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Abstract

The study examines irrigation system efficiency through analysing crop productiveness with environmental outcome assessment
among drip, sprinkler and surface irrigation techniques. Water scarcity and environmental degradation pose significant
challenges to global agriculture. The successful preservation of water resources is necessary for providing a reliable food system
alongside protecting natural systems. The analysts aim to define irrigation methods that combine high agricultural performance
with sustainable practices. The research design combines quantitative and qualitative data collection methods through its
mixedmethod approach. Scientists obtain crop yield and water-use efficiency information through experimental studies
conducted at numerous irrigation systems. The analysis includes an evaluation of soil quality with groundwater depletion and
energy consumption as environmental impact measurements. The adoption of irrigation systems receives qualitative assessment
through online survey conducted among expert farmers in the field of agriculture. The Advanced irrigation techniques installed
as drip and sprinkler systems enhance both water conservation and yield production levels more than rudimentary surface water
irrigation methods. Widespread adoption remains limited due to installation expenses with implementation barriers between
farmers and new technologies. The study proves the necessity of implementing policy measures with economic rewards and
farmer training initiatives for promoting sustainable irrigation solutions.

Keywords: Sustainable water management, irrigation systems, crop productivity, environmental health, water-use efficiency,
drip irrigation, sprinkler irrigation, surface irrigation, groundwater depletion, agricultural sustainability.

Introduction

The worldwide issue of agricultural degradation combines with water scarcity as major obstacles before modern farming. Water
management needs to function efficiently because this determines both food sustainability and environmental stability[1]. The
environmental impact of irrigation methods on crop productivity stands significantly different from one system to another[2].This
paper evaluates three types of irrigation systems, including drip irrigation, sprinkler irrigation, and surface irrigation, which are
assessed based on their effects on water efficiency along with crop productivity and environmental quality[3]. Agricultural
practitioners need to discover sustainable irrigation methods that maximize crop production results without causing environmental
deterioration since agriculture uses up approximately 70% of all global freshwater withdrawals. Problems from wrongful
irrigation techniques generate soil salinization effects with waterlogged soil conditions along with water source depletions, which
harm crop farming and ecological systems[4].Sustainable agriculture requires selecting appropriate approaches to manage
irrigation. The research evaluates multiple irrigation systems through investigations of their effects on efficiency rates and
productivity rates besides environmental influences. The research examines several elements to deliver knowledge about
maximizing irrigation systems that sustain both farming productivity and ecological stability[5].Albania enjoys broad exposures
to the Adriatic and lonian Seas due to its location on the western portion of the Balkan Peninsula. Albania experiences four
distinct seasons throughout the year: a comparatively cold spring, scorching, dry summer, autumn that is warmer than spring, and
a generally dry, wet and mild winter in the lowlands and western region, with a chilly winter in the interior, especially at high
elevations[67].The Total Soluble Salts is one of the critical indices of the water irrigation quality. Salts affect plants by means of
raising the water osmotic pressure and delaying plant growth13. High concentration of Na+ ions in water is undesirable because
it interferes with other ions, destroying the soil structure, closing the soil pores, and reducing the water flow [67].
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Figure No.01: The performance of drip irrigation, sprinkler irrigation, and surface irrigation

Research Problem

The research analyses the crucial problems of water shortage and ineffective standard irrigation systems that create negative
impacts on farming output and environmental well-being. Soaring water scarcity problems require farmers to improve water use
effectiveness but maintain crop productivity and environmental sustainability because they consume major shares of global
freshwater supplies. Soil degradation occurs with waterlogging and water depletion as side effects of poor irrigation practices.
Current irrigation technology improvements like drip irrigation, sprinkler systems, and surface irrigation fail to reveal their
specific water usage and crop cultivation performance. The research study evaluates different irrigation systems for their
achievement of water use efficiency alongside achievements in crop production and environmental sustainability assessment.

Research Objectives

. Evaluate how each irrigation method affects water use and crop yield.
. Examine the effects of irrigation on soil health and water resources.
. Identify factors that affect the adoption of sustainable irrigation practices.

Scope and Limitations

The paper examines three essential irrigation systems, including drip irrigation, sprinkler irrigation, and surface irrigation, because
these methods dominate agricultural water management. Non-agricultural water management systems are excluded from the
study because this research centres on agricultural practices. This work attempts complete system comparisons of irrigation
methods, although geographic and climate particularities limit the research's effectiveness due to variable responses relating to
local environmental conditions. Data availability across all agricultural regions has the potential to limit case study research depth
because the consistent data transmission rate is restricted. The work excludes evaluations of irrigation systems beyond surface
irrigation and does not contain assessments of subsurface irrigation or automated technologies that demonstrate sustainable water
usage.

