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ABSTRACT

Objective: This study describes the multidimensionality and significance of ecophysiology in forests within
the context of climate change.

Design/methodology/approach: A comprehensive review and classification of scientific articles indexed in
the Google and Google Scholar repository was conducted. The focus was on articles related to the importance,
functions, and history of ecophysiology, as well as its relationship with forests.

Results: Ecophysiological studies are fundamental for understanding how plants have evolved in response to
environmental changes through centuries. Research in this discipline has increased significantly over the last
decade, particularly concerning aspects of climate change.

Limitations on study/implications: This review relied exclusively on publications available in Google and
Google Scholar.

Findings/conclusions: Knowledge of forest ecophysiology is fundamental to predicting how plants undergo
adaptations to future environmental changes, including the effects of climate change.

Keywords: ecophysiology, adaptation, organisms, climate.

INTRODUCTION

The study of plants has historically served as a cornerstone in the development of
scientific inquiry, extending back to the origins of humanity (Balick & Cox, 2020). This
emphasis underscores the essential role that plants play in sustaining human life and
supporting terrestrial ecosystems (Harris, 2020). In this context, plant ecophysiology
occupies a critical position in the intersection of ecology and physiology, two disciplines
that have been enriched over time by the contributions of numerous researchers.
Given the pivotal developments in ecophysiology, advancements in related fields also
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directly benefit this discipline by providing a comprehensive conceptual framework to
understand the complex interactions between plants and their environment (Cavieres
et al., 2016; Wilkening et al., 2024). By integrating principles from both ecology and
physiology, ecophysiology plays a crucial role in studying and understanding how
environmental factors influence the physiological processes of plants and how they
adapt to their surroundings (Ainsworth et al., 2016). Plant ecophysiology and ecology
are interconnected fields that focus on different aspects of plant life and their interactions
with the environment (Ainsworth et al., 2016). Ecophysiology specifically investigates
how the physiological processes of plants respond to environmental factors such as light,
water, and nutrients. It emphasizes the underlying mechanisms of these responses and
their implications for plant growth and survival. By integrating knowledge from both
physiology and ecology, ecophysiology provides insights into how plants adapt to varying
conditions in their natural habitats (Lambers et al., 2019).

In contrast, ecology is a broader discipline that studies the relationships between
organisms, including plants, and their environment. It encompasses various interactions
within ecosystems, such as competition, predation, and symbiosis, as well as the distribution
and abundance of species. While ecology can provide context for understanding plant
behavior within ecosystems (Begon & Townsend, 2020), ecophysiology explores deeper
into the physiological mechanisms that underpin these ecological interactions (Ainsworth
etal.,2016).

Interactions among plants, soils, and soil biota have been studied for centuries, initially
from agricultural or forestry perspectives but more recently from a fundamental and
theoretical ecological approach. This evolution in focus highlights the multidimensionality
of ecophysiology, which considers multiple factors affecting plants simultaneously, such as
water, soil, light, and climatic conditions. In forests, where these interactions are particularly
complex, this multidimensionality is essential for understanding how plant species adapt to
their environment and respond to environmental changes.

In 1866, Ernst Haeckel coined the term “ecology” and defined it as the science that
focuses on the relationships between organisms and their environment, thereby establishing
a foundation for studying interactions between organisms and their environmental
conditions. Building on this foundation, Pickett ¢t al. (1994) suggested that ecology emerged
from the need for emphasizing, by Schimper, to integrate physiology and biogeography
(Liittge & Scarano, 2004). This interdisciplinary perspective allows for a comprehensive
understanding of how organisms adapt to their environments. In the context of climate
change, this multidimensionality becomes even more critical.

Forests face unprecedented challenges due to rapid changes in temperature,
precipitation patterns, and extreme weather events. Ecophysiology provides tools to better
understand how these factors affect plants from an integrative perspective. A fundamental
aspect is the inherent multidimensionality of forest ecophysiology, which considers the
complex interactions among plant physiology, soil dynamics, climatic conditions, and
biological interactions between species. By addressing these multiple dimensions, a more
comprehensive understanding is achieved for regarding how trees interact with their

environment and respond to environmental factors such as light, water, and nutrients.
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Thus, the objective of this review is to describe the multidimensionality and significance of

ecophysiology in forests within the context of climate change.

