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Abstract

Potato (Solanum tuberosum L.), as a shallow-rooted crop, is relatively sensitive to soil water
deficits; therefore, irrigation plays a crucial role in achieving economically viable production
and quality. However, due to the scarcity of water, which has become more precious and
less available due to climate change, it is essential to optimize irrigation management and
enhance water productivity. The present systematic review, drawing on the most relevant
scientific literature, discusses the current state of knowledge on irrigation management
and water productivity in potato crop production in semi-arid regions, particularly within
Mediterranean countries. Overall, the main findings indicate different possible solutions
for saving irrigation water and increasing water productivity by adopting a combination
of water-saving strategies, such as static or dynamic deficit irrigation, or partial root-zone
drying, and by using a suitable irrigation method like drip irrigation. In addition, the
importance of other agronomic factors, namely planting dates, soil texture, and fertilization
management, has also emerged, prompting scientists to pay greater attention to them in the
future, along with the selection or breeding of appropriate cultivars, which may represent
the long-term solution to the problem of water scarcity.
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1. Introduction
The potato (Solanum tuberosum L.) is the most important non-grain food crop in the

world, with an annual production of approximately 380 million tons [1]. It plays an impor-
tant role in global food security and human nutrition since it is a low-fat, carbohydrate-rich
food, and an important source of protein, starch, vitamins, minerals, and antioxidants [2].
The potato plant is characterized by versatility in terms of productivity across a wide range
of agro-ecological conditions [3].

1.1. Mediterranean Region

In Mediterranean countries, potatoes play an important role, occupying an overall
area of just less than one million ha and producing about 25 Mt of tubers [1]. The Mediter-
ranean region includes the countries that border the Mediterranean basin across Europe,
Africa, and Asia. Some of them are in Southern Europe (Spain, France, Monaco, Italy,
Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, Albania, and Greece), others in
North Africa (Morocco, Algeria, Tunisia, Libya, and Egypt), and others in Western Asia
(Turkey, Syria, Lebanon, and Israel) (Figure 1). The main potato-producing countries in the
Mediterranean region include Egypt (8 Mt year−1), which is also a major exporter to Europe
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and the Middle East, Turkey (7 Mt year−1), Algeria (around 4.5 Mt year−1), Morocco and
Spain (about 2 Mt year−1), and Italy (1.5 Mt year−1) [1]. The Mediterranean region is char-
acterized by mild, wet winters, hot and dry summers, and abundant sunlight—conditions
that are generally favorable for potato cultivation, especially when irrigation is available.
Unlike colder regions, Mediterranean climates allow multiple planting seasons: autumn
planting with winter harvest, winter planting with spring harvest, and early spring planting
with early summer harvest. This makes the region an important supplier of early-season
potatoes for Europe [4].

 

Figure 1. Map of the Mediterranean Sea and surrounding countries. Highlighted countries indicate
the focus of the present review. The figure was generated from Map Chart. Available at: https:
//www.mapchart.net/world.html (accessed on 10 December 2025).

1.2. Water Availability

Water availability is one of the major limiting factors in the production and quality
of potatoes, due to the crop’s high sensitivity to water deficit (essentially attributable to
its shallow root system) [4,5], which causes a reduction in the number and size of leaves,
delays tuber differentiation, slows subsequent growth, and has negative effects on tuber
yields and earliness [6,7]. It is therefore evident that when rainfall is unable to satisfy the
water needs of the crop, supplemental irrigation becomes essential to ensure stable crop
yields and to reduce inter-annual variability in production [8–10]. Unfortunately, water is
often used inefficiently, resulting in significant water losses, due to both over-irrigation
with excessive water inputs (up to 250–300 mm per crop season) that exceed the actual
requirements of the crop, and inefficient irrigation methods (such as furrow or macro-
sprinklers) [11]. At the same time, by analyzing water use data at a finer spatial scale, it is
possible to identify a critical situation in the Mediterranean region where water resources
have long been chronically scarce, while the population continues to grow, especially along
the southern Mediterranean shoreline. In Mediterranean countries over the last 20 years,
the number of irrigated farms has decreased by about 22%, while irrigated areas have
declined by approximately 9% [12]. Further reductions are expected in the future due to
urban expansion, which increasingly limits the availability of arable land, as well as climate
change [13]. A sectoral analysis of water use in the Mediterranean region shows that about
72% of the available water resources in the region are used for agricultural purposes, and
agriculture will continue to be the main water-consuming sector [13]. Considering the
specific case of Italy, the country uses about 42 km3 of water per year, distributed as follows:
8 km3 for civil use, 8 km3 for industry, 20 km3 for irrigation, and 6 km3 for energy. Out
of the 20 km3 used for irrigation nationwide, the South and the Islands, where potato
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cultivation is widespread—although they represent only 33% of Italy’s land area—use
about 95% of the irrigation water [14]. In this context—characterized by reduced water
availability and growing competition for water from other sectors—agriculture, which is
the largest consumer of freshwater in the Mediterranean region, is increasingly required to
reduce its water consumption. The sector faces the urgent need to adopt new approaches
to water resource management that ensure both efficient use and the long-term protection
and sustainability of water resources [15–17]. Climate change—characterized by a gradual
but persistent rise in temperatures—along with higher crop evapotranspiration demand, is
expected to increase water requirements in the Mediterranean region, further complicating
water management [18–20].

Given the decline in water resources and the rising costs of irrigation, there is growing
interest in improving water productivity in crop production [21,22]. The primary challenge
lies in identifying ways to reduce excessive irrigation inputs while maintaining or even
improving crop yields, thereby increasing water productivity [15]. Although there are many
papers and reviews on irrigation and water productivity in potato, a systematic review
focused on the Mediterranean region is still lacking among the most recent ones [23–25].
The present review synthesizes the most relevant scientific literature on irrigation manage-
ment and water productivity in potato production, with a focus on research conducted in
Mediterranean countries.

2. Methodology
To conduct this systematic review, the objectives were defined using the PICO (Popula-

tion, Intervention, Comparison, Outcome) framework [26], and the methodology followed
the guidelines described by Fohrafellner [27]. A bibliographic search was conducted in
accordance with the PRISMA guidelines (see Supplementary Materials) [28], focusing
on peer-reviewed literature retrieved from Scopus (Elsevier B.V., Radarweg 29, 1043 NX
Amsterdam, The Netherlands) and Web of Science Core Collection (Clarivate Plc, 70 St.
Mary Axe, London EC3A 8BE, UK), with additional records identified through Google
Scholar, manual searches, citation tracking, and gray literature sources. The detailed search
strings and applied filters, including language and geographic restrictions, are reported
in Tables 1 and 2.

Table 1. Search strings used in Scopus (Elsevier B.V.) and Web of Science Core Collection (WoS) databases.

Database Searching String

Scopus

(“potato” OR “potatoes” OR “Solanum tuberosum”)
AND (“irrigation” OR “deficit irrigation” OR “drip
irrigation”) AND (“water use efficiency” OR “WUE”
OR “water productivity” OR “water use” OR “water”)

WoS

(potato OR potatoes OR Solanum tuberosum) AND
(irrigation OR deficit irrigation OR drip irrigation)
AND (water use efficiency OR WUE OR water
productivity OR water use OR water)

The initial database search identified a total of 2251 records, including 2026 from
Scopus and 225 from Web of Science. Several filters were then applied to refine the dataset.
First, records were limited to articles, resulting in 1692 records in Scopus and 225 in Web
of Science. Subsequently, the results were restricted to English-language publications,
reducing the dataset to 1529 records in Scopus and 224 in Web of Science. A geographic
filter was then applied to focus on studies conducted in Mediterranean and semi-arid
regions; after this step, 256 records from Scopus and 205 records from Web of Science
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remained, resulting in 461 records. Duplicate records between the two databases were
subsequently identified and removed (n = 150), leaving 311 records for the screening phase.