Literature Review

Framework of Sustainable Water Management

The essential groundwork of sustainable water management consists of water efficiency and conservation as well as sustainable
agriculture to make possible unlimited water use and superior agricultural outputs[7].The practice of water efficiency enables
optimal utilization of water resources to achieve maximum crop yields from every used unit of water [6]. The practice of
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conservation seeks to protect and wisely manage water resources for preventing their depletion and degradation, but sustainable
agriculture exists as a balanced system between food production and environmental protection [8]. Such management methods
enable farmers to protect their soil while retaining water resources and decreasing agricultural operations' impact on the
environment [10]. Sustainable water management receives key guidance through Sustainable Development Goal Clean Water
and Sanitation, which focuses on both the secure provision of safe water and sanitation with lasting water resource
management[11]. SDG 6 works to achieve efficient water resource management by reducing wasteful practices and developing
solutions to meet agricultural, industrial, and community needs [12]. The framework promotes techniques supporting water
conservation while establishing technologies for clean water availability in the future. The achievement of SDG 6 depends on an
integrated water management system focused on improving irrigation efficiency combined with lower water usage and better
practices for water reuse and recycling [13].

Types of Irrigation Systems

Drip Irrigation: The irrigation system of drip irrigation efficiently provides water right at plant roots with tubing networks and
pipe systems and small emitters[14]. The irrigation technique prevents wasteful water use by decreasing both evaporation losses
and surface runoffs[15].The adoption of drip irrigation systems brings multiple benefits, such as maximal water preservation and
precise watering delivery to crops and enhanced plant yields because of regulated moisture control alongside minimal weed
growth from water distribution only at targeted locations[16]. Setup expenses for this irrigation technology remain high while the
emitters can become clogged when maintenance is inadequate, and operators check and maintain the system continually to
preserve its operating performance[17].

Sprinkler Irrigation: Through sprinkler irrigation systems, crops receive water spray like rainfall by utilizing pipes with installed
nozzles. The system displays extensive coverage, making it appropriate for various crop types grown in open fields along with
cultivated areas[18]. Sprinklers are flexible to work on diverse soil conditions along with uneven surfaces because they operate
automatically for continuous watering[19]. The utilization of sprinklers leads to environmental challenges because significant
water loss happens by evaporation and wind drift in hot locations, resulting in reduced water efficiency[20]. When sprinklers are
implemented incorrectly, they create runoff conditions that cause soil to disappear through erosion. Operating sprinkler systems
demands substantial energy usage to transfer water through pumps, thus raising operational expenditures[21].

Surface Irrigation: Surface irrigation remains the most traditional water distribution system that directs flowing water directly
onto the soil through the practices of furrow irrigation, flood irrigation, and basin irrigation[22]. Surface irrigation remains one
of the most commonly used techniques despite several known restrictions. Due to evaporation and infiltration, water is regularly
wasted, effectively reducing the efficiency of this method compared to alternative systems[23].An ample action for managing
water distribution and field levelling creates an additional requirement for manual labour in surface irrigation. The surface
irrigation method leads to environmental problems through excessive water retention, leading to waterlogged soils, surface water
pollution, and topsoil destruction from wind.

Soils become waterlogged when too much irrigation occurs, which then causes root starvation for oxygen and harms the
developing plants[24].The motion of runoff distributes agricultural chemicals into surrounding water features, thus creating
pollution effects. Every irrigation system type includes unique advantages as well as specific disadvantages[25].Drip irrigation
produces maximum water conservation, yet its installation expenses combined with maintenance costs present obstacles for its
implementation. Sprinkler irrigation systems provide extensive applications while covering large areas, though they expose the
land to moisture loss via evaporation alongside environmental hazards like soil runoff and erosion. Surface irrigation remains
affordable, but its operation produces less productive results and exposes the environment to risks through unmanaged
practices[26].

