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Abstract

Climate change has emerged as one of the most pressing global challenges, profoundly
influencing plant survival, growth, and distribution. Rising temperatures, altered
precipitation patterns, and elevated CO levels have triggered significant physiological,
morphological, phenological, and genetic adaptations in plants. Physiologically, plants
regulate photosynthesis, respiration, and water-use efficiency to maintain carbon
assimilation under stress. Morphological responses such as root system modifications
and leaf structural adjustments enhance resilience to drought, heat, and nutrient
imbalances. Phenological changes, including shifts in flowering and seasonal growth
patterns, reflect plants’ high plasticity, allowing them to optimize life cycle events under
variable conditions. At the genetic level, natural selection, genetic diversity, and
epigenetic mechanisms underpin evolutionary responses to long-term climatic stress.
Ecosystem-level impacts include altered species distribution, community dynamics,
biodiversity loss, and disrupted ecosystem services. Elevated CO initially promotes
photosynthesis but often reduces nutrient quality, while heat and cold stress prompt
tolerance mechanisms such as thermomorphogenesis and cold acclimation. Additionally,
plant-soil-microbe interactions adapt through altered root exudation and microbiome
restructuring. Increased pest and pathogen pressures further complicate plant survival.
Conservation strategies, including seed banking, restoration ecology, and sustainable
agriculture, provide vital avenues for safeguarding biodiversity. Understanding these
adaptive mechanisms is crucial for ensuring plant resilience, ecosystem stability, and
global food security under rapidly changing climates.

Introduction

Climate change is one of the greatest global challenges of the twenty-first century.
Its impacts on plant species have the potential to be equally striking, stimulating changes
in leaf morphology, plant growth, phenology, statistics of leaf and tree traits, and
vegetation distribution. Depending on the adaptive pressure imposed by climate change,
the physiological and metabolic responses of plants might change to a new equilibrium
or they might make a lethal transition. Plants have persisted through dramatic Earth
changes and climatic events over millions of years and actively continue to adapt. An
extremely disturbing situation is changing climatic conditions in the form of abnormally
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high and fluctuating temperature, altered precipitation pattern with frequent occurrence
of drought, flood, cyclone and hail-storms etc. All the factors mentioned above are
affecting agriculture to a certain degree, which in turn will severely affect the investment
made in agriculture. A number of recent studies have indicated that climate change
(global warming) will affect plant productivity not only in tropical and temperate regions
but all over the world. Biologists define climate change as the modification of atmospheric
conditions at a particular location over a few decades or longer, and point out that an
individual living in the 21st century will experience different climatic conditions during
the course of his/her lifetime. Climate change is causing profound and disruptive effects
on life in a range of species and ecosystems. Responses can be dramatic and rapid across
bio-geographical regions, with species moving to higher latitudes and altitudes in
response to climatic conditions. The most common observed responses relate to spring
events in plants, including changes in bud break, flowering, shoot growth, pollen
production and dispersal, seed development, seed dispersal, and leaf fall during autumn.
These ecological responses will have negative impacts in important sectors such as
agriculture, forestry, water resources, energy, health, and coastal protection.

Climate change refers to the long-term shift in typical weather patterns and average
temperatures on Earth. Variations in local climates influence the geographical
distribution of ecosystems and species, so the stronger and more sustained the current
climate changes are, the greater the impact on biodiversity through altering the range,
abundance, and phenology of species. Temperature and precipitation are the main
variables affecting species’ distribution, along with physiological tolerance, interactions
with other species, geomorphology, seed dispersal capacity, and established migration
rates. Such variables can exert positive or negative effects depending on the species
under consideration.

Ecosystems are places where plants, animals, fungi, and bacteria all live and interact.
Climate change is affecting all of Earth’s ecosystems. Ecosystems all around the world
face color and condition changes—from shifting species distributions to widespread coral
bleaching. Climate change also influences ecosystems by driving the outbreaks of
invasive and pest species, and increases wildfire and insect outbreaks, which in turn
alter the structure and functioning of ecosystems (Parmesan & Hanley, 2015). Ecosystem
response to climate change mainly involves six aspects: change in species phenology,
changes in species distribution, changes in community composition, changes in
ecosystem structure and functions, changes in interactions among species, and changes
in ecosystem services. These are addressed in detail to provide a clear understanding
of how ecosystem dynamics will be altered with changing climate. The carbon cycle
consists of a series of reservoirs (atmosphere, vegetation, soil, and aquatic) that exchange
carbon with one another. Carbon sources are sinks are the two fundamental components
that drive these exchanges. A carbon source releases more carbon to the atmosphere
than it stores, whereas a carbon sink stores more carbon than it releases. Plants respond
to climate change by altering the timing of critical life transitions, such as the onset of
flowering and leaf emergence.

