	111.49
	<.001
	Significant

	Leon and Mina
	61.86
	0.037
	Significant

	Leon and Oton
	113.39
	<.001
	Significant

	Leon and San Joaquin
	41.19
	0.202
	Not Significant

	Leon and San Miguel
	27.04
	0.282
	Not Significant

	Leon and Sara
	97.05
	<.001
	Significant

	Leon and Sta. Barbara
	95.56
	0.001
	Significant

	Miagao and Mina
	-49.62
	0.065
	Not Significant

	Miagao and Oton
	1.91
	0.928
	Not Significant

	Miagao and Sara
	-14.43
	0.561
	Not Significant

	Miagao and Sta. Barbara
	-15.93
	0.546
	Not Significant

	Mina and Oton
	51.53
	0.026
	Significant

	Mina and San Joaquin
	-70.29
	0.018
	Significant

	Mina and San Miguel
	-34.82
	0.143
	Not Significant

	Mina and Sara
	35.19
	0.185
	Not Significant

	Mina and Sta. Barbara
	33.70
	0.230
	Not Significant

	Oton & San Joaquin
	-72.20
	0.006
	Significant

	Oton and San Miguel
	-86.35
	<.001
	Significant

	Oton and Sara
	-16.34
	0.429
	Not Significant

	Oton and Sta. Barbara
	-17.83
	0.428
	Not Significant

	San Miguel and Sara
	70.01
	0.001
	Not Significant

	San Miguel and Sta Barbara
	68.52
	0.003
	Significant

	Sara and Sta Barbara
	-1.50
	0.954
	Not Significant

	Sara-San Joaquin
	55.86
	0.058
	Not Significant

	Sta Barbara- San Joaquin
	54.37
	0.078
	Not Significant



Table 4b presents the significant difference in the level of effectiveness in the utilization of the solar powered pump when grouped according to location of land.  The table presents the results of the responses of the farmers in the different cities and municipalities of Iloilo province.  It also showed the significant difference in the level of effectiveness of the utilization between two places.

	In the municipality of Alimodian, the farmers responses on the significant difference between Municipalities of Dingle, Lambunao, Leganes, Miag-ao, Mina, Oton, San Joaquin, Sara and Sta. Barbara the result showed that there is a significant difference in the level of effectiveness in the utilization of the solar powered pump.  It implies that the utilization needs further study before its implementation.

Furthermore, there is a significant difference in the level of effectiveness in the utilization of the solar powered pump when the responses of the farmers in the municipality of Banate to the municipalities of Lambunao, Leganes, Miag-ao, Oton, Sara and Sta. Barbara.  Thus, it implies that in these municipalities further research and feasibility study should be considered before the utilization of equipment.

	Likewise, in the municipality of Bantad the level of effectiveness of the utilization of solar powered pump had a significant difference when compared to the municipalities of Dingle, Lambunao, Leganes, Miag-ao, Mina, Oton, San Joaquin, San Miguel, Sara and Sta. Barbara.  It implies that farmers from Bantad had a great difference in their responses to that of the mentioned municipalities. Hence, the program implementer should identify the level of effectiveness and focus on improving it.

	The same result is revealed when the farmers responses from municipality of Cabatuan were compared to the farmers from the municipalities of Dingle, Lambunao, Leganes, Miag-ao, Mina, Oton, San Joaquin, San Miguel, Sara and Sta. Barbara which showed that there is a significant difference in the level of effectiveness.  On the other hand, only Guimaras province and Municipality of Leon had result with no significant difference in the level of effectiveness in the utilization.  It implies that those municipalities with significant differences should consider other factors of the program for higher level of effectiveness and those places with no significant difference should sustain the program of implementation.
	
Moreover, when the responses of the farmers from the municipality of Dingle where compared from other places only the municipality of Lambunao and the province of Guimaras had a significant difference in the level of effectiveness of tits utilization of solar powered pump. It implies that other municipalities consider the effectiveness of the pump but in two places needs further improvement.  

	To further present the result of the study, the farmers responses’ from the municipality of Lambunao showed that there is a significant difference when compared to the responses of the farmers from the municipality of Leon, Mina, San Joaquin and San Miguel in the level of effectiveness on the utilization of the solar powered pump.  The farmers from these places attested that the implementer needs to identify the utilization program and how to enhance it.

	Similarly, the result of significant difference in the level of effectiveness of the farmers from the municipality of Leganes with those from the municipality of Leon, San Joaquin and San Miguel.  These farmers emphasized that the utilization was effective but needed further study especially in the aspect of implementation and sustainability factor of the program.

	The same is true with the effectiveness level of the utilization with significant difference in the municipality of Mina with Oton and San Joaquin; Oton between San Joaquin and San Miguel; and between San Miguel and Sta. Barbara. The result implies that the mentioned municipalities have utilized the solar powered pump as mitigating idea to combat El Nino and stressed out that the utilization program be further tighter and maybe more pumps should be provided or whatever were needed as proposed by the farmers in those areas.

	Finally, the farmers from the Province of Guimaras gave also the same significant difference in their responses when compared to the municipalities of Lambunao, Leganes, Miag-ao, Mina, Oton, San Joaquin, Sara, San Miguel and Sta. Barbara.  This implies that in whatever places the significant difference varies and can be concluded that utilization needs more enhancement.  It also implies that level of no significant difference in some areas’ sustainability, improvements and further techniques in the utilization program should be further practiced.