Impact of Irrigation on Crop Productivity

The fundamental part irrigation serves in agricultural productivity enhancement becomes clear through its ability to provide stable
water resources to plants, mainly in water-supply deficient regions[27]. The effects of irrigation systems on crop productivity
consist of two key elements, which include water-use efficiency and precision irrigation systems. WUE represents the relation
between crop output and water input measurement[28].An essential technique exists for assessing irrigation system success in
achieving high agricultural yields and preventing water loss. Irrigation system performance depends on both crop types used and
environmental factors, with proper management procedures[29].

The water-use efficiency levels of wheat, rice, and maize are usually high when farmers implement drip and sprinkler
irrigation systems. Preventing rice yield loss and water conservation under normal conditions is possible through regulated water
management practices, including alternate wetting and drying[30]. Tomatoes with cucumbers and lettuce, demonstrate superior
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water-use efficiency because their fast-growing nature demands plentiful water supply. Property Parameters of irrigation
technology, including the drip system, maintain precise water delivery to crops while diminishing waste and delivering better
yields. The combination of high-water demand by citrus, including grapes and apples, allows farmers to implement proper
irrigation management, which directly leads to better water-use efficiency results[31].The application method of regulated deficit
irrigation results in improved water conservation and better crop quality through water delivery during crucial development
periods. Becoming an expert at irrigation management naturally leads to WUE enhancement.

Irrigation control reaches a precise level in this technique, which enables the delivery of individual water needs for specific
plants at appropriate times. Drip irrigation represents one of the most used precision irrigation techniques, which sends water
straight to plant roots, thus lowering both evaporation and surface runoff losses[32]. Through precise application of water to plant
root areas, drip irrigation maintains effective water usage that results in better production outcomes because plants receive
desirable moisture levels for development[33]. The variable rate irrigation system employs GPS and remote sensing to deliver
water at different intensities across fields based on variabilities among different field areas. Through this method, one achieves
better irrigation water distribution and less waste in agricultural fields, which present significant soil variability requiring different
water amounts[34]. VRI strengthens crop productivity because it sends water directly to areas demanding the most watering.
Irrigation systems maximized water efficiency through correct utilization, which leads to increased agricultural production when
water shortage challenges exist. The practice of precision irrigation delivers precise water amounts to crops, which leads to their
best possible development[35].

Environmental Impacts of Irrigation Practices

The agricultural productivity depends on irrigation, but the practice creates multiple environmental challenges. The improper
management of irrigation systems results in soil deterioration, water overutilization and systems disruption in the
environment[36].Soil degradation with salinization represents the first major environmental concern of irrigation [37].The main
environmental challenge created by irrigation manifests through soil degradation because excessive water application triggers
ground erosion and depletes nutrients, which reduces soil fertility[38]. The consequences of heavy irrigation include soil
compactness that causes damage to both air retention and nutrient storage, resulting in deficient plant development. Excessive
irrigation leads to the development of salinization, particularly in dry and dry-subtropical areas.

The process of irrigation water evaporation creates soil accumulation of dissolved salts, resulting in the decline of soil fertility.
High salinity of soil limits plant development and causes both harvest yield reductions and complete soil infertility[39]. Irrigation
systems across the world use up major shares of accessible freshwater reservoirs. Rivers, along with lakes and aquifers, experience
excessive water extraction due to irrigation, which creates major water depletion problems that lead to lowered water levels and
disrupted natural hydrologic processes. Water scarcity and diminished clean water availability for human use exist because many
regions experience groundwater level decreases from extensive poor irrigation techniques[40]. Water contamination occurs
because irrigation results in agricultural chemicals leaking into the soil and overflowing through runoff.

Water bodies absorb pollutants that create eutrophication through excessive algae growth while at the same time depriving
water of oxygen, which harms aquatic inhabitants. Ingestion of contaminated drinking water containing both nitrates and
pesticides creates serious health threats to human beings along with animals[41].The management of watersheds through
irrigation strategies creates biodiversity-related environmental effects because watercourses are disrupted while habitats are
modified. The extraction of water from rivers combined with wetlands for irrigation purposes creates destructive effects on
aquatic environments that result in insufficient water supply for both fish and birds and wildlife. Large-scale irrigation projects
have resulted in lakes and rivers drying at the Aral Sea and other water bodies because of over-irrigation that reduced one of the
world's largest inland lakes to insignificance. Soil erosion becomes worse when irrigation persists too much since it causes
sediments to build up in rivers and lakes and thus damages aquatic habitats[42].