MATERIALS AND METHODS

The methodology employed in this review is based on a qualitative and exploratory
approach designed to identify and analyze key concepts and significant advancements in
the field of forest ecophysiology within the context of climate change. A comprehensive
bibliographic search was conducted using keywords such as “forest ecophysiology”
and “climate change” in the Google and Google Scholar database. This platform was
selected for its accessibility and extensive coverage of scientific literature, facilitating
the collection of relevant information across various disciplines and formats (Biblioteca
Complutense, 2025).

A total of 35 references were selected, including research articles, books, and book
chapters. The inclusion criteria were: i) publications addressing the ecophysiology of
plants or forests; i1) studies analyzing the responses of forest ecosystems to climate change;
and 1i1) works relevant to understanding physiological and ecological mechanisms in forest
environments. The references include a broad time range from 1974 to 2024, allowing for
the incorporation of both historical studies and recent advancements. Furthermore, the
analyzed documents are available in both English and Spanish, ensuring a bilingual and
multicultural perspective in data interpretation.

A bibliometric analysis was not conducted, as the primary objective was to synthesize
key information and construct a coherent conceptual framework that allows for a profound
understanding of forest ecophysiology in the context of climate change. A prior qualitative
focus was carried out due to the dynamic and complex nature of the field, where interactions
among biological, ecological, and environmental factors are fundamental. Additionally,
bibliometric analysis can be limited by its reliance on quantitative metrics that do not
always adequately reflect conceptual relevance or study quality. By concentrating on the
depth and relevance of content, we aim to provide a more integrated perspective that can

guide future research in this area.

RESULTS AND DISCUSSION
Plant ecophysiologys, its origins

Ernst Stahl (1848-1919) is acknowledged as a foundational figure in ecophysiology,
having introduced experimental techniques that significantly advanced plant physiology
by exploring the functions of stomatain transpiration and photosynthesis, thus establishing
key principles for understanding plant-environment interactions (Liittge, 2007; Liittge &
Scarano, 2004). In the 20" century, researchers like Otto Stocker and Bruno Huber
expanded upon Stahl’s work by creating innovative instruments that allowed for precise
measurements of plant behavior in natural settings, focusing on essential physiological
processes (Valladares & Rodriguez-Lopez, 2010). The technological advancements of
the 1970s and 1980s further propelled the field, enabling in situ assessments of critical
environmental variables. A significant study by Kathleen Green and Robert Wright

(1977) illustrated that increased atmospheric CO, levels could linearly enhance the net
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photosynthesis of Pinus ponderosa (Green & Wright, 1977). Subsequent investigations
revealed that water stress markedly limits gas exchange and photosynthetic efficiency
in Pinus radiata, underscoring the vital role of water availability for forest productivity
and the necessity for effective water management strategies (Benecke, 1980). As the
21* century outspread, ecophysiology regained prominence in high-impact scientific
literature, integrating mechanisms at the individual level to analyze ecological and
evolutionary phenomena (Valladares & Rodriguez-Lépez, 2010). Collectively, the
contributions of early ecophysiologists like Stahl have been instrumental in enhancing
our comprehension of how plants adapt to ever-changing environmental conditions.

Gilbert Aussenac (2000) explored the influence of forest stands on microclimatic
conditions and their implications for plant ecophysiology, emphasizing the role of local
climatic characteristics in shaping microclimates that affect temperature, light, and water
availability. This understanding is vital for optimizing silvicultural practices to enhance
forest health and productivity. Additionally, research indicates that conifers in the
Sierra Nevada ecotone utilize soil moisture more efficiently than shrubs, underscoring
the importance of water availability for their survival in montane environments (Royce
& Barbour, 2001). Recent advancements, such as using thermal cameras to monitor
tree transpiration, further highlight the necessity of effective water management and
ecophysiological knowledge for sustaining forest ecosystems amid climate change
(Javadian et al., 2024).