	Solar technologies are becoming a viable option for both large and small-scale farmers. Solar powered irrigation systems (SPIS) provide reliable and affordable energy, potentially reducing energy costs for irrigation. Particularly in rural areas, where cost of diesel fuel is high or where reliable access to the electricity grid is lacking, they can provide a relatively flexible and climate-friendly alternative energy source.  In response to mitigating the impacts of climate change, the government installed several large solar irrigation projects in different parts of the country. For instance, solar irrigation projects were installed in the provinces of Rizal, Laguna, Camarines Sur, Nueva Ecija, Occidental Mindoro, and Lanao del Sur in the last 5 years. These projects provide a sustainable supply of water in the absence of a conventional irrigation system while offsetting the cost of traditional irrigation fuels, offering low operational costs, and producing zero GHG emissions (Guno & Agaton, 2022).

	Table 4c below presents the comparison of land property size.

Table 4c. Pairwise Comparison on the level of Effectiveness of the Solar Powered Pump Utilization by Farmers to Mitigate El Nino Phenomenon in terms of Land Property Size. 
	Land Property Size in Hectares
	Computed value
	P-value
	Interpretation

	0.1427-0.6427 Hectares and 0.6427-1.1427
	-1.724
	0.897
	Not significant

	0.1427-0.6427 Hectares and 1.1427-1.6427
	-55.624
	<.001
	Significant

	0.1427-0.6427 Hectares and 1.6427-2.1427
	-7.438
	0.851
	Not significant

	0.06427-1.1427 hectares and 1.1427-1.6427
	-53.899
	<.001
	Significant

	0.1427-0.6427 hectares and 3.1427-3.6427
	-16.348
	0.830
	Not significant

	0.6427-1.1427 hectares and 3.1427-3.6427
	-14.713
	0.846
	Not significant

	0.6427-1.1427 hectares and 1.6427 – 2.1427
	-5.713
	0.881
	Not significant

	1.6427-2.1427 hectares and 1.1427-1.6427
	48.186
	0.222
	Not significant

	1.6427-2.1427 hectares and 3,1427- 3.6427
	-9.00
	0.915
	Not significant

	3.1427 -3.6427 hectares and 1,1427 – 1.6427
	39.186
	0.608
	Not significant

	2.1427-2.6427 hectares and 1.1427 -1.6427
	56.936
	0.149
	Not significant

	2.1427-2.6427 hectares and 3.1427-3.6427
	-17.750
	0.833
	Not significant

	2.1427-2.6427 hectares and 1.6427 -2.1427
	8.750
	0.870
	Not significant

	2.1427 -2.6427 hectares and 0.6427 – 1.1427
	3.037
	0.937
	Not significant

	2.1427 -2.6427 hectares and 0.1427-0.06427
	1.313
	0.974
	Not significant



	Table 4c presents the significant difference in the level of effectiveness in the utilization of solar powered pumps when grouped according to land size.  The result of the study reveals that there is a significant difference in the level of effectiveness for those farmers who own a land area of 1.1427-16427 hectares whose responses were compared to those with land area of 0.1427- 0.6427and 0.6427-1.1427 hectares.  The rest of the land areas, when compared to other land sizes, the result showed no significant difference in the level of effectiveness in the utilization of solar powered pumps. It implies that whatever land size the farmers owned the level of effectiveness does not vary and has no difference.  With this implication, it is highly recommended that this program should be sustained and have tighter implementation for a better yield of agricultural crops.

Finally, in the study of Geronimo and Mallari (2025) it is clearly emphasized that the size of a farmer’s landholding substantially determined the trend for the adoption and impact of solar-powered irrigation systems. Small-scale farmers such as those with less than one hectare to two hectares of farmland may benefit most from solar-powered irrigation systems as they often face challenges in accessing reliable water sources most especially those situated at the tail-end portion of canals and any available reservoir. Smaller systems may be more affordable and easier to manage for these farmers.

Conclusion

The study concluded that the majority of respondents were farmers aged 53–61 years old, while the smallest group was those aged 71–79 years old. Most participants came from the Municipality of Oton, whereas Batad recorded the lowest number of respondents. In terms of landholding, farmers with properties between 0.6427–1.1427 hectares represented the largest group, while only one farmer owned land between 2.6427–3.6427 hectares. The performance of operation of the solar-powered pump was found to be effective as a mitigating measure against the El Niño phenomenon; however, its sustainability of output and efficiency of the system were assessed at an average level. Age, land size, and location influenced perceptions of effectiveness, with farmers aged 53–61 years and those with medium-sized landholdings rating the pump as effective, while older farmers and those with larger landholdings assessed it at an average level. Significant differences in effectiveness were also observed across municipalities, confirming that location played a crucial role in utilization outcomes. Overall, the solar-powered pump was interpreted as having average effectiveness, with a mean score of 3.33. These findings will serve as the basis for crafting an action plan and intervention program to strengthen the use of solar-powered water pumps as a sustainable measure against the impacts of El Niño.
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