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The Mediterranean region is often described as a climate change hotspot. Not surprisingly, climate change impact
on Medieterranean Agroecosystems sustainability, biodiversity, and productivity has been receiving a lot of
interest from the research community. It is reported that the frequency, intensity and duration of droughts, as
well as hotter droughts, are interfering with ecosystems’ structure, composition, and functions. To minimize
some of the risks of the ongoing climate change, and maintain the economic viability of the agroecosystems,
management strategies and practices need to be changed/adapted at the local and regional levels. This is of
fundamental importance for the design of future human societies and their relationships with other species.

The increased warming and precipitation decline in the Mediterra-
nean region makes it a climate change hotspot (Cos et al., 2022). The
foreseen temperature increase in this region (0.03°C rise per year if the
current trend is maintained), surpasses the global average increase
(0.02°C rise per year; [PCC 2019; UNEP 2020). Additionally, the water
scarcity is expected to worsen as regional trends for increasing fre-
quency and intensity of drought are also projected (UNEP, 2020). Over
the last century, human-induced drivers of climate change, notably
greenhouse gases, are considered to be much larger than natural ones
(Allison, 2015). Greenhouse gases, that trap the sun$ heat, provide the
crucial link between temperature rise and human activities and many
ecosystems are already being strongly affected by the quick shifts in
environmental conditions. The expression “survival of the fit” does not
always fully evidence the delicate web of biological interactions and the
long-standing co-evolution processes. So, addressing ecosystem sus-
tainability in a climate change context is of fundamental importance for
the design of future human societies and their relationships with other
species. As this special issue is focused on woody species’ adaptations to

multiple abiotic stressors, we would like to gather attention on
plant-based agroecosystems in the Mediterranean region, whose pro-
ductivity, biodiversity and sustainability are under threat due to the
more frequent and intense extreme events, namely, heatwaves and
droughts (e.g. Ermitao et al., 2021; Guion et al., 2021). In line with
political-strategic foresight in the last decades, e.g., UN 2030 Agenda for
Sustainable Development and its Sustainable Development Goals (SDGs,
and the Mediterranean Strategy for Sustainable Development
2016-2025), climate change impact on Mediterranean woody agro-
ecosystems is receiving a lot of interest from the scientific community.
This is clearly illustrated by a bibliographic search at the Web of Science
(WoS) database performed on 1%t October 2021 (Fig. 1). Details on the
bibliographic search are provided in the legend of Fig. 1. In brief, we
made use of several search strings to retrieve records addressing Medi-
terranean woody plants and climate change in the WoS Core Collection.

While the total number of records in the database steadily increased
over the last decades (2x, Fig. 1A), the records addressing Mediterranean
woody plants and climate change increased 177x (Fig. 1B-1C). The
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Fig. 1. Bibliographic records available at the Web of Science (WoS, www.
webofscience.com, 1st October 2021) per decade from 1990 to 2021

A. Total number of records available in the WoS Core Collection (All databases,
solid, dark bars).

B. Number of records at the WoS Core Collection (All databases) retrieved with
distinct search strings. Search string

#1: TOPIC: (Mediterran*) AND TOPIC: ((((woody) or (orchad*) or (forest))))
AND TOPIC: (climate change) AND TOPIC: (adapt*) (solid, dark bars); Search
string #2: Search string #1 AND TOPIC: (((water stress) or (drought) or (heat)
or (temperature))) (solid, light bars); Search string #3: Search string #1 AND
TOPIC (fire) (empty bars)

C. Relative proportion of the publications retrieved with the search strings over
the total number of publications in the WoS Core Collection (numbers in figure
1B over numbers in figure 1A)
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number of records addressing “heat” and “drought” (search string #2)
comprises circa 75% of the records in the last decade clearly demon-
strating the relevance of the topic.