In 2024, Joshi et al. examined seasonal variations in the ecophysiological traits of
leaves from coexisting perennial and deciduous tree species in a white oak forest (Quercus
leucotrichophora) in the central Himalayas, focusing on traits such as net photosynthetic
capacity and stomatal conductance. Their findings highlighted distinct strategies
employed by these trees in response to seasonal changes, which are essential for
their growth and survival. This research contributes to our understanding of species
coexistence and their ecological roles in temperate forest ecosystems, providing insights
for forest management programs and conservation efforts in the Himalayan region
(Joshi et al., 2024). Furthermore, it emphasizes the necessity for long-term physiological
monitoring to address climate change impacts on forest health and productivity, as
current funding often prioritizes innovative but less effective projects over critical in
situ studies (Rubhil et al., 2024). Recent studies have indicated that the vulnerability of
species such as Liguidambar styraciflua is linked to factors like stomatal conductance
and leaf water potential, with water being a key determinant for their development.
These investigations not only aid at assessing species resilience to climate change but
are also vital for developing management and conservation strategies that benefit both

ecosystems and local communities (Esperén-Rodriguez & Barradas, 2015).

Approaches to ecophysiology in forest ecosystems

Plant ecophysiology 1s a crucial discipline that investigates the physiological
mechanisms behind ecological interactions, focusing on how plants acclimate, adapt, and
grow in response to environmental factors. By examining these processes at molecular,

biochemical, and physiological levels, ecophysiology bridges botany, plant physiology, and
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ecology, enhancing our understanding of plant responses to critical factors such as water
availability, light, and nutrients (Huante et al., 2002; Lambers et al., 2019).

This field plays a vital role in addressing climate change and resource scarcity by
providing insights into how physiological processes influence plant adaptation to changing
conditions (Ainsworth ez al., 2016; Hasanuzzaman, 2020a, 2020b). Through the analysis of
plants at both molecular and whole-plant levels, researchers gain valuable knowledge about
species thriving in diverse environments and their responses to environmental stressors
(Bhatla & Lal, 2023; Felisberto et al., 2024; Mendes et al., 2023). This understanding is
essential for managing community dynamics and ecosystem functioning in the face of
environmental changes (Halofsky et al., 2020; Wallis ez al., 2021).

Ecophysiological studies provide a foundation for understanding processes from tissues
to ecosystems (Ainsworth et al., 2016). By exploring the relationships between physiological
traits and environmental conditions, researchers can assess ecosystem efficiency and
resilience to fluctuations in climate and resources. This knowledge elucidates how specific
traits enable survival and competition among species, influencing their distribution and
trait expression along ecological gradients (Buzhdygan ez al., 2020; Medina, 1977; Smith e
al., 2023; Maciel-Mata et al., 2015; Visakorpi ez al., 2023).

Current importance of plant ecophysiology

Plant ecophysiology deepens our understanding of plant evolution, productivity,
and nutrient use efficiency by examining their adaptation to ecosystems over time.
This knowledge is essential for developing strategies to harness plants and forests in
mitigating global climate change. In particular, the ecophysiological analysis of forests
provides a detailed link between tree phenology, physiology, and climatic influences,
offering critical insights into the complex interactions and feedback mechanisms that
shape tree-environment dynamics in the face of the ongoing climate crisis (Stagakis et
al., 2022).

Plant productivity is closely linked to their ability to efficiently utilize available soil
nutrients. Ecophysiology investigates the mechanisms that enable plants to absorb and
utilize essential nutrients, including nitrogen, phosphorus, and potassium, which are
critical for growth in natural environments. This study also considers the interactions
among all biotic and abiotic factors within ecosystems (Ainsworth et al., 2016; Becklin et
al., 2016; Reichardt et al., 2020).

CONCLUSIONS

Through time, plant ecophysiology has established itself as a fundamental discipline
focused on understanding the physiological processes that regulate plant responses to
environmental factors. This field not only contributes to our understanding of plant
evolution but also enables the interpretation of their productivity past, present, and
future as well as their nutrient use efficiency. Additionally, plant ecophysiology provides
new insights into the adaptation of plants to specific ecosystems. By analyzing these
interactions throughout different temporal scales, it becomes possible to develop strategies

for the sustainable management of plants and forests. This may be crucial for maintaining
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vegetation cover with carbon repositories and contributing to the mitigation of global

climate change.
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