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Water is the most limiting natural resource in many Mediterranean areas of southern
Europe, and this, together with the actual scenario of climate change (CC), promotes a
framework of uncertainty and creates major challenges concerning the sustainability and
viability of the current agro-ecosystems. Spain is one of the main agricultural producers
in the EU, and it has one of the largest areas of irrigated land in the EU, which is used to
grow several crops (annual and perennial); these crops require different levels of water
supply to meet the crop water requirements and ensure profitable yields. In this regard,
the preservation of the agricultural sector will largely depend on its capability to adapt to
current and future conditions and its ability to ensure viable and high-quality products
within sustainable and environmentally friendly management systems.

The main impacts of CC on Mediterranean irrigated agriculture have been evaluated
by identifying adaptation measures and sustainable intensification strategies for use in
irrigated crops under drought conditions. The initial focus of research in this sector
was the fact that the current management of agroecosystems in southern Europe was
not sustainable [1,2]. In this context, CC will not only promote substantial changes in
the management of natural resources, but also in the phenological evolution of crops,
with a shortening in the phenological cycles and earlier flowerings as responses to higher
ambient temperatures, water resource depletion, and a higher frequency of extreme climatic
events [3–5]. In the case of Mediterranean countries in southern Europe, the anticipated
increases in air temperature during the winter months will induce earlier flowering in
woody crops, affecting the fruit growth trends and ripening, as it has been proved in citrus
fruits [6], olives [3], and vineyards [7]. In agreement with this, flowering requires a period
of cool conditions to release dormancy, followed by a period of warm conditions with
enough water availability to induce budburst [8,9]. Thus, early flowering is expected under
warmer conditions, affecting the final yield if cool conditions do not occur during the
dormancy period [10].

Among annual and perennial crops, the most relevant Mediterranean woody crops
(olives, vineyards, almonds, stone fruits, or citrus, among others) will be particularity
sensitive to CC, not only to increases in air temperature and less rain, but also to extreme
weather events such as heatwaves and long periods with negligible precipitation. To a
large extent, higher ambient temperatures during the flowering and fruit setting periods
could promote widespread flower-dropping, with significant reductions in the final yield,
as suggested by other authors [11,12]. In this regard, it is essential to define those physio-
logical changes related to fruit yield losses in order to minimize the agronomic effects and
maximize the water savings and irrigation water productivity.

Out of all of the expected conditions in CC scenarios, the rise in [CO2] is perhaps
one of the most significant. Depending on the scenarios, this concentration could increase
from 470 to 940 mmol CO2 mol−1 (air) by 2100, which could lead to a mean surface
global warming of 1.4–5.8 ◦C [13]. Several authors have suggested that an increase in
[CO2] could be accompanied with a reduction in crop transpiration levels, and hence,
higher intrinsic water-use efficiency (WUEi), because of the increase in the stomatal and
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mesophyll conductance [14–17]. Even though higher [CO2] levels could be considered a
positive factor in relation to improvements in WUEi, there is little information regarding the
physiological interactions promoted by the increase in [CO2] and air temperature and water
stress situations. According to this, if water stress conditions extend over time and coincide
with high radiation rates, oxidative stress can be promoted, generating reactive oxygen
species (ROS) [18]. The increase in ROS can be accompanied by a synthesis of enzymes
with antioxidant activity (catalase, dismutase superoxide, or peroxidase, among others),
and if the water stress is very severe, it may promote lipidic peroxidation [19]. Thus, it is
necessary to clarify this mechanism in order to understand the interactions in current and
future CC scenarios and the yield response of irrigated crops in sensitive agricultural areas.

Moreover, it is necessary to consider the fact that most of the crops produced by
agriculture in southern Europe are exported to countries where the consumer is increas-
ingly demanding a more efficient use of water in agriculture. This improvement in water
efficiency means one must go a step further than simply saving natural resources [20].
Thus, the Strategic Plan for the Implementation of the EIP Agriculture (European Innova-
tion Partner-ships) on “Agricultural Productivity and Sustainability” [21] argues that the
concept of sustainability must encompass not only an efficient use of natural resources but
also that these result in an economic benefit for farmers (economic sustainability) and a
response to social concerns (social sustainability), such as, for example, the generation of
healthy products.