In the above mentioned survey several authors report that frequency,
intensity and duration of droughts are affecting the survival and growth
of woody plants, thus, interfering with ecosystems structure, composi-
tion, and functions (e.g. Bussotti et al., 2015; Prichard et al., 2017;
Buras and Menzel, 2019; Roces-Diaz et al., 2021). The increase in tem-
perature and drought also affect plant phenology, by inducing an earlier
budburst and constraining the length of the growing season and, thus,
negatively impacting plant growth. Hot droughts may also modify the
distribution and/or impact of biotic factors (e.g. Sardans and Penuelas,
2013; Carnicer et al., 2021). Pests and pathogens are changing their
habitat ranges and becoming virulent in areas where they had not
reached critical population densities earlier (e.g. Jandl et al. 2019).

The effects of climate change on Mediterranean ecosystems will
depend on site-specific features and management practices. For
instance, soil compaction through heavy machinery or livestock over-
load should be avoided to prevent reductions in soil water infiltration.
Agronomic practices that promote soil biodiversity may also help to
increase carbon sequestration, and to reduce and/or optimize the use of
fertilizers. There is a consensus around the ecological benefits of maxi-
mizing the ecosystem stability by maintaining high genetic variability
(e.g., increasing within, and between, species diversity) and securing
productivity under changing environmental conditions.

To minimize some of the risks of the ongoing and predicted climate
change, and maintain the economic viability of the agroecosystems,
management strategies and practices need to be changed/adapted. In
our view, knowledge and knowledge-based management are key part-
ners in such adaptation (Fig. 2). Natural variability and local specific-
ities add additional levels of uncertainty limit the effective
implementation of adaptation measures and so each agroecosystem
poses its own challenges. On this point, we would like to focus on
climate change effects and management options, on two emblematic
agroecosystems: olive groves, one of the oldest permanent crops of the
Mediterranean, and montados/dehesas, savannah-like ecosystems
shaping large areas in the southwestern Iberian Peninsula. Both systems
play a key role in the areas they occupy, because of their spatial
extension and their economic, social and environmental relevance.

1. Olive crop (Olea europaea L.)

Two main types of olive orchards are found in the Mediterranean
area. In the traditional system, with a low density of plantation (up to
100 trees/ha), olives are usually grown under rainfed conditions and
managed with few agrochemicals inputs and a low degree of mechani-
zation. This growing system is typically associated with the presence of
high biodiversity, thus providing several ecosystem services. On the
hand, intensive (200-500 trees/ha) and super-intensive (up to 2500
trees/ha) olive groves are expanding in several countries, particularly in
Spain, Italy and Portugal (Guerrero-Casado et al., 2021). Although more
profitable than the traditional orchards, their management makes use of
several agrochemicals, irrigation and mechanization (Guerrero-Casado
et al., 2021), leading to agrobiodiversity reduction.

Productivity goals and associated management options will be
further challenged due to the expected heat and water stress increase.
The economic impact of climate warming across the Mediterranean
basin olive orchard is not uniform. In some areas, productivity may in-
crease while others are predicted to decrease in the future (Ponti et al.,
2014). A major effect of warming will be alterations in flower and fruit
settings (Morales et al., 2016; Gabaldon-Leal et al., 2017), which is also
impacted by water availability (Arampatzis et al., 2018). In our view,
the implementation of practices linking farming with local soil water
availability will be crucial. This is a challenging task since these prac-
tices need to be adjusted to local conditions and to the socio-economic
reality of farmers and orchard’s growing systems (traditional vs
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Fig. 2. Life under stress. Under Mediterranean field conditions plants are
exposed to multiple abiotic and biotic factors. Interactions between plants,
plant communities and their enemies, friends and foes can result in distinction
outcomes. While hard to decipher, knowledge of such interactions is essential
for local management options and political decisions. Producer associations and
other relevant stakeholders are key to the transition to a climate resilient
paradigm. Sustainable and biodiverse agro-forest ecosystems strongly
contribute to its achievement. Vineyards, olive orchards, fruit trees and
“montados/dehesas” are emblematic ecosystems of the Mediterranean basin
region. This region represents a hot spot for climate change and for species’
genetic diversity