The implementation of irrigation projects necessitates draining wetlands because they act as water filters for the environment
while housing various plants and animals, leading to biodiversity loss. The adoption of integrated water resource management
used to limit biodiversity harm by balancing water efficiency efforts against preservation of natural ecosystems[43].Soil
degradation through salinization creates threats to agricultural productivity, while water depletion with contamination poses
serious risks to environmental health as well as human health. Additionally, soil degradation and water depletion cause serious
threats to natural ecosystems[44].
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Figure No.02: Environmental impacts of Different irrigation methods

Socio-Economic and Policy Perspectives

The practice of irrigation sustains three essential functions for agriculture: it raises productivity while ensuring better food security
for rural communities. Various socio-economic conditions, with policy regulations, shape the way irrigation programs are
enforced because they affect both sustainability and operational success[45].The analysis examines three essential dimensions
regarding water use: economic performance and obstacles with social fairness in water distribution and government programs for
environmentally friendly water management[46]. Farmland growth receives substantial support from irrigation because farmers
achieve better yields and improved production as well as established steadier incomes. When farmers obtain dependable irrigation
access, they can grow valuable crops along with various produce while protecting themselves from raindriven uncertainties.

The expansion of food security coupled with stronger national economies results from this development[47].Costly
investments in irrigation facilities such as pumps, touching pipelines, and water storage facilities serve as a major obstacle,
especially for farmers who operate small farms. The total cost consists of water extraction expenses and energy consumption
costs along with maintenance costs, which enhance financial difficulties[65]. Developing countries face affordability issues with
credit and support programs, which make it difficult for cultivation farmers to acquire contemporary irrigation technologies, thus
restricting their economic development opportunity[48].The health of water resources for irrigation forms socially unequal
boundaries between big commercial agricultural businesses and traditional small-scale farmers. Farmers from higher-income
groups who utilize state-of-the-art irrigation equipment backed by personal water sources yield better agricultural results than
basic farmer operations limited by water scarcity. Rural economic inequalities tend to grow bigger because of unequal water
distribution[49]. There are gender-based differences in the allocation of irrigation resources. Female agricultural producers in
many villages face restrictions on water resource control because ownership laws combine with social expectations[50].

Water distribution fairness depends on policies that create support systems and protection for women and smallholder farmer
communities. Governments determine irrigation practice outcomes by developing regulations alongside supporting policies and
subsidizing initiatives. One important method involves directing both assistance and monetary benefits toward farmers so they
obtain contemporary irrigation system technologies such as drip irrigation and rainwater harvesting and smart irrigation
equipment[51]. Financial rewards decrease water expenses while they stimulate people to use water resources with maximum
efficiency. Water pricing, with water management regulations, exists as a critical policy instrument. A sensible water pricing
system enables efficient resource utilization, whereas groundwater extraction rules prevent both short-term and long-term damage
to sustainability[52].

The development of irrigation innovation depends strongly on public-private partnerships. The cooperation of governments
with both private companies and research institutions helps decrease irrigation technology costs so farmers access them better.

Vol: 2025 | Iss: 1 | 2025 | © 2025 Membrane Technology 953



Membrane Technology

ISSN (online): 1873-4049

The practice of community-based water management stands as an efficient way to achieve sustainable irrigation activities[53].
Water governance groups that include local community members design irrigation systems that respond to their unique
requirements. Through community leadership, people learn about responsible water practices while creating systems that establish
transparent distribution of water resources. Sustainable irrigation depends heavily upon both social-economic characteristics and
governmental policies[54]. The positive economic effects of irrigation on agricultural productivity require attention for resolving
its associated issues involving high expenses alongside social inequality and inadequate water management practices. Public
authorities, with stakeholders, create fair irrigation policies that provide cost-efficient and environmentally sustainable water
accessibility for every farmer[66].

The global irrigation efficiency
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Figure No.03: Global Irrigation Overview: Sources: FAQ's Global Map of Irrigation Areas, World Bank Data on
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Methodology

Research Design

This work uses a blend of quantitative and qualitative methods to evaluate sustainable water resources management with irrigation
procedures. Irrigation data with water efficiency measurements and crop production rates, receives quantitative treatment utilizing
surveys and secondary information accessed from FAO, World Bank, and UN-Water. The qualitative method features interviews
and case studies executed with farmers alongside policymakers for grasping both obstacles and best implementation methods.
This study receives clarity through its combination of quantitative and qualitative approaches, thus achieving holistic insights
about irrigation efficiency with environmental impacts alongside policy results.