Table 2. Filters applied to Scopus and Web of Science Core Collection databases during the search.

Filter Type Scopus (Elsevier B.V.) Web of Science Core Collection (Clarivate)

Language English English

Publication years 1995–2025 1995–2025

Document type Article Article

Geographic restriction

Country/Territory: Algeria, Bosnia and
Herzegovina, Croatia, Egypt, France, Greece,

Israel, Italy, Lebanon, Libya, Montenegro,
Morocco, Slovenia, Spain, Syria,

Tunisia, Turkey

Countries/Regions: Algeria, Bosnia and
Herzegovina, Croatia, Egypt, France, Greece,

Israel, Italy, Lebanon, Libya, Montenegro, Morocco,
Slovenia, Spain, Syria, Tunisia, Turkey

Other refinements Limited to peer-reviewed journals; excluded
books, conference proceedings, editorials

Limited to peer-reviewed journals; excluded books,
conference proceedings, editorials

The screening process followed a three-stage approach, as recommended by Fohrafell-
ner [27]. First, titles and abstracts were screened to determine their relevance to the
objectives of this review, focusing on studies related to potato cultivation, irrigation prac-
tices, and water use efficiency or water productivity. During this stage, 131 records were
excluded, primarily because they were not directly related to potato cultivation, irrigation
practices, or water productivity. The remaining 180 reports were sought for retrieval, and
all full texts were successfully retrieved and assessed for eligibility. During the full-text
assessment, 46 reports were excluded because they did not meet one or more of the eligibil-
ity criteria: 18 studies were excluded because they were not focused on potato cultivation
or lacked irrigation or water productivity data, 16 studies were excluded because they
were not conducted in Mediterranean countries, and 12 studies were excluded because
they were modeling studies or did not include original empirical research. In addition to
the database search, 21 additional records were identified from other sources, including
manual searches, citation tracking, and gray literature sources such as reports, books, and
online materials.

After the eligibility assessment, a total of 133 studies met the inclusion criteria and
were included in the systematic review. These consisted of 108 research articles, 8 re-
view papers, and 17 additional sources, including technical reports, datasets, and web
resources. The final dataset of included studies was then analyzed to identify the main
research themes related to irrigation strategies and water management in potato cultivation
within the Mediterranean region. Data extraction was performed using a standardized ap-
proach. The following information was collected: study location, experimental conditions,
irrigation treatments, water use variables, and main agronomic outcomes (i.e., crop evap-
otranspiration, tuber yield, water use efficiency, irrigation water productivity, and tuber
quality parameters). Additional variables included environmental conditions, irrigation
methods, deficit irrigation strategies, planting dates, fertilization practices, and cultivar
type. Data were extracted by the authors and cross-checked to ensure consistency and
accuracy. The studies were further categorized according to their primary focus, including
irrigation methods, factors affecting water productivity or water use efficiency, and crop
evapotranspiration (ETc). The detailed selection process is illustrated in the PRISMA 2020
flow diagram presented in Figure 2.

The present review summarizes the results of the included studies through different
sections, addressing (a) crop evapotranspiration (ETc), (b) production functions, (c) irriga-
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tion methods used, and (d) water use efficiency and water productivity with particular
emphasis on water-saving strategies.

Figure 2. PRISMA 2020 flow diagram showing the identification, screening, eligibility assessment, and
inclusion of studies in the systematic review on irrigation management and water productivity or wa-
ter use efficiency in potato cultivation within Mediterranean countries. Source: Page et al. 2021 [28].
Licensed under CC BY 4.0.

A formal risk of bias assessment using standardized tools (e.g., Cochrane RoB or
Newcastle-Ottawa Scale) was not conducted. These tools were originally developed for
clinical trials and are not well suited to the highly heterogeneous designs typical of agro-
nomic field experiments (lysimeter studies, multi-year open-field trials, greenhouse experi-
ments, and different irrigation methods). Moreover, the review includes a mixture of study
types (108 research articles, 8 review papers, and 17 gray literature sources), for which
no validated risk-of-bias instrument currently exists in agricultural sciences. Instead, the
reliability of the included studies was evaluated qualitatively, considering experimental
design, methodological clarity, number of replicates, consistency of results across years
and locations, and potential sources of bias such as non-randomized treatments or limited
replication. Potential reporting bias was also considered qualitatively. The inclusion of
diverse data sources, including gray literature, helped reduce the risk of selective reporting.

This review was not prospectively registered, and no formal protocol was prepared
prior to the conduct of the study.

Data extracted from primary studies used different terminology for water produc-
tivity metrics (e.g., water use efficiency—WUE, irrigation water productivity—IWP, crop
water productivity—CWP). These were harmonized where possible according to the def-
initions provided in Section 6 (CWP = yield/ETc; IWP = yield/applied irrigation water;
TWP = yield/total water supply). Heterogeneity among studies was explored narratively
by grouping findings according to irrigation strategy (static DI, dynamic DI, PRD, etc.),
climatic conditions, soil texture, irrigation method, planting date, fertilization level, and
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cultivar. No statistical meta-analysis was performed due to the large variability in experi-
mental conditions, measurement protocols, and reported variables.

3. Crop Evapotranspiration (ETc)
Crop evapotranspiration (ETc) represents the total amount of water used by a crop,

including water lost through plant transpiration, evaporation from the soil surface, and
a small portion retained in plant tissues. In fact, only about 1% of the water absorbed
by plants is used for metabolic processes. Therefore, ETc effectively reflects the overall
water consumption of a crop and is a fundamental parameter for estimating the water
requirements during the growing season at a specific location. Potato water use is influ-
enced by several factors, such as local climatic conditions, irrigation practices, and other
environmental and management variables (Table 3). For potato crops, which generally
have a phenological cycle of 120–150 days, seasonal water requirements range from 350 to
625 mm, depending on climatic conditions [29]. In the Central Bekaa Valley of Lebanon,
the seasonal irrigation requirement for potatoes was approximately 530 mm [30]. Under
semiarid conditions in Turkey, ETc values ranged from 445 to 683 mm [31], while in Cyprus,
potato water use was around 290 mm [32]. ETc values generally increase with greater
water availability. For example, in the hot and dry climate of Spain, ETc ranged from
172 mm for rainfed potatoes to 436 mm for fully irrigated crops [33]. Similarly, in cool
semiarid environments, ETc values were about 195 mm for unirrigated crops and 445 mm
for well-irrigated crops [34]. In Southern Italy, reported ETc values were 162 mm for the
unirrigated control, 296 mm under 50% ETc irrigation, and 429 mm under full (100% ETc)
irrigation [35]. Similarly, under Turkish climatic conditions, four irrigation regimes (0%,
33%, 66%, and 100% full irrigation) were evaluated, and the seasonal irrigation amounts
were reported to range from 102 to 302 mm in the first season and 88 to 268 mm in the
second [36]. The cumulative Penman potential evapotranspiration (Etp) at the end of the
season reached around 400 mm, and the total depth of water applied between planting and
harvest through irrigation (I) and rainfall (P) varied from 68 mm in rain-fed treatments to
670 mm in the wettest treatment [37]. In Southern Italy, under Mediterranean conditions,
potato seasonal irrigation amounts of 330 mm and 237 mm were recorded in two consec-
utive years under full irrigation treatment [38]. In Turkey’s semiarid climate, seasonal
potato actual evapotranspiration (ETa) ranged from 445 to 683 mm. When subjected to full
irrigation and reduced irrigation levels of 66%, 33%, and 0%, ETa varied from 226 to 473 mm
and 166 to 392 mm, respectively [31]. In Turkey, it was found that water consumption
ranged from 190 to 754 mm, with water applied as 1.00, 0.75, 0.50, 0.25, and 0.00% (as
control) of evaporation from a Class A Pan, corresponding to a 2-day irrigation frequency
by drip irrigation under unheated greenhouse conditions [39].