Photographic credits: Olive grove, CCBY2.0 www.flickr.com/photos/
65847118@N06/15112616707; montado, CCBYNC ND2.0 www.flickr.com/
photos/agforward/13626444104; vineyard, CCO https://pixabay.com/pt/
photos/vinicola-douro-portugal-1357947; Orange tree, CCO https://www.
pxfuel.com/pt/free-photo-xgmzz

Amplifying
effects

intensive or super intensive). Key action points includ: 1) crop water use
efficiency optimisation using new irrigation techniques and advanced
technologies (e.g. oT, machine learning); 2) promotion of practices to
conserve water in soil (e.g. conservation tillage systems like zero-tillage
or minimum tillage, crop residue on the soil surface); 3) the use of
functional plants-microorganisms symbiosis in order to increase plant
tolerance to stresses. Appropriate economic incentives will be of utmost
importance for the adoption of these strategies by the farmers. Addi-
tionally, it is necessary to develop new cultivars better adapted to water
deficit conditions and high temperatures.

2. Montados and dehesas

These man-made agro-silvo-pastoral ecosystems, characterized by a
two-layered structure with a sparse tree stratum mainly dominated by
evergreen oaks - Quercus suber L. and Quercus rotundifolia Lam. - and an
understory of shrubs and grasses, were designed to overcome food needs
in a scarce resource environment. They have high potential economic
and social value, sustain high biodiversity and provide multiple goods
and ecosystem services. Q. suber is mainly exploited for cork production
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and Q. rotundifolia produces acorns to feed livestock. Both species must
cope with the seasonal summer hot drought of the Mediterranean
climate. They have developed structural and physiological traits to cope
with drought, minimizing water losses through leaves and maximizing
water uptake by deep rooting (Baldocchi and Xu, 2007). However, under
low precipitation and high temperature, tree vitality may be reduced
and tree death may occur. Pests and diseases may amplify, and be
amplified, by drought-induced stress (Millar and Stephenson, 2015;
Hartmann et al.,, 2018). Oak regeneration and establishment, tree
growth, productivity and product quality may also be affected.

Ecosystem management should consider the ongoing environmental
changes and the species evolutionary adaptation traits. Key action points
are: 1) mapping of water availability across different areas, given the
high spatial heterogeneity in montado/dehesa ecosystems; 2) adjusting
tree density to the local water availability; 3) adopting practices that do
not damage or destroy roots to prevent decoupling trees from their water
and nutrient sources (David et al., 2013, 2016); 4) in severely dry years
avoid Q. suber cork stripping as it poses additional stress (Costa e Silva,
2021); 5) improve oak resilience to drought through genetic breeding; 6)
in some areas, control shrub encroachment in order to decrease
competition for water and nutrients (Caldeira et al., 2015) and reduce
the risk of fire.

3. Conclusion

Knowledge-based management is a cornerstone when addressing the
upcoming climate challenges. The continuous monitoring of the agro-
ecosystems with the local and regional resolution is needed to refine
models, implement early warning systems and adjust management. This
will enable a better understanding of tree/crop dynamics under diverse
climate conditions and identify the most appropriate management
practices to improve Mediterranean agroecosystems sustainability.
Mapping water availability and its use is of utmost importance. The
implementation of adaptive management concepts challenges the cur-
rent practices and implies a redefinition of economic, social, and
ecological goals.

Thus, scientific sound data as the pillar of knowledge-based man-
agement is no doubt our best approach as well as an active stakeholder
engagement that will help to develop and establish more successful
actions. However, as the recent pandemics reveal, the societal trust in
science and how science works is challenged every day. Trust must be
earned and while the public awareness of the risks of climate change is
growing, the price of the change needs to be clear to all the stakeholders
and perceived as fair and evenly distributed.