Data Collection Methods

The research incorporates both quantitative assessment techniques with qualitative approaches to gather information. The research
uses online surveys to obtain answers from farmers, experts and policymakers who work in the field of irrigation sustainability
practices. Stakeholders throughout the study undergo interviews with case studies that aim to uncover their water management
and irrigation system perceptions as well as challenges and experiences. The combination of qualitative and quantitative research
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methods reveals complete understanding about both statistical patterns and the fundamental elements that control irrigation
strategies. Sampling Strategy

The research sampling method selects agricultural sites from regions with various climates to obtain complete representation of
different irrigation practices throughout different ecological zones. Both commercial and smallholder farmers receive attention
in the study because the study intends to collect insights from these distinct farmer groups. The wide range of selected agricultural
regions provides broad investigative possibilities to study irrigation system performance among small and commercial farmers
in multiple environmental conditions.

Data Analysis Techniques

Data evaluation for statistical purposes and guantitative analysis employ tables and graphs for displaying irrigation efficiency
data between diverse farming practices across geographic areas. The researcher uses tables to present main data variables about
water consumption, crop production, and soil conditions, then graphically analyse irrigation performance patterns. The
researchers implement thematic analysis to extract major themes and understandings from their interviews and case studies with
farmers, which enhance their understanding of irrigation practices from their perspectives. The study presents complete research
results through an integration of data visualization and qualitative data analysis.

Ethical Considerations

The research study maintains comprehensive ethical standards for safeguarding participant privacy throughout the entire process.
The study requires obtaining informed consent from every participant who needs to understand the research purpose with data
collection methods and withdrawal rights without negative outcomes. The investigators protect data confidentiality through
anonymous response collection procedures and secure storage measures that stop unauthorized access to the information. The
investigation produces unbiased summaries through objective, transparent reporting which keeps the research process authentic.
Results and Discussion

Comparative Analysis of Irrigation Systems

This research | study different irrigation systems through three performance criteria consisting of both water efficiency and
economic performance alongside crop production results. This analysis examines water consumption and cost-effectiveness and
productivity levels for drip irrigation and sprinkler irrigation and surface irrigation procedures. Soil type and climate conditions
play a significant role in how performance evaluations affect irrigation efficiency. The evaluated comparison determines
appropriate irrigation solutions for various agricultural landscapes, which supports better resource management through enhanced
water efficiency and yield effectiveness.

Table No.01: The comparative analysis of irrigation systems on a global perspective, focusing on water usage,
costeffectiveness, and yield output, as well as performance variations based on soil type and climate conditions.

rricati Cost Performance Pert Based
ost- . .
rrigation Water Usage . Yield Output Based on Soil erformance  based —on
System Effectiveness Type Climate Conditions
: . : . High , :
Drip Low (precise,  High (efficient (increased crop Best for sandy or |  Performs well in dry climates,
Irrigation | water delivery) water use) yield) well-drained soils minimizes evaporation loss
Suitable for . . .
Sorinkler | Moderate (water Moderate Moderate loamy soils but Works ~ well in regions with
IrF;igation distributed over (higher initial (depends on less effective in consistent rainfall, moderate
large area) setup) crop) clayey soils climates
High (water is Low (cheapest Low to Performs well in Effective in areas with
Sqrfat_:e applied directly | system, but less Moderate heavy clay or flat abundant water but may be
Irrigation | ¢4 soil) efficient) (varies) soils inefficient in arid climates

Environmental Implications of Irrigation Practices

The methods used to irrigate agricultural land produce serious environmental effects, which include decreases in groundwater
level and inadequate care of soil conditions. Unrestrained irrigation use, primarily in unregulated systems, creates the problem of
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groundwater exhaustion that makes freshwater harder to access for agriculture and other uses. Extensive groundwater extraction
results in land movement known as subsidence as well as soil salinization, which deteriorates crop potential in the affected area.
Soil degradation occurs when improper irrigation practices lead to surface irrigation, resulting in the formation of erosion coupled
with compaction alongside salinization problems in the soil.

The soil quality with its fertility, undergoes degradation, which makes crop cultivation harder. Soil infrastructure suffers
when irrigation systems allow water to remain stagnant because it cuts down oxygen available in the ground, leading to weak
root development and unhealthy plant growth. The irrigation system maximizes water conservation while decreasing moisture
loss to remove excess water from plant roots, thus protecting soil quality from degradation. The water conservation benefits of
sprinkler irrigation do not eliminate its potential to waste water during evaporation in hot, dry areas. Any irrigation approach that
follows the surface distribution method costs less yet produces significant losses of water alongside severe soil damage, which
leads to diminished sustainability.