Physiological Responses of Plants

Plants respond to and survive under changing environments by adopting
complementary strategies ranging from alterations in physiological activity to
morphological, phenological, and genetic traits. Under future climatic scenarios,
physiological responses embrace shifts in photosynthesis and respiration processes,
accompanied by adjustments in water use efficiency within the xylem units. Observed
CO2 increments enhance photosynthesis, improving carbon assimilation. Elevated
temperatures provoke the adjustment of enzymatic systems worldwide, reshaping the
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distribution of biochemical complexes at local levels. Climate plays an important role
in regulating both photosynthesis and respiration. Green plants make use of solar energy
to fix atmospheric carbon dioxide into organic compounds via photosynthesis. At the
nearest interface between the photon-absorbing antenna pigments and the biochemical
reactions of carbon metabolism, individual photooxidation events generate chlorophyll
charge separations that lead to the linear electron transport chain, and an electron
cascade powers biochemical carbon fixation. The CO2 assimilated by photosynthesis is
used by the plant to drive metabolism and growth. Approximately half of the carbon
fixed via the photosynthesis of green plants is returned to the atmosphere through
respiration, the conversion of sugar to adenosine triphosphate (ATP) applied to all
biologically synthesized components of the living cell. Intra-annual and inter-annual
variation in mean temperature and temperature extremes will directly affect the rates
of photosynthesis and respiration, as well as the net exchange of carbon, the major
means by which the terrestrial biosphere will respond to ongoing climate change. Soil
moisture availability also determines the global distribution of photosynthesis and
respiration, and it also forms a crucial link with vegetation dynamics and hydrology
that influences the response of the terrestrial biosphere to ongoing climate change.

Water use efficiency (WUE) is the ratio of carbon gained through photosynthesis to
water lost via transpiration. When atmospheric CO2 concentrations increase from 280
to 560 umol mol”’1 at constant temperature and relative humidity, leaf-internal CO2
concentrations increase substantially, reducing stomatal conductance by 20-40% for a
given transpiration rate and substantially increasing WUE (Berger et al., 2016).
Measurements of carbon isotopes in plants provide evidence of widespread increases in
WUE over the period from 1850 to 2000. Dramatic increases in WUE are often observed
when annual precipitation decreases, consistent with selection for traits that enhance
survival, such as increased WUE and allocation to roots. Species that are more resilient
to drought and tolerate water stress tend to optimize the balance between carbon fixation
and water loss to maximize WUE.

Morphological Adaptations

Morphological adaptations are structural modifications in plants that influence their
physiology and survival under stress conditions such as a changing climate. These
responses can be observed in different plant organs, including roots, stems, and leaves.
Root growth plays an important role in the maintenance of water supply and signals
stress in the soil medium, often exhibiting changes that help the plant cope with adverse
conditions. Phenotypic plasticity of root length also allows plants to search new soil
regions for available water and nutrients. Leaf morphology and characteristics, such
as size, shape, thickness, surface area, specific leaf area, and leaf dry matter content,
regulate photosynthesis and are highly sensitive to environmental impacts. The
overarching aim of these morphological responses is to maintain photosynthesis, the
principal process for plant growth and survival under altered environmental conditions.
Several plants across different ecosystems initiate morphological responses to induce
more biomass and relative primary productivity in their morphological organs. These
structural modifications help plants regulate physiology and maintain metabolic
stability during environmental stress, thereby enhancing the chances of lifetime
survival.

Because roots have no chloroplasts, they cannot photosynthesise and are therefore
heterotrophic. Root system architecture, which is determined by the temporal and spatial
configuration of roots with respect to the shoot, determines whether resources are
acquired economically or expensively. A deep root system under drought is achieved
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by continued growth even at low water availability, which may increase soil strength
and impedance to root penetration. This challenges traditional views of deep rooting
and drought tolerance, raising debate over whether deep or shallow rooting benefits
plants under drought. Shallow rooting occurs in ecosystems with short, sporadic rainfall,
such as deserts, to capture moisture in the topsoil. Water in dryland systems is mainly
stored in deep soil layers, while in irrigated systems, water 1is more constantly available
in the topsoil. Root hairs have a role in plant-microbe interactions. Their response to
drought varies among genotypes. Root diameter can increase or decrease under drought,
both responses being beneficial. The root-to-shoot ratio usually increases in drought as
an avoidance strategy, allowing resources to be allocated to roots for water and nutrient
uptake, although decreases have also been observed. Continued root growth can reduce
crop failure risk but may compromise shoot growth, especially if roots die back during
drought; plants may reinitiate growth when conditions improve. The degree of drought
governs these root adaptation strategies.