CRediT authorship contribution statement

Carla Pinheiro: Conceptualization, Writing — review & editing.
Teresa S. David: Conceptualization, Writing — review & editing. Paula
Baptista: Conceptualization, Writing - review & editing. Leonor
Guerra-Guimaraes: Conceptualization, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work is financed by national funds from FCT - Fundagao para a
Ciéncia e a Tecnologia, I.P., namelly: UCIBIO — Research Unit on Applied
Molecular Biosciences (FCT UIDP/04378/2020; FCT UIDB/04378/
2020); 4HB - Associate Laboratory Institute for Health and Bioeconomy
(FCT LA/P/0140/2020); CEF — Forest Research Centre (FCT UIDB/
00239/2020; FCT UIDP/00239/2020)CIMO - Mountain Research



C. Pinheiro et al.

Center (FCT UIDB/00690/2020); LEAF - Linking Landscape, Environ-
ment, Agriculture and Food (FCT UID/AGR/04129/2020).

References

Allison, I, 2015. The science of climate change: questions and answers. Aus. Acad. of Sci.
ISBN 978 0 85847 413 0.

Arampatzis, G, Hatzigiannakis, E, Pisinaras, V, Kourgialas, N, Psarras, G,
Kinigopoulou, V, Panagopoulos, A, Koubouris, G, 2018. Soil water content and olive
tree yield responses to soil management, irrigation, and precipitation in a hilly
Mediterranean area. J. Water Clim. Chang 9, 672-678.

Baldocchi, DD, Xu, L, 2007. What limits evaporation from Mediterranean oak woodlands
— The supply of moisture in the soil, physiological control by plants or the demand by
the atmosphere? Adv. Water Res. 30, 2113-2122.

Buras, A, Menzel, M, 2019. Projecting Tree Species Composition Changes of European
Forests for 2061-2090 Under RCP 4.5 and RCP 8.5 Scenarios. Front. Plant Sci. 9,
01986.

Bussotti, F, Pollastrini, V.Holland, Briiggemann, W, 2015. Functional traits and adaptive
capacity of European forests to climate change. Environ. Exp. Bot. 111, 91-113.
Caldeira, MC, Lecomte, X, David, TS, Pinto, JG, Bugalho, MN, Werner, C, 2015. Synergy
of extreme drought and shrub invasion reduce ecosystem functioning and resilience

in water-limited climates. Sci. Rep. 5, 15110.

Carnicer, J, Vives-Ingla, M, Blanquer, L, Méndez-Camps, X, et al., 2021. Forest resilience
to global warming is strongly modulated by local-scale topographic, microclimatic
and biotic conditions. J. of Ecol. 109, 3322-3339.

Cos, J, Doblas-Reyes, F, Jury, M, Marcos, R, Bretonniere, PA, Samsd, M, 2022. The
Mediterranean climate change hotspot in the CMIP5 and CMIP6 projections. Earth
Sy. Dyn. 13, 321-340.

Costa-e-Silva, F, Correia, AC, Pinto, C, David, JS, Hernandez-Santana, V, David, TS,
2021. Effects of cork oak stripping on tree carbon and water fluxes. Forest Ecol.
Manag. 486, 118966.

David, TS, Pinto, CA, Nadezhdina, N, David, JS, 2016. Water and forests in the
Mediterranean hot climate zone: a review based on a hydraulic interpretation of tree
functioning. Forest Sys. 25, eR02.

David, TS, Pinto, CA, Nadezhdina, N, Kurz-Besson, C, Henriques, MO, Quilho, T,
Cermak, J, Chaves, MM, Pereira, JS, David, JS, 2013. Root functioning, tree water
use and hydraulic redistribution in Quercus suber trees: A modeling approach based
on root sap flow. Forest Ecol. Manag. 307, 136-146.

Ermitao, T, Gouveia, CM, Bastos, A, Russo, AC, 2021. Vegetation productivity losses
linked to Mediterranean hot and dry events. Remote Sensing 13, 4010.

Gabaldon-Leal, C, Ruiz-Ramos, M, De la Rosa, R, Léon, L, Belaj, A, Rodriguez, A,
Santos, C, Lorite, 1J, 2017. Impact of changes in mean and extreme temperatures

Flora 291 (2022) 152070

caused by climate change on olive flowering in southern Spain. Int. J. Climatol. 37,
940-957.

Guerrero-Casado, J, Carpio, AJ, Tortosa, FS, Villanueva, AJ, 2021. Environmental
challenges of intensive woody crops: The case of super high-density olive groves. Sci.
Total Environ. 798, 149212.