Table No.02: the environmental implications of irrigation practices from a global perspective, focusing on key environmental
factors like groundwater depletion, soil degradation, and the sustainability of different irrigation methods.

Global Soil Water Use
Irrigation Groundwater Degradation Efficiency Sustainability Global Adoption Rate
System Depletion (%) Impact (%) Score (1-10) (%)
Drip 5-10% (minimal Low (minimal . .
Irrigation impact) degradation) 90-95% 9 20%
Sprinkler 10-20% (moderate Moderate (some . .
Irrigation impact) erosion) 70-85% ! 30%
Surface 20-40% (high High (erosion, . .
Irrigation impact) salinization) 50-65% 5 40%
Subsurface . . Low (reduced . .
Irrigation | °-10% (lowimpact) | g, face runoff) 85-90% 8 5%

Socio-Economic Barriers and Opportunities

Various socio-economic factors determine farmer adoption of efficient irrigation systems because these elements shape their
potential to utilize modern practices. Modern irrigation systems such as drip and sprinkler systems remain out of reach because
of their steep initial costs, which farmer groups find challenging to manage. Smallholder farmers who reside in developing regions
find it difficult to obtain money for modern agricultural technologies because rural regions experience poor access to quality
equipment as well as infrastructure. Developments in inexpensive, low-technology irrigation solutions have emerged to resolve
this affordability issue. Through government support programs, farmers access affordable irrigation systems by receiving
financial help, tax benefits, and low-cost loans, which lower their investment costs. The transition to modern irrigation systems
receives additional beneficial support through government policies that include technical training and assistance programs.
Agricultural opinion regarding new technology adoption depends on both existing cultural methods and earlier encounters with
emerging agricultural technology. Farmers exhibit mixed reactions regarding efficient methods due to their uncertainty about
these methods and their traditional farming methods or poor familiarity with new practices. The essential elements for
transforming community mindsets toward modern irrigation methods include education programs and training as well as
demonstration projects. Farmers need combined support from government programs and educational initiatives to welcome
sustainable irrigation methods that enhance their productivity and preserve the environment in the long run despite facing
socioeconomic limitations.

Table No0.03: the global data on irrigation system adoption and market projections:

Irrigati Market Projected Market
rrigation rojecte arke .
Val
Technology alue Value (2025) CAGR Key Insights
(2024)
Smart Irrigation $1.86 - 0 Driven by water conservation and
Market billion $2.16 billion 16% sustainable farming practices.
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Growing adoption of precision

Precision Irrigation $.9'.55 $11.13 billion 16.60% technologies for water-efficient farming.
Market billion
Drip Irrigati $4.9 St wth, reflecting i d
rip frrigation billion $8.5 billion 9.60% rong growth, Tetiecting -Increase
Market demand for efficient irrigation systems.
(2019)
Regional Insights - - - Dominates the smart irrigation market
(NorthAmerica) with 40% market share.
. . Fastest-growing region for smart
Reg\lqna;)ln_sflghts - - - irrigation, driven by water scarcity and
(Asia-Pacific) agricultural demand.
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Figure No.06:Global Irrigation Technology Value(2024-2025)

Policy Implications and Recommendations

Sustainable agricultural methods depend on integrated water management policies because areas suffering from water shortages
require such policies. Governments need to establish complete strategies that unite agricultural expertise with environmental
approaches and water management operations to promote fair and efficient water delivery systems. Irrigation training programs
for farmers accompany new policies in order to establish sustainable practices. Governments, with NGOs, create available
educational programs that demonstrate the economic advantages alongside the environmental benefits of these irrigation
strategies. Sanitary conditions in rural areas face difficulties because of expensive initial spending and restricted information
availability. Public-private partnerships with specific financing programs supplied by policymakers promote farmer access to
agricultural technology investments. Sustainable farming practices depend on both further research investigations and reduced
costs through this field due to technological advancement. Various conservation initiatives join forces to protect water deposits
at the same time they boost agricultural output while creating climate change adaptability.

Vol: 2025 | Iss: 1 | 2025 | © 2025 Membrane Technology

958



Membrane Technology

ISSN (online): 1873-4049

Source of Year

CountofCategorybySource/Year

25
World Bank, 2023 USDA,
2022
UNESCO, 2022
UN Water, 2023

McKinsey & Company, 2023
International Telecommunication Union ...