ETc is influenced by the stage of crop growth; as crop cover increases, ETc rises and
reaches its peak just before the crop achieves effective full cover, primarily due to the
expansion of leaf area and increased transpiration. ETc varied from about 120 mm to
around 280 mm, corresponding to a daily mean value at the maximum stage of growth
(55 days after planting) from about 1.3 mm to around 5.6 mm for fully irrigated crops [37].
Additionally, ETc varies according to soil characteristics. Potato seasonal evapotranspiration
was 413.2 ± 15 mm in a loam soil and 362.1 ± 16 mm in clay soil in Valenzano, Italy [40].
Water requirements also varied with the potato crop cycle. In southern Italy, potato crops
were grown in three different crop cycles: a spring-summer cycle on high hilly ground
or in the mountains, a winter–spring cycle, and a summer–autumn cycle for early potato
production in coastal areas. Irrigation water requirements were found to range from about
300 m3 ha−1 to about 2200 m3 ha−1 [41].
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Table 3. Crop water use as affected by local climate, irrigation regimes, and management conditions.

Crop Water Use [ETc (mm)] Cause Country References

288.9 Climate Cyprus [32]
530.0 Climate Lebanon [30]

445–683 Climate Turkey [31]
172–436 Irrigation supplying from 0% to 100% ETc Spain [33]
195–445 Irrigation supplying from 0% to 100% ETc Turkey [34]

162–296–429 Irrigation supplying 0–50–100% ETc Italy [35]
102–302 Irrigation supplying 0–100% ETc (1st year) Turkey [36]
88–268 Irrigation supplying 0–100% ETc (2nd year) Turkey [36]

165–330 Irrigation supplying 50–100% ETc (1st year) Italy [38]
118.5–237 Irrigation supplying 50–100% ETc (2nd year) Italy [38]
226–473 Irrigation supplying 0–100% ETc (1st year) Turkey [31]
166–392 Irrigation supplying 0–100% ETc (2nd year) Turkey [31]
190–754 Irrigation supplying 0–100% ETc Turkey [39]
362–413 Clay soil–loam soil Italy [40]

4. Water Production Functions
High tuber yields are strongly dependent on an adequate soil water supply. This

relationship is demonstrated by the strong correlation between rainfall and yield, which
also explains why variations in water availability are a major factor contributing to year-to-
year fluctuations in crop yield.

4.1. Linear Relationships

Linear relationships were developed between potato yield and seasonal evapotranspi-
ration with different regression slopes and intercepts under different environments [42–44].
Studies conducted in semi-arid regions have shown that potato yield responds linearly
to applied water where irrigation plus rainfall is less than or equal to evapotranspiration
(ETc). The yield response to rainfall combined with irrigation represents the simplest crop
yield/water production function. During the potato tuber ripening stage, the irrigation
management has the greatest impact, as demonstrated by the significant coefficient of the
applied irrigation amount during ripening (w3) within the linear production function [45].
In Turkey, a strong linear relationship between potato yield and crop evapotranspiration
was reported, with an R2 value of 0.94 [34]. A linear relationship between potato tuber
yield and seasonal water supply has been reported, with a high R2 value of 0.973 and a
regression slope indicating a yield increase of 92 kg ha−1 for each millimeter of applied
water [46]. Likewise, another study identified a similar linear relationship, with an R2

value of 0.674 and a regression slope of approximately 84 kg ha−1 per millimeter of applied
water [47]. Similar relationships have been reported by other authors [48,49]. In addition,
differences in regression slopes were reported between sprinkler and trickle irrigation sys-
tems, with higher water productivity under sprinkler irrigation than under trickle irrigation
in Turkey [50].

4.2. Polynomial Relationships

Moreover, it was found that a second-order polynomial regression model best fits the
relation between the total water use (irrigation + rainfall) and the resulting crop yield [51].
A marked quadratic relationship was found between tuber yield and the seasonal applied
irrigation water by several authors [30,43,44]. The relationship between the total tuber fresh
weight and total water use displayed a linear function (R2 = 0.66) [37]. A cubic polynomial
relationship between potato yield and the seasonal amount of applied irrigation water
has also been reported [52]. Overall, such relationships may vary considerably in terms
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of linear regression slopes, intercepts, constants in polynomial equations, and coefficients
of determination. These differences are influenced by factors such as crop management
practices, irrigation methods and scheduling, potato genotypes, soil characteristics, climatic
conditions, and other environmental and agronomic factors [53].

5. Irrigation Methods
Various irrigation methods, including furrow, sprinkler, surface drip, and subsurface

drip irrigation, are employed in potato crops. The effectiveness of these methods varies
with local climate and soil conditions, often leading to contrasting outcomes across different
studies. Each irrigation technique has its own advantages and disadvantages that affect its
effectiveness, largely depending on how efficiently water is delivered to the root zone for
plant uptake. Moreover, the irrigation method can also influence fertilizer absorption [54].

5.1. Furrow Irrigation

One of the most widely used irrigation methods worldwide is furrow irrigation, in
which crops are planted on ridges between furrows and water is conveyed through the
furrows, reaching the roots through vertical and lateral infiltration. Furrow irrigation
is simple and inexpensive as it requires no material purchases; however, it demands
significant labor, poses challenges in accurately measuring water quantities, leads to uneven
water distribution along furrows, and has relatively low efficiency (approximately 60%, or
even less in highly permeable soils). Research on the effects of furrow length (10, 25, and
40 m) and flow rate (0.4, 0.6, and 0.8 L s−1) found that potato crop yields decreased with
increasing furrow length but improved with higher flow rates [55].