Guion A, Turquety S, Polcher J. et al. 2021. Droughts and heatwaves in the Western
Mediterranean: impact on vegetation and wildfires using the coupled WRF-
ORCHIDEE regional model (RegIPSL). Climate Dynamics.

Hartmann, H, Moura, CF, Anderegg, WRL, Ruehr, NK, Salmon, Y, Allen, CD, Arndt, SK,
Breshears, DD, Davi, H, Galbraith, D, Ruthrof, KX, Wunder, J, Adams, HD,
Bloemen, J, Cailleret, M, Cobb, R, Gessler, A, Grams, TEE, Jansen, S, Kautz, M,
Lloret, F, O’Brien, M, 2018. Research frontiers for improving our understanding of
drought-induced tree and forest mortality. The New Phytologist 218, 15-28.

IPCC. 2019. Climate Change and Land: an IPCC special report on climate change,
desertification, land degradation, sustainable land management, food security, and
greenhouse gas fluxes in terrestrial ecosystems [P.R. Shukla, J. Skea, E. Calvo
Buendia, V. Masson-Delmotte, H.O. Portner, D.C. Roberts, P. Zhai, R. Slade, S.
Connors, R. van Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J.
Petzold, J. Portugal Pereira, P. Vyas, E. Huntley, K. Kissick, M. Belkacemi, J. Malley,
(eds.)]. In press.

Jandl, R, Spathelf, P, Bolte, A, et al., 2019. Forest adaptation to climate change—is non-
management an option? Annals of Forest Science 76, 48.

Millar, CI, Stephenson, NL, 2015. Temperate forest health in an era of emerging
megadisturbance. Science 349, 823-826.

Morales, A, Leffelaar, PA, Testi, L, Orgaz, F, Villalobos, FJ, 2016. A dynamic model of
potential growth of olive (Olea europaea L.) orchards. Europ. J. Agronomy 74,
93-102.

Ponti L, Gutierrez AP, Ruti PM, Dell’Aquila A. 2014. Fine-scale ecological and economic
assessment of climate change on olive in the Mediterranean Basin reveals winners
and losers. Proc. Natl. Acad. Sci. USA 111:5598-5603.

Prichard, SJ, Stevens-Rumann, CS, Hessburg, PF, 2017. Shifting global fire regimes:
Lessons from reburns and research needs. Forest Ecol. Manag. 396, 217-233.

Roces-Diaz, JV, Vayreda, J, Caceres, M, Garcia-Valdés, R, Banqué-Casanovas, M, et al.,
2021. Temporal changes in Mediterranean forest ecosystem services are driven by
stand development, rather than by climate-related disturbances. Forest Ecol. Manag.
480, 118623.

Sardans, J, Penuelas, J, 2013. Plant-soil interactions in Mediterranean forest and
shrublands: impacts of climatic change. Plant Soil 365, 1-33.

UNEP. 2020. State of the Environment and Development in the Mediterranean report.
United Nations Environment Programme. Edited by Plan Bleu Regional Activity
Centre. ISBN 978-92-807-3796-7.


http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0001
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0001
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0002
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0002
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0002
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0002
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0003
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0003
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0003
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0004
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0004
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0004
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0005
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0005
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0006
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0006
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0006
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0007
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0007
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0007
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0008
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0008
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0008
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0009
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0009
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0009
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0010
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0010
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0010
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0011
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0011
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0011
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0011
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0012
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0012
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0013
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0013
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0013
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0013
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0014
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0014
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0014
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0016
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0016
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0016
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0016
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0016
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0018
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0018
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0019
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0019
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0020
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0020
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0020
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0022
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0022
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0023
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0023
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0023
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0023
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0024
http://refhub.elsevier.com/S0367-2530(22)00067-6/sbref0024

	Mediterranean woody agroecosystems in a warming and drier climate: the importance of knowledge-based management
	1 Olive crop (Olea europaea L.)
	2 Montados and dehesas
	3 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