International Energy Agency (IEA), 2023
ILO, 2022
Global Carbon Project, 2023 FAO, 2023 e —

FAO, 2021

I

Count of Category
Conclusion and Recommendations

Several essential recommendations exist to solve the water efficiency problems in agriculture based on the research outcomes.
Government authorities with agricultural organizations, create financial programs to make efficient irrigation systems like
sprinklers and drippers more appealing to farmers. These systems become more affordable for farmers through governmental
financial support granting programs and low-interest loan options, especially in drought-prone areas. The implementation of
broad education programs coupled with extensive training sessions occur to teach farmers about sustainable irrigation's extended
value. These programs need to demonstrate water-saving programs with their benefits, along with higher yields and superior soil
preservation methods.

Developing affordable irrigation systems with low maintenance requirements become a priority for the purpose of assisting
smallholder farmers in developing nations. Investment in affordable irrigation technology from both governmental sectors and
private companies demands immediate attention. Governments need to establish regulations that back water-saving practices
while controlling wasteful irrigation systems at both national and regional levels. The guidelines would specify how farmers
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adopt sustainable irrigation approaches while following rules for proper water stewardship in agricultural practice. The
government develop programs to encourage both technological development in precision agriculture methods and intelligent
irrigation technology systems. A combination of these suggested measures builds sustainable agricultural systems that both
enhance water-use effectiveness and minimize environmental damage, besides boosting global farmer prosperity.

Summary of Key Findings

The findings from the study highlight several critical aspects of irrigation systems and their impact on water usage and agricultural
productivity. Scientists recognized drip irrigation systems with sprinkler irrigation systems as excellent tools for both improving
water conservation and increasing yield production. This water delivery system directs liquids precisely to plant roots, which
saves water from evaporating and escaping as runoff while it boosts product output. Surface irrigation remains widespread but
proves ineffective because it triggers both soil damage and excessive water loss.

The inefficient technique results in above-average irrigation, which causes the soil to become saltier and triggers the topsoil
to wash away, thus harming sustainable agricultural practices in the long run. The high costs of implementing modern irrigation
systems with low farmer understanding of sustainable practices create multiple barriers against their general usage in worldwide
agricultural operations. The barriers to effective adoption of efficient irrigation systems mainly affect developing nations that
have limited available resources.

Policy and Practical Recommendations

Agricultural organizations with governments, make smart irrigation technology promotion their priority by providing financial
support through subsidies, grants, and accessible loans. The incentives enable farmers, particularly those operating in watershort
areas, to implement water-saving irrigation approaches more easily. Farmer education programs created because these programs
help agricultural workers understand the advantages of long-term smart technology adoption that produces increased yield output
and keeps water resources intact. Government authorities at all levels intensify their water conservation policies to achieve better
agricultural water resource management.

The establishment of rules that promote sustainable water management alternatives combined with incentives for water
conservation practices and penalties against water waste. International collaboration about water management through formal
agreements enhance the development of successful worldwide water conservation strategies. Research and development of
affordable, sustainable irrigation technologies requires immediate fundamental investment. Public and private entities unite their
forces to create user-specific low-cost irrigation systems that serve the needs of smallholder farmers operating in developing
territories.

Future Research Directions

The advancement of sustainable irrigation techniques requires study in multiple vital research areas. It is performed sustained
investigations to determine whether implementing sustainable irrigation systems produces business benefits and financial rewards.
The work executes lengthy studies to analyse the financial outcome of contrasting irrigation approaches alongside water reserve
increase and plant output with irrigation system maintenance expenses and environmental damage metrics. Studies of extended
periods provide policymakers and farmers with economic information about acquiring water-efficient technologies. Irrigation
management benefits from its union of artificial intelligence systems with Internet of Things technology.

The implementation of Al and 10T systems to analyse water management efficiency and soil conditions better and provide
on-the-spot data options for making decisions. The analysis of irrigation systems in different countries with diverse combinations
of environments and technology usage allows researchers to evaluate their benefits and capabilities. This study focusses on
identifying model practices, understanding unique regional obstacles, and using this information to create specific remedies that
enhance worldwide irrigation performance. Future research focusing on the mentioned directions will produce innovations in
irrigation techniques and agricultural practices to support sustainable water usage in global agricultural operations.
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