Leaves can provide essential information on plant adaptation and evolution under
climate change. They form the largest external surface of the plants for exchange with
the environment, and may adapt to the warming climate via morphological and
physiological changes in order for plants to survive. Expanding or thickening leaf has
been observed as a response to increased temperature, allowing increased CO_2
absorption for photosynthesis. Furthermore, increased leaf size and specific leaf area
can enhance photosynthetic capacity and stomatal conductance, leading to improved
CO_2 assimilation. Linear particle size reduction was also observed as a plant adaptation
under drought conditions, which can optimize leaf function and minimize water loss.
Despite these adaptations, plants often constantly optimize photosynthetic assimilation
by adjusting leaf physiological traits and gas exchange variables, revealing an inherent
balance within environmental constraints. Therefore, the morphological adaptation of
expanding or thickening leaves and reducing particle size can optimize photosynthetic
capacity and improve the survival chances of the plants under climate change.
Phenological Changes

Changes in the timing of plant phenological events such as flowering, leaf unfolding,
and leaf fall have been widely reported, as expected due to the high plasticity of
phenological responses. Observational studies dating back over 100 years have
documented the influence of temperature on the onset of spring growth in temperate
trees, with the phenology of many species strongly linked to spring heat accumulation.
Consequently, much attention has focused on shifts in flowering time; global warming
has caused spring-flowering species to bloom earlier in many regions. The timing of
flowering and when plant leaves start to grow are vital for the survival of plants. With
rising temperatures, spring flowering advances and fall growth delays extend the
duration of the growing season in many species.

Temperature shifts influence the flowering dates of plant species; a 1°C change can
alter flowering by 5 to 7 days on average. Plants respond differentially to warming
during major flowering periods; where temporal flexibility exists, that capability is
facilitated. Vernalization requirements for many species are easily satisfied with chilling
in winter; large plant or population differences could not be tracked in analysis of
regional phenology records. Many rapidly flowering species flower at an early stage
without delay while others may flower late; an important influence of temperature on
development rate is recorded. An alternative response occurs in the slow development
period immediately before the flower is visible, as with Allison’s aromatic species. The
rate of growth to flowering can accelerate more than timing would require, particularly
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as late summer temperature levels are approached. Sugar beets, for example, show
similar behaviour and the temperature response at this stage can be modelled. This
work contributes toward spatial modelling of historic flowering fields. Regions
characterised by late around mid-to-late April tend to show the greatest rate of change.
Comparison between individual sites with similar ascents of spring temperature appears
less successful and plant responses become confused. Plants that initiate flowering early
in the growing season, e.g., Crocus and Primula, remain largely unaffected by
temperature change and the climate signal is weak with no indication of moving forward
or backward significantly during the observations.

Understanding changes in plant growth throughout the year—under the overarching
concept of phenology—is an imperative global challenge and represents a major tool in
predicting ecosystem responses to climate change. Phenology is the study of recurring
events in the life cycle of plants, animals, and microbes and their relationship to climate.
It observes and predicts seasonal timing of events in relation to climate. Some plants
adapt rapidly to climate change, and new studies find that the timing of growth is shifting
under warmer temperatures, as observed in fossil evidence. Plant growth is governed
by four main factors: daylength (photoperiod), temperature, water availability, and
nutrient availability. Among these, daylength varies little from year to year and across
locations, rendering it a generally ineffective timing mechanism and poor guide to
suitable sites for growth. Both temperature and water availability, on the other hand,
exhibit substantial variation between locations and across years, but, together, these
environmental factors provide a highly efficient set of signals that plants can use to
initiate growth in the spring, continue growth throughout the summer, and cease growth
near the approach of the winter season. After winter, the prospective first flush of growth
often comes in the form of first-generation leaves, bud break, and the first bloom of
flowers (or the initial primary use of stored carbohydrates). Of these, the timing of bud
break can be quite a precise guide to the date of initiation of growth after winter rest, as
it is a conspicuous event occurring only at the beginning of the growing season. Model
estimates of the date of bud break can be utilized to derive a simple metric that captures
the bulk of the annual variation in temperature- and water-driven seasonal growth
patterns within a given geographic area.