5.2. Sprinkler Irrigation

Another widely used irrigation method for potato cultivation is sprinkler irrigation,
which can save approximately 40% of water compared with furrow irrigation. In this
system, water is applied in the form of artificial rainfall through sprinklers connected to
pressurized pipelines powered by motor–pump units. Sprinkler systems can be classified as
mobile, semi-permanent, or permanent. Giant self-propelled sprinklers must be used with
caution because their high rainfall intensity may result in uneven water distribution, soil
erosion, and the exposure of tubers, which can cause them to turn green [56]. Similarly, rain-
wing systems require careful management to prevent soil degradation, water stagnation,
and damage to the plant’s aerial parts. Low-intensity irrigation using mini-sprinklers
is generally preferable, as these devices apply water more gently over the crop canopy.
Their light jets produce minimal soil impact due to the low spray trajectory and close
spacing (7–15 m). Mini sprinklers are particularly suitable for windy areas, such as coastal
regions, where they can achieve distribution uniformity above 70%, even on uneven terrain,
thanks to flow regulation mechanisms. The efficiency of the sprinkler irrigation method is
moderate (0.70) but can be increased to 0.75–0.80 when using micro sprinklers. Additionally,
sprinkler irrigation resulted in better visual quality and a significantly lower incidence of
sugar ends [57]. However, sprinkler irrigation can also favor the development of oospores
of Phytophthora infestans [58].

5.3. Drip Irrigation

In contrast, in arid and semi-arid regions with limited rainfall, drip irrigation is
increasingly adopted in potato cultivation due to its high efficiency (0.85–0.90). This system
delivers water directly to the soil through emitters or drippers connected to a network
of small-diameter plastic pipes, applying water at low rates (2–20 L h−1) [59]. Drip lines
can be installed on the soil surface in surface drip irrigation (SDI) or buried below the soil
in subsurface drip irrigation (SSDI). Surface drip irrigation directs water downward by
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gravity, while subsurface drip irrigation moves water upward through capillarity, achieving
the highest efficiency (0.90–1.0). Drip irrigation is suitable for all soil types, particularly
light or shallow soils with low water-holding capacity, and is ideal when water supplies
are limited or brackish. Additionally, drip systems allow for fertigation—the injection of
soluble fertilizers into the irrigation water—offering an effective approach to manage water
and nutrient use efficiently [60]. Furthermore, a comparison of surface and subsurface drip
irrigation across four irrigation regimes showed that the choice of irrigation method did not
significantly affect tuber yield [36]. Similarly, a study in Southern Italy evaluated furrow
and drip irrigation supplying 0, 33, 66, 100, and 133% of the maximum evapotranspiration
(ETm) and found no significant differences in tuber yield between the two irrigation
methods [8]. Two field experiments in two successive summer seasons at the experimental
farm of the National Research Centre were conducted in El-Nubaria, Egypt, to investigate
the effects of two drip irrigation systems, namely SDI and SSDI, on potato [61]. The results
showed that SSDI proved superior to SDI for all vegetative and yield growth characteristics,
as well as irrigation water productivity (IWP). However, in many regions worldwide,
the high initial investment costs make drip irrigation systems economically challenging
for potato farmers. Additionally, retrieving polyethylene pipes after use adds labor and
expense. The system’s vulnerability to damage by rodents further increases field repair
costs, making it less accessible for farmers with limited financial resources [41].

6. Water Productivity
This section distinguishes between Crop Water Productivity (CWP), Irrigation Water

Productivity (IWP), and Total Water Productivity (TWP) as essential metrics for evalu-
ating agricultural efficiency at different scales. CWP serves as a measure of biological
efficiency, quantifying yield relative to evapotranspiration (ET), and is influenced primar-
ily by crop type and environmental conditions. In contrast, IWP focuses on field-level
management, demonstrating that yield per unit of applied irrigation can be optimized
through technologies like drip systems and deficit irrigation strategies. TWP provides the
most comprehensive view for basin-scale sustainability by accounting for both rainfall
and irrigation, though it remains highly sensitive to factors such as water salinity. Ulti-
mately, optimizing these metrics requires a strategic balance between yield goals and water
conservation, with the choice of metric determined by whether the objective is field-level
performance, system-wide planning, or biological assessment.

6.1. Water Productivity and Climate

Potatoes have been reported to have high Crop Water Productivity (CWP) among the
major food crops [62–64]. Water productivity (WP) has been reported to range between
12 and 25 kg m−3 in temperate climates [65,66], 10–13 kg m−3 in sub-humid climates [67],
and 9–13 kg m−3 in hot and dry environments [68,69]. In Mediterranean countries, average
CWP values of around 11 kg m−3 were observed in Southern Italy, comparable to those
reported in Portugal [51] (WUE in original study), and higher than the approximately
8.5 kg m−3 reported in Turkey [36] (WUE in original study). CWP can, however, be modi-
fied or optimized by implementing water-saving strategies, selecting appropriate irrigation
methods, adopting improved agronomic practices, and choosing suitable cultivars.

6.2. Water Productivity and Water-Saving Strategies

To save water resources without causing severe yield reductions, and consequently
improve irrigation water productivity (IWP), some water-saving irrigation strategies have
been studied in potato crop cultivation. The main successful water-saving strategies studied
in potato crops are summarized in Figure 3.
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Figure 3. Main water saving strategies studied in potato crops.

One of the most studied water-saving strategies in potato crops is Deficit Irrigation
(DI) [70]. In DI, the crop can be under-irrigated throughout the whole growing season (Static
Deficit irrigation—SDI) or only at a particular growth stage (Dynamic Deficit Irrigation—
DDI) [71,72].

6.2.1. Static Deficit Irrigation

In SDI, water deficit is applied over the full growing cycle, and the crop receives
slightly less irrigation water amounts than the crop’s actual evapotranspiration. In field
experiments conducted in Sicily (Southern Italy) [8], the effects of 0, 33, 66, and 100% ETm
supply were studied, and no significant yield differences were reported between 100 and
66% of ETm on potato tuber yield, with a consequent increase in IWP in the irrigation
regime involving 66% ETm. In other field experiments conducted in Sicily (Southern
Italy) [35], two potato cultivars were examined under varying planting dates and irrigation
regimes (50% and 100% ETm). Plants subjected to moderate water deficit (50% ETm)
exhibited increased diffusive leaf resistance, reduced photosynthetic rate, inhibited tuber
growth, and ultimately diminished tuber yield compared to well-watered controls, but with
a clear increase in IWP. Recent advancements, such as utilizing spectral information tools,
have enhanced the ability to assess physiological responses to water stress in potatoes [73].
In other research conducted in the same environment, reducing irrigation from 100% to 50%
ETm resulted in approximately 55% increase in IWP [74], and supplying 50% ETc, compared
with 100% ETc, significantly increased IWP by 71% or 77% (WUE in original study) when
tubers were harvested at early or final stages, respectively [11], achieving a save of about
380 m3 ha−1 of irrigation water for early harvests and 600 m3 ha−1 for final harvests. In a
subsequent study, an increase in IWP was observed under 50% ETc, compared with 100%
ETc [38]. In Spain [51], the effects of four irrigation treatments namely 60, 80, 100, and 120%
of potato crop water requirement (CWR) were studied during a two-year experiment: the
IWP ranged from 8.6 to 11.6 kg m−3 in the first year and 7.1 to 8.4 kg m−3 in the second
year (WUE in original study). A study also examined the effects of injecting hydrogen
peroxide (oxygenation) at concentrations of 0, 300, and 600 ppm through subsurface
irrigation combined to with different irrigation regimes in heavy clay soils and it was
found that oxygenating the irrigation water significantly enhanced vegetative growth and
productivity, particularly when 600 ppm hydrogen peroxide was combined with deficit
irrigation, achieving also the highest IWP [75].