Therefore, not only is it important to define the response of crops to CC scenarios, but
also to continue those experiments related to the improvement in water management under
drought conditions and the interactions between deficit irrigation (DI) strategies and final
yield and fruit-quality improvements. Water-saving strategies regarding perennial crops in
semi-arid areas of southern Europe are not optional but mandatory under water scarcity
scenarios. Obviously, these strategies are going to limit the maximum yield potential, but
what would happen if these economic losses were compensated by reducing the production
costs and increasing some bioactive compounds in the fruit, generating an added value
to the final product? To answer these questions, recently, a novel, new type of research,
focused on food production under hydro-sustainable strategies (hydroSOS products), was
successfully developed [22,23]. The advantages of DI in different Mediterranean crops are
also remarkable, with significant improvements in the fruit quality, healthy composition,
sensory attributes, and consumer acceptance. In this context, research should focus on
studying characteristics or parameters of fruits related to their marketability and consumer
acceptance that could be affected by DI strategies. Thus, it is peremptory to redesign
irrigation programs in areas where water is scarce, adjusting the DI strategies not only to
save water, boost WUE, and stabilize productivity, but also to yield fruits with enhanced
quality. As reported by Rincón-Leon [24], many Mediterranean crops are considered
functional foods because they are important sources of bioactive compounds such as
flavonoids, carotenoids, anthocyanins, essential oils, pectins, vitamins A, E, or C, organic
acids, sugars, or mono- and poly-unsaturated fatty acids. In addition, their concentration is
highly determined not only by genomic differences or industrial extraction systems, but also
by the agronomic practices involved in the final production [25–27]. For example, vitamin
C is considered as the major antioxidant in citrus, and its content is largely influenced by
cultural practices, maturity, climate, or processing factors [28,29]. In the case of flavonoids,
these help to supplement the body’s antioxidant defenses against free radicals, and their
presence contributes to the appearance, taste, and nutritional value of products from plants.
A similar phenomenon occurs with carotenoids, which have different biological functions
and actions, contributing to antioxidant activity, reducing the risk of cancer and bone and
cardiovascular diseases, and protecting against age-related macular degeneration [30,31].

Several authors have demonstrated the advantages of DI strategies when they are
properly applied, promoting increases in the synthesis of bioactive compounds under
controlled water stress situations [32–35]. Considering all of these questions, it is possible
to define irrigation strategies that are able to maintain sustainable yield values, enable
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significant irrigation water savings, and ensure improvements in the physical and chemical
properties of fruit and their functional and sensory characteristics.

Moreover, when a DI strategy is applied, it is necessary to monitor the crop water
status to ensure minimum yield losses and maximize the water savings and the irrigation
water productivity. Traditionally, this assessment is conducted using manual measurements,
which are both labor-intensive and time-consuming. As a response, Internet of Things
(IoT) and Machine Learning processes are being widely applied in smart cities, industry,
intelligent buildings, and agriculture [36]. By implementing these techniques, together with
the use of new, low-cost sensors, we can obtain adequate information regarding crop water
statuses, which will ultimately help in decision-making processes when water resources
are scarce.

Finally, we cannot ignore the importance of the management of cover crops under wa-
ter scarcity conditions. Cover crops play an increasingly important role in the enhancement
of soil quality, reductions in agricultural inputs, and the enhancement of environmental
sustainability. Additionally, cover crops have attracted greater interest because of their
potential to provide additional eco-system services in agricultural systems, reducing ero-
sion, improving water quality, and enhancing biodiversity. Moreover, cover crops can also
increase soil organic carbon stocks in agricultural soils [37], as higher C and N contents are
added to soil pools as cover crop residues decompose [38]. However, several questions
should be considered, especially those focused on the most appropriate cover crop manage-
ment to avoid hypothetical competition with the main crop for water resources, and how
a cover crop could help increase soil water retention during the period with the highest
evapotranspiration levels.

In summary, the future of irrigation lies in determining the limitations of agroecosys-
tems and natural resources, adapting new production strategies based on competitiveness
without forgetting sustainability, and making proper use of new technologies and scientific
knowledge. In addition to all of this, we should not forget the critical role that agriculture
is playing in CC scenarios and how proper activities development can help to mitigate
its effects and turn irrigation agriculture into a sustainable and profitable sector within a
sustainable environmental equilibrium.
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