Genetic Adaptation Mechanisms

Both physiological attributes and morphological characteristics of plants can be
affected by climate change. If plants are not able to adapt, a decline in their reproduction
or survival can be expected. Natural selection requires that genetic variation exists
across a particular set of traits so that one variant confers higher fitness than the others.
Only then can one expect systematic adaptation of forms to selective pressure. Climate
change adaptation may occur via standing genetic variation within natural populations;
selection can also be rapid if the variance is large. Selection may act in concert with
phenotypic plasticity if the plasticity directs phenotypes closer to the new optimum.
There is convincing evidence of climate change adaptation in many plant populations,
as numerous studies demonstrate that selection increases the frequency of phenotypes
with earlier flowering in several species.

Plants face multifarious stresses associated with climate change and are consequently
becoming less vigorous and healthy. Over time, natural selection can lead to adaptation
within the population of a species, with genotypes well suited to a new environment
becoming more prevalent, while less well adapted ones decline. Numerous examples of
genetic adaptation to different environmental conditions are recorded in the botanical
literature, and many such evolutionary responses to climate change can reasonably be
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anticipated. When the environment changes, organisms—plants included—can respond
in several ways. If conditions become less favorable, individuals less well adapted to
the environment pass on fewer genes, while those relatively better adapted reproduce
more successfully. As a result, genotypes suited to the new environment increase in
frequency. The potential for these evolutionary responses depends on the genetic
variance of individuals exposed to new environments. Experiments simulating drought
conditions have revealed adaptive differentiation among populations. Analysis of
response vectors showed that trait evolution tended to “rescue” populations from the
grandmother’s climate but “refuge” populations from the great-grandmother’s
environment, indicating which populations were well adapted to the existing climate
and which suffered consequences of climate change. Understanding these patterns offers
a robust framework for anticipating adaptive frequency shifts in natural populations
subjected to extreme events.

Genetic adaptation represents an enduring means by which plant species contend
with climate change. Through natural selection acting on genetically determined
variation, populations frequently adapt to prevailing environmental conditions across
a species’ distribution. As the climate alters, these adaptive states and the geographic
patterns of variation may change accordingly. Variation in genetic variation among
populations defines the capacity for evolutionary change, with the scale of gene flow
influencing the geographic breadth of such adaptation. Populations with reduced
genetic variation or long generation times remain particularly vulnerable to climatic
shifts. Nevertheless, considerable genetic diversity and differential climatic responses
persisted over large portions of plant species’ distributions under glacial-interglacial
cycles. Such genetic resilience may confer enduring adaptive potential for many taxa,
even under rapid climate change.

Drought and Water Stress

Water is a major constituent of a plant’s biomass and an important parameter for
the structural stability of plants. Drought, caused by insufficient rainfall, is the most
damaging abiotic stress affecting plants. Under drought conditions, plants respond
through morphological, physiological, and molecular mechanisms. Understanding the
adaptive mechanisms employed by plants to mitigate drought-associated damage is
crucial for improving productivity and enhancing tolerance in the face of global food
shortages. The main drought-response strategies include drought escape, avoidance,
tolerance, and recovery. Drought escape enables plants to complete their life cycle before
the onset of severe water deficit by accelerating development through early flowering
and increased growth rates. Drought avoidance strategies maintain higher tissue water
potential than the surrounding environment through stomatal closure, leaf rolling,
root architectural modifications to enhance water uptake, and increased root surface
area. These mechanisms reduce transpiration without severely limiting photosynthesis.
Drought tolerance refers to the ability to maintain metabolic activity at low tissue water
potential by triggering specific gene expression and metabolic pathways that enhance
cellular protection and repair. Experiments have shown that wheat can avoid drought
through rapid growth during periods of high water availability, maintaining favorable
water relations and sustaining yields despite exposure to water stress during later
growth stages. Plants encounter two predominant types of drought stress: transient
drought, where moisture deficits are alleviated by precipitation events during the
growing season, and terminal drought, characterized by the sustained absence of water
that terminates the reproductive phase. Terminal drought is common in Mediterranean
climates and semi-arid regions and has led to the development of drought-resistant
cultivars with notable success. Plant water use involves complex trade-offs among
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demands for carbon acquisition, growth, and survival, which are shaped by adaptive
strategies and must be balanced to optimize performance under varying drought
conditions.

Plants respond to water limitation associated with drought through escape, avoidance,
tolerance, and recovery. Drought escape is the ability to complete the life cycle prior to
the onset of severe water stress by adjusting the phenology in response to water-deficient
conditions. Drought avoidance permits plants to maintain relatively normal
physiological processes under mild or moderate drought conditions by modifying
morphological structures such as stomatal conductance, leaf rolling, cuticular wax
accumulation, or altering growth rates that reduce water loss or enhance water uptake,
for example, increased root length or cash crop early vigour. Drought tolerance allows
continued normal physiological activities despite a low plant water potential by
regulating genes and metabolic pathways to repair damage caused by drought,
minimizing the consequences of cellular dehydration and the adverse effects of
secondary stresses such as oxidative and thermal damage. Drought recovery is the
ability to resume growth after exposure to a severe water deficit. Together, drought
avoidance and drought tolerance are considered drought resistance, defining the plant’s
capacity to survive and reproduce in environments with limited water availability.
Plant-Soil Interactions

A changing climate alters plant interactions with rhizospheric communities, which
in turn influence plant growth, development, and responses to environmental stresses.
Plants respond to climate change by modifying root exudation patterns, thereby
reshaping the rhizosphere microbiome. These shifts indirectly influence nutrient
availability and uptake. Although climate change adversely affects indigenous and
beneficial soil microbes, certain microorganisms that share space and resources within
the rhizosphere adapt to the altered environment more rapidly than plants do.
Phenotypic plasticity thus enables microorganisms to evolve faster and become more
stress tolerant. Climate change directly impacts soil nutrient cycling; root and microbial
communities play major roles in shaping soil nutrient assemblages, whereas the soil
environment dictates the structure and activity of these communities. Root systems
and associated microbes produce extracellular enzymes that catalyze nutrient
mobilization from organic matter, thereby influencing nutrient availability for plants
and microbes. These processes regulate soil nutrient composition and drive feedback
responses in plant—soil interactions and nutrient cycling—an essential mechanism for
plant adaptation.

Microbial communities, influenced profoundly by climate change, modulate
environmental pressures on plants and soil. Rising temperatures, altered precipitation,
and shifting soil attributes cause genetic, metabolic, and physiological changes within
microbial populations. Whereas native plants co-evolve with distinct root microbiomes,
climate-disrupted habitats foster novel microbial assemblages (Latif Khan, 2023) (Shree
et al., 2022). Investigations reveal that elevated CO2 concentrations alter microbiome
composition and activity, governing ecosystem C balance due to pronounced root—
microbe dependence. Furthermore, climate change shifts dominant crop species and
associated microbial communities, disrupting biomolecular feedback to soil and plants.
In turn, above- and belowground plant parts recruit distinct microbiomes, dictating
stress resilience. Climate-induced changes in root traits—such as morphology, volume,
and carbon exudation—influence microbial recruitment and nutrient uptake. Soil
characteristics directly regulate microbial growth under stress, alongside temperature
adaptations, where dominant taxa exploit resources more efficiently. Effective symbiotic
partnerships between soil and microbes promote crop growth by supplying nutrients
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and enhancing mineral solubilization, metabolic activity, and nitrogen fixation.
Conservation Strategies

The intensified risk of climate change to species survival has led to considerable
efforts to mount effective conservation actions aimed at protecting ecosystems and
restoring disturbed habitats. Recent decades have witnessed broad adoption of
approaches that encompass species conservation, habitat restoration, assisted migration,
ex situ conservation, and seed-banking. Plants have responded physiologically and
morphologically to surviving in less than ideal environments. These responses include
increased photosynthesis and altered respiration as well as changes in efficiency of
water use. Protection of vulnerable species has been attempted by seed bank storage or
in vitro storage of cloned material, thereby preserving genetic diversity. Following
storage, successful re-establishment of a species may be difficult if the original natural
habitat has altered. Restoration ecology offers promise, but may have to reconcile
climatic change variables and socio-economic factors in long-term plans. Increased
carbon dioxide results in increased photosynthesis and a decrease in stomatal
conductance that, in turn, induces an increase in water use efficiency. Expected changes
in stomatal conductance can alter the nature of plant—soil interactions in terms of water
uptake and nutrient acquisition, thereby sensitizing them to the soil microbiome. The
increased temperature will bring about higher respiration rates, lower fertility, and
shorter reproductive cycles. The major governing factors affecting the prevalence and
persistence of species are temperature and moisture regime. Species cannot endure
across a broad range of conditions but preferences for particular ranges create local
habitats. Selection pressures for heat and cold resistance apply during the active growing
periods of plants.

Restoration ecology and conservation biology define restoration as human-assisted
recovery of an ecosystem to its condition prior to disturbance. Conservation strategies,
including ex situ conservation methods such as seed banking, play critical roles in
maintaining endangered plant species and restoring natural habitats. Climate change
intensifies uncertainties for conservation and management actions, underscoring the
necessity for restoration and conservation strategies that support endangered species
and natural vegetation. Both restoration ecology and conservation biology address the
effects of environmental disturbances, such as climate change, on plant species; however,
their objectives differ with respect to spatial scale and temporal focus. Conservation
biology protects the persistence and integrity of populations, communities, and
landscapes, striving to maintain natural processes