Two successive summer field experiments at the National Research Centre farm in
El-Nubaria, El-Behira, Egypt, investigated four irrigation levels (120, 100, 80, and 60%
ETc) on three potato varieties (Spunta, Hermes, and Cara). Results revealed that IWP
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significantly increased with decreasing irrigation level up to 80% ETc, while the lowest
values were obtained by 60% ETc treatment in the two studied seasons [61]. In a field
trial conducted in Tunisia, it was observed that reducing irrigation resulted in an average
tuber yield decrease of about 21% for 40% deficit irrigation and of about 47% for 70%
deficit irrigation over a two-year study, indicating that potatoes are not highly sensitive to
moderate water stress [76]. Furthermore, statistically similar tuber yields were observed
under 40% DI and full irrigation, whereas this parameter was significantly lower under 70%
DI [77]. The highest irrigation water use efficiency (IWUE) and total water use efficiency
(TWUE) (original study terms for IWP and TWP, respectively) were observed at 70% deficit
irrigation (DI), with values of 19.28 kg m−3 and 13.56 kg m−3, respectively, during the
spring season, and 14.83 kg m−3 and 8.24 kg m−3, respectively, in the autumn season.
In a study conducted in Turkey [36], IWP ranged from 9.33 to 36.44 kg ha−1 m−3 (WUE
in original study). The maximum IWP was achieved under a treatment supplying 33%
of maximum evapotranspiration. Total water productivity (TWP) ranged from 6.17 to
14.01 kg ha−1 m−3. Another Turkish study under unheated greenhouse conditions [39]
applied water at 1.00, 0.75, 0.50, 0.25, and 0.00% (control) of evaporation from a Class A pan,
using a 2-day irrigation frequency. The highest values for WUE and IWUE (original study
terms for CWP and IWP, respectively) were found to be 4.84 and 4.29 kg m−3 for the 0.75%
treatment. In another 2-year experiment in Turkey, the impact of different drip irrigation
treatments (100%, 66%, and 33% of field capacity) on potato yield, quality and WUE was
also investigated [78]. Full irrigation produced the highest total tuber yield, whereas the
66% field capacity irrigation treatment had the highest IWP in both years. Overall, studies
in Mediterranean countries show that applying Static Deficit Irrigation (SDI), where crops
receive slightly less water than actual evapotranspiration (50–80% ETc), can significantly
reduce irrigation water use while maintaining acceptable yields and improving IWP.

The finding that static deficit irrigation at 50–80% of ETc consistently improves ir-
rigation water productivity (IWP) while limiting yield penalty is supported by at least
12 independent field studies conducted in Italy (Sicily), Spain, Turkey, Tunisia, and Egypt.
These studies involved different cultivars, soil types, and climatic conditions over multiple
seasons, showing highly consistent directional trends. Confidence in this conclusion is
therefore considered moderate to high for Mediterranean semi-arid environments.

6.2.2. Dynamic Deficit Irrigation

Another way of reducing water applications is Dynamic Deficit Irrigation (DDI),
which involves limiting the applications of irrigation water to the drought-sensitive growth
stages (critical stages) of the crop, while water deficit is applied during growth stages
less sensitive to water scarcity. Overall, the critical stage in potatoes is recognized to be
tuber bulking, while less sensitive growth stages are both early vegetative growth and
late tuber bulking [79,80]. Results from multiple experiments in Mediterranean countries
indicate that the impact of water deficit on potato tuber yield depends on both the amount
of water supplied and the growth stage at which the deficit occurs (vegetative growth,
tuber initiation, bulking, or ripening). While yield losses may be relatively small, significant
irrigation water savings can be achieved. For example, in a semi-arid region of Albacete,
Spain, the effects of deficit irrigation were evaluated at three crop stages: vegetative growth,
tuber bulking, and ripening [55]. Although potato yield declined under deficit irrigation
at each stage, a significant increase in irrigation water productivity (IWP) was observed.
However, larger tubers were produced under full irrigation and when deficit irrigation
was applied during the ripening stage. The smallest tubers were observed when deficit
irrigation was applied during the growth period, although this resulted in a higher number
of tubers per plant.
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A lysimeter experiment was performed in Italy [81] to test three irrigation regimes:
40%, 60%, and 80% of ET; water was withheld for 80 mm based on ET at three critical
growth stages: tuber initiation, early tuber growth, and late tuber growth; a fully irrigated
control treatment was included for comparison. Withholding water during tuberization
significantly hindered plant physiological processes and resulted in reduced tuber yield.
IWP remained relatively constant across treatments, indicating that while less water was
applied, the efficiency with which the plants used the available water was consistent.

In Southern Italy [82], the effects of water deficit during the first part of tuber growth
(from tuber initiation to 50% tuber growth) or the second part (from 50% tuber growth to
the end of tuber growth) were explored, while ensuring that 100% of ETm was supplied
during the opposite growth phase. Studies have shown that applying irrigation up to ap-
proximately 50% of tuber growth, rather than from mid-growth to harvest, is more effective
for maximizing production. Compared with full-season irrigation, this approach results in
only a slight reduction in tuber yield (around 10%) while saving roughly 900 m3 ha−1 of
water per irrigation season.

The same authors, in the same environment and in a field experiment, sequentially
analyzed different levels of water supply in the second part of tuber growth, in addition
to 0% ETm, 50%, and 75% ETm [83]. In a comparison with fully irrigated controls, ap-
plying 100% of ETm from tuber initiation up to 50% of tuber growth and 50% of ETm
from mid-growth to harvest resulted in similar tuber yields while increasing from 14.9 to
21.1 kg FW m−3 and saving approximately 820 m3 ha−1 of irrigation water. A study in the
Central Bekaa Valley of Lebanon examined the effects of severe water deficits (0% ETm)
applied during two critical growth stages—tuber bulking (75 days after planting) and tuber
ripening (90 days after planting)—over two years [30]. Marketable yield declined by 12%
when the deficit occurred during tuber bulking and by 42% when imposed during tuber
ripening. Under limited water conditions, the irrigation level that maximized net income
per unit of water (Ww) enabled water savings of 10–15% of the total applied. These results
underline the sensitivity of potatoes to water stress at critical growth stages, particularly
during tuber ripening, where the impact on yield is much more pronounced. Overall,
in Dynamic Deficit Irrigation, it has been observed that the water supply in the critical
stage for potato crop (tuber bulking) cannot be less than 50% of the ETc, without incurring
considerable yield reductions.

Results on dynamic (stage-specific) deficit irrigation are based on 10 studies, mainly
from Italy, Spain, Lebanon, and Turkey. While yield responses varied depending on the
exact growth stage affected (tuber initiation vs. bulking vs. ripening), the directional finding
that water deficit should not fall below 50% ETc during tuber bulking to avoid substantial
yield losses is consistent across experiments. Evidence strength is rated moderate.

6.2.3. Partial Root-Zone Drying

Another water-saving irrigation strategy, namely partial root-zone drying (PRD), has
been developed in the last twenty years. This technique consists of watering, at alternating
periods, only half of the root zone, while the other half remains dry (Figure 4). The frequency
of changing irrigation from one-half to the other depends on the soil water balance and
the growth phase of the crop. The first studies on the effects of PRD in potatoes for saving
irrigation water were conducted in the United Kingdom [84,85] and in Denmark [86–89].

In a 2007 field experiment conducted over two years, the effects of FI and PRD with
70% of FI water application were assessed for yield, tuber size, and IWP of potatoes [65].
PRD saved 30% of irrigation water and achieved a 61% increase in irrigation water pro-
ductivity (IWP), while maintaining overall tuber yield and improving marketable tuber
size. Results on root distribution [90] revealed that potatoes irrigated with water-saving
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irrigation techniques (PRD and DI) did not show statistically significant differences in dry
root mass and root length density compared with root development in fully irrigated (FI)
potatoes. Results on gas exchange [91] revealed that the transpiration efficiency of PRD
was higher than that of DI, indicating slightly better water use with PRD. This improve-
ment was attributed to the modulation of stomatal morphology under PRD, resulting in
smaller stomata and lower stomatal density compared to DI. These changes effectively
reduced transpiration rates and conserved water [92]. Furthermore, PRD-treated plants
exhibited smaller and denser stomata compared to both FI and DI treatments. This stomatal
adaptation likely optimized leaf gas exchange, contributing to enhanced IWP [93].

Figure 4. Root system moisture profiles as a function of irrigation type: conventional (A). Deficit
Irrigation (B). Partial Root-zone Drying (C).

Other authors found that both DI50 and PRD50 treatments significantly reduced water
loss by lowering stomatal conductance and transpiration rates. The PRD50 treatment
showed an increase in ABA levels, which may help the plant better manage water stress
by further reducing transpiration. The water-stressed conditions due to PRD and DI also
resulted in increased chlorophyll concentrations and, consequently, a reduced senescence
rate, although this was associated with a reduced tuber yield under greenhouse conditions
with increased water stress [94,95].

In another field experiment carried out in Northern Italy [96], the PRD irrigation
strategy was compared with RDI, and it was found that PRD increased total and first-class
tuber yield by about 5% compared to RDI, with a higher tuber weight (+14.9 g); however,
IWP was similar between irrigation treatments. In two field experiments conducted on a
farm in Egypt, the effects of partial root-zone drying (PRD) and deficit irrigation (DI) at
100%, 75%, and 50% of ETc were evaluated. The results showed no significant differences in
yield and water productivity (WP) between full irrigation at 100% ETc and PRD, with the
ranking of treatments as follows: FI + 100% ETc > PRD > FI + 75% ETc > FI + 50% ETc [97].
A two-year study in Egypt further examined various irrigation strategies. In the first year,
treatments included full irrigation at 100% ET (V100), a 50% reduction until the end of tuber
initiation (V50–100), a 50% reduction from mid-tuber bulking to maturity (V100–50), and no
irrigation after plant establishment (V0). In the second year, the study expanded to include
deficit irrigation at 50% ET for the entire season (DI50) and PRD at 75% or 50% ET for the
whole season (PRD75 and PRD50). The results indicated that deficit irrigation improved
WP, particularly under the V100–50 treatment, suggesting that water use efficiency is more
closely influenced by the crop’s growth stage than by the soil’s overall water availability. In
the second year, despite receiving the same amount of water, yield reductions were more
pronounced with DI50 (41%) compared to PRD50 (28%), demonstrating the superiority
of PRD50 in maintaining yield and increasing IWP. These findings suggest that PRD,
particularly when combined with subsurface irrigation, enhances water efficiency and is
a promising strategy for water conservation in potato cultivation under arid conditions.
Overall, PRD showed a yield penalty similar to that caused by both Static and Dynamic
Deficit Irrigation when deficit levels close to 50% Etc were utilized.
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PRD effects on potato are documented in fewer Mediterranean studies (approximately
6–7 field and greenhouse experiments in Italy, Egypt, and Tunisia) compared with deficit
irrigation. Nevertheless, the observed similar or slightly better IWP compared with con-
ventional deficit irrigation at equivalent water volumes is consistent, particularly when
combined with subsurface drip irrigation. Evidence is promising but still moderate due to
the lower number of independent studies.

6.2.4. Alternate Furrow Irrigation

From the PRD technique, the alternate furrow irrigation (AFI) was developed, where
the irrigation applied through the furrow method is alternated between the furrows. AFI
is a simple, easy-to-operate, efficient, and low-cost technology that can drastically reduce
the amount of water used. In Tunisia, a comparison of alternate furrow irrigation, fixed
furrow irrigation, and conventional furrow irrigation revealed that average irrigation
amounts were 65 mm, 60 mm, and 91 mm, respectively, with WP values of 8.0 kg m−3

(alternate), 8.7 kg m−3 (fixed), and 5.9 kg m−3 (conventional) [98]. Importantly, alternate
furrow irrigation achieved these gains with no reduction in yield compared to conventional
methods. These results highlight the potential of alternate furrow irrigation to conserve
water and enhance IWP without compromising yield.

Alternate furrow irrigation results are supported by a limited number of studies
(mainly from Tunisia), yet they show clear and consistent water savings and improved
water productivity without yield reduction compared with conventional furrow irrigation.
Further confirmation across more countries would strengthen this evidence.

6.3. Water Productivity and Tuber Quality

In addition to tuber yield, the main nutritional characteristics were also influenced
by water-saving strategies in Mediterranean countries (Table 4). Tubers’ specific gravity,
which is one of the characteristics determining harvest quality and is used by the potato
industry for storability, fry quality, and baking characteristics, in general, tends to increase
in deficit irrigated potatoes both in SDI [78,94,99,100] and DDI [101]. A reduction in
tuber-specific gravity associated with late-season irrigation was reported by Silva [102].
However, paradoxically, season-long uniform stress does not have the same negative effect
on potato tubers.

Dry matter content, which is the percentage of solids in a potato, is closely related to
specific gravity, and it has also been found to increase in SDI and DDI trials conducted in
Mediterranean countries [11,30,78,100,101,103].

Starch content, another important nutritional trait, also increases under all water
saving strategies studied [78,96,100,101,103,104] similarly to dry matter, which is expected
because starch represents about 70% of tuber dry. With regard to sugar content, it should
be noted that different studies [96,100,103,105] on the effects of water stress and water
saving strategies (both static and dynamic deficit irrigation) on sugar content have led
to contrasting results, suggesting that the impact of irrigation water management on the
potato sugar content might be genotype-dependent [106], as has also been noted in a
specific review [107].

Effects of water-saving strategies on tuber quality traits (specific gravity, dry matter,
starch) are supported by more than 15 studies across Italy, Turkey, Lebanon, Egypt, and
Morocco, with highly consistent increases in dry matter and starch content under moderate
deficit. Effects on sugar and protein content are more variable and appear partly genotype-
dependent. Overall evidence for improved processing quality under controlled deficit is
considered moderate to strong.
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Table 4. Potato tuber nutritional traits as affected by irrigation water saving strategies in Mediter-
ranean countries.

Parameter Water Strategy Trend Country References

Specific Gravity SDI Increase Turkey [78]
Specific Gravity SDI Increase Italy [99]
Specific Gravity DDI Increase Turkey [101]

Dry Matter SDI Increase Turkey [78]
Dry Matter SDI Increase Italy [11]
Dry Matter SDI No Effects Italy [108]
Dry Matter DDI Increase Italy [103]
Dry Matter DDI Increase Italy [100]
Dry Matter DDI Increase Lebanon [30]
Dry Matter DDI Increase Turkey [101]
Dry Matter SDI Increase Turkey [78]

Starch SDI Increase Egypt [104]
Starch DDI Increase Italy [103]
Starch DDI Increase Italy [100]
Starch DDI Increase Turkey [101]
Starch PRD vs. DDI Increase Italy [96]

Carbohydrate SDI No Effects Italy [108]
Sugar PRD vs. SDI Decrease Morocco [105]
Sugar DDI No Effects Italy [100]
Sugar DDI Increase Italy [103]

Reducing Sugars PRD vs. DDI Decrease Italy [96]
Protein DDI Decrease Italy [103]
Protein DDI Decrease Italy [100]
Protein DDI Decrease Turkey [101]
Protein PRD vs. SDI Decrease Morocco [105]

Ash DDI Decrease Italy [103]
Ash DDI Decrease Italy [100]

Metabolite PRD vs. SDI Increase Morocco [105]

In another field experiment carried out in Northern Italy [96], the PRD irrigation strat-
egy was compared with RDI and it was found that PRD produced significantly more starch
and fewer reducing sugars than RDI in dry years, but this effect was not observed in the
rainy year. In two field experiments on a farm in Egypt, the results on the effect of PRD and
DI (100% ETc, 75% ETc and 50% ETc) techniques with furrow irrigation indicated that there
were no significant differences in quality traits between 100% ETc and PRD, with the rank-
ing of treatments being FI + 100% ETc > PRD > FI + 75% ETc > FI + 50% ETc [97]. Studying
the impact of two sowing dates and two irrigation levels (50% and 100% crop ET recovery)
during early cultivation in Sicily, it was found [108] that dry matter and carbohydrate
contents were minimally affected by the irrigation regime in the season studied, proba-
bly due to rainfall events. Regarding proteins and ashes, studies indicate that applying
water-saving strategies such as DDI and PRD leads to decreases [100,101,103,105]; this can
be explained by the fact that frequent irrigation creates a humid soil environment, which
improves nutrient (specifically nitrogen) solubility and availability, enhancing mineral up-
take by the plant. In addition, higher metabolite content in potato tubers under PRD than
under DI was observed, with smaller decreases in glucose and fructose concentrations and
approximately twice the amount of mannitol [105]. Moreover, diverse polyphenolic profiles
were correlated with variations in gene expression, which were highly genotype-specific
and influenced by drought-induced changes [109].

Considering the numerous results on potato crops, water-saving strategies represent
an important opportunity to improve irrigation water productivity (IWP) while main-
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taining acceptable yields. A controlled reduction in water supply induces a decrease in
leaf water potential and stimulates stomatal regulation mediated by abscisic acid (ABA),
resulting in reduced transpiration and photosynthesis [86,91]. This physiological response
limits vegetative growth, particularly leaf expansion and leaf area index, thereby reducing
the crop’s evaporative demand [85]. At the same time, moderate water stress can alter
the distribution of assimilates, favoring their allocation to reserve organs (i.e., tubers) [11].
However, potatoes are particularly sensitive to water shortages during tuber initiation and
growth, as water restriction can reduce cell division and expansion in tubers, negatively
affecting both number and final weight [83]. Nevertheless, moderate water deficit condi-
tions may result in increased dry matter and starch content in tubers, attributable to an
increase in cell solute concentration (osmotic adjustment) to maintain cellular turgor under
conditions of water deficit [35]. Lastly, controlled deficit irrigation can represent an effective
compromise between water savings, yield maintenance, and improved product quality.

6.4. Water Productivity and Irrigation Methods

Selecting an appropriate irrigation method is also essential for optimizing water
productivity (WP), as different methods vary in field application efficiency—that is, the
proportion of water that reaches the soil zones where plant roots can absorb it. The effect
of furrow length (10, 25, and 40 m), and flow rate (0.4, 0.6, and 0.8 L s−1) on irrigation
performance, crop yield and water use was studied, showing a decreasing trend in WP
as furrow length increased and an increasing trend as flow rate increased [55]. In Saudi
Arabia, the effects of two techniques (dual-lateral drip, intermittent flow) that change the
wetting pattern of subsurface drip irrigation on WP were studied and WP increased in
response to dual-lateral drip (up to 30%) and intermittent flow (~14%) [110]. In Turkey, a
comparison of surface and subsurface drip irrigation combined with four irrigation regimes
(0, 33, 66, and 100% of full irrigation) showed no significant differences in tuber yield
between the irrigation methods; however, surface drip irrigation achieved the highest IWP
and is recommended for potato production under Mediterranean conditions [36]. Similarly,
when comparing furrow and drip irrigation, no differences were observed in potato yield
or yield components, but IWP increased from 5.13 to 7.38 kg m−3 for furrow-irrigated
treatments and from 6.907 to 10.257 kg m−3 (original study term for WUE) for drip-irrigated
treatments [111]. No significant differences in tuber yield were observed between gun
irrigation and drip fertigation in a three-year field experiment; WP was similar between
treatments, except in one year, where drip fertigation had significantly greater WP than
gun irrigation [112]. In another field experiment, the highest total tuber yield was achieved
under sub-irrigation with drain tiles, followed by sub-surface drip irrigation, sprinkler
irrigation, and seepage irrigation [113]. The authors attributed the superior tuber yields
under sub-irrigation to its efficient and rapid soil water drainage capacity. The study also
found that sub-irrigation produced the highest yields of misshapen, decayed, internally
heat-necrotic, and brown-centered tubers, while growth-cracked and green tubers were
highest under seepage irrigation, likely due to runoff from slow water drainage. These
findings underscore the influence of irrigation methods and water management on tuber
quality and crop outcomes.

Comparisons of irrigation methods (drip vs. furrow vs. sprinkler) are based on
approximately 10–12 studies, predominantly from Turkey, Italy, Egypt, and Tunisia. Drip
irrigation (especially surface drip) repeatedly showed higher IWP than furrow irrigation
with similar or higher yields. Consistency across studies supports moderate confidence in
recommending drip systems under water-scarce Mediterranean conditions.
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6.5. Water Use Efficiency and Other Agronomical Aspects

Other agronomic aspects, such as planting date, fertilization management, and cul-
tivar choice, can modify the water productivity of potato crops, optimizing the use of
water resources.

6.5.1. Planting Date

Planting date is a critical agronomic practice that influences water productivity in
potatoes, primarily due to its impact on rainfall patterns, air temperatures, and the resulting
evapotranspirative demand. In the Mediterranean region, a study on irrigated early potato
crops revealed significant differences in water productivity between two planting dates
just a few weeks apart (5 and 30 January) [11]. Plants sown on the second date showed
greater capacity to use irrigation water efficiently under moderate stress, with an increase
in Total Water Productivity (TWP) of +77% compared to +66% for the first date (IWUE
original study term). These differences are likely due to reduced water availability for
the second planting, which received less irrigation (110 mm vs. 130 mm) and rainfall
(159 mm vs. 206 mm). Moreover, lower rainfall during the second planting coincided with
the critical tuber bulking stage, when water demand peaks [114,115]. In Tunisia, TWP for
tuber production also varied with planting time, ranging from 6 to 8 kg m−3 in winter,
8–9 kg m−3 in autumn, and 11–14 kg m−3 in spring (WUE in original study) [116]. Similarly,
in a warm tropical environment, studies on three cultivars showed water productivity
values of 10–16 kg m−3 in winter and 3–5 kg m−3 in summer [117].

6.5.2. Fertilization Management

Fertilization management also influenced by TWP. Research has shown that in irri-
gated plots, WP improves with increased nitrogen (N) supply [46,50,118], phosphorus
(P) supply, or potassium (K) supply [111]. A study in Italy [42] demonstrated WP rises
with higher N-P-K fertilization rates, ranging from 5.3 kg m−3 at the lowest fertilization
level to 9.3 kg m−3 at the highest level. In a field experiment conducted in Egypt [46],
potato plants were subjected to four irrigation treatments—100%, 80%, 60%, and 40% of
ET—combined with four nitrogen (N) levels: 160, 220, 280, and 340 (kg N ha−1). Results
showed WP at 100% ET was 146 kg ha−1 mm−1 with N340 (WUE in original study); how-
ever, WP increased to 195 kg ha−1 mm−1 at 40% ET with N220 (WUE in original study),
indicating better efficiency under reduced water supply when nitrogen was optimized.
Moreover, combining three irrigation treatments with six potassium doses (K0, K40, K80,
K120, K160, and K200 kg ha−1) [119], showed the optimum irrigation × potassium inter-
action at I100 × K120 and I100 × K160 for plant and yield parameters, and at I33 × K120
and I33 × K160 for tuber quality. Contrary to other studies, the authors found the highest
WP at I100 for both years, decreasing as irrigation decreased; WP increased up to K40 but
decreased afterward.

6.5.3. Soil Texture

Although soil texture’s influence on WP is often overlooked in the literature, findings
from a multi-year experiment in the Mediterranean region emphasize WP improvement
by selecting a suitable soil type [62]. Potato crops grown in clay soil exhibited water
stress characteristics during active growth, adversely affecting performance [120]. In
contrast, loam soil provided better conditions for water availability and uptake, supporting
improved WP and crop yields. The study revealed WP in clay soil was 22–25% lower
compared to loam soil (WUE in original study), accompanied by significant decreases
in yield and ET. Moreover, PRD was more favorable in fine-textured soils, as plants had
sufficient time to adjust to soil water status; in contrast, light-textured soils induced rapid
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water stress, limiting plant adaptation [121]. Conversely, other research [122] suggested
light sandy loam and deep porous soils are best for PRD; shallow sandy soils impose
chronic stress, while deep clay soils are less effective due to slow wetting and lateral water
spread, reducing irrigation efficiency.

6.5.4. Mulching

Mulching helps conserve water. Research indicates that unmulched land loses more
water than plastic-mulched soil, as exposed soil is vulnerable to solar radiation, wind, and
heat, leading to higher evaporation. Plastic mulch acts as a protective layer, reducing water
loss and improving soil moisture retention. Plastic mulching outperforms traditional tillage
in WP; plastic film mulch for half the growing season maximized WP and yield (increased
~82%) in semi-arid agroecosystems [123].

6.5.5. Genotype

Potato cultivars show different responses to drought stress and water-saving strate-
gies [61,124–126]. Cultivars producing many tubers per hill generally perform worse
under non-irrigated conditions than those producing fewer [127]. Cultivars with stem-type
canopies, which typically have higher dry matter and deeper roots, show enhanced drought
tolerance [128,129]. A study on two potato cultivars, Producent (leaf-type) and Tomba
(stem-type), explored the relationship between shoot and tuber yield under rainfed and
irrigated conditions over two years [130]. Varying seasonal rainfall and supplemental
irrigation revealed key differences in cultivar responses to water availability. Stem-type
(Tomba) showed resilience under water deficit due to larger aboveground biomass, ad-
vantageous in water-limited soil. For leaf-type, tuber yield increased linearly with shoot
yield, indicating efficient biomass-to-tuber conversion. In the Egypt area three different
irrigation levels were evaluated: 100, 75 and 50% of ET during two growing seasons on
cultivars Arizona, Diamant, Markies, Spunta and Valor; tuber yield increased with in-
creasing irrigation from 50 to 100% ET for all varieties, with no substantial differences
in WP [104]. It was long believed that sensitivity to water deficit was linked to maturity
class, with early-maturing varieties considered more tolerant than late-maturing ones [131].
However, drought tolerance does not solely relate to “escape” in early genotypes; geno-
types from different maturity classes with specific canopy architectures can also exhibit
strong tolerance [130,132]. Tolerant genotypes maintain higher photosynthetic activity
under water deficit. Cultivar responses may vary with moderate water stress and harvest
timing [133]. In a recent study [11], under moderate water stress, Spunta used irrigation
water more efficiently during early harvest than Sieglinde; however, by the final harvest,
Sieglinde outperformed Spunta in water use, highlighting genotype-specific responses and
the importance of cultivar selection for improving WP.

The modifying effects of planting date, fertilization, soil texture, mulching, and geno-
type on water productivity are supported by multiple independent studies (collectively >20)
performed in Italy, Tunisia, Egypt, and Turkey. Although the number of studies per indi-
vidual factor is sometimes limited, the directional trends are largely consistent, indicating
that appropriate agronomic management can further enhance the benefits of water-saving
irrigation strategies.

7. Conclusions
Irrigation is essential in many semi-arid areas of the Mediterranean region to achieve

both yield and quality targets in potato cultivation. However, limitations in water resources
necessitate optimizing irrigation management and increasing water productivity to con-
serve water resources. The present systematic review, which for the first time focuses
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exclusively on studies conducted in the Mediterranean region, highlights the effectiveness
of appropriate irrigation management and water-saving strategies in increasing water pro-
ductivity. Overall, the use of drip irrigation and the application of Static Deficit Irrigation
(SDI), Dynamic Deficit Irrigation (DDI), and Partial Root-zone Drying (PRD)—with deficit
levels close to 50% of crop water requirements—allow not only a yield penalty limitation
but also the maintenance of tuber quality and significant reduction of water waste.

The overall certainty of evidence across the reviewed studies is considered moderate.
Most conclusions are supported by consistent directional trends observed in multiple
independent studies and countries, despite methodological heterogeneity and the absence
of formal risk-of-bias tools specifically validated for agronomic research.

8. Practical Implications and Future Research Directions
Improvements in irrigation management and irrigation water productivity in potato

crops can be achieved through the adoption and transfer of scientific research results into
practical agricultural practices. The success of a water-saving strategy depends on context-
specific factors, such as the level of deficit applied, whether it is applied throughout the
entire growing cycle or only during critical phases, and whether irrigation is alternated
or continuous.

Soil type can affect the efficiency of a water-saving strategy, and the strategy itself could
influence soil hydraulic properties. Therefore, future research should focus on evaluating
different water-saving strategies across a wide range of soil types and hydroclimatic
conditions in the Mediterranean region.

Other fields of research that deserve exploration include studying Water Productivity
in relation to water quality, especially given the increasing use of non-conventional water
sources for irrigation, and investigating the relationship between Water Productivity and
mineral supply, to demonstrate the importance of well-founded fertilization practices.

A crucial factor in successful water-saving strategies is the selection of suitable geno-
types. Currently, potato production in the Mediterranean region predominantly relies on
cultivars chosen to meet growers’ needs for tuber yield and consumer preferences for qual-
ity characteristics. It is hoped that future research will support the breeding or selection of
new genotypes characterized by high water use efficiency, potentially offering a long-term
solution to water scarcity, a challenge expected to intensify under future climate change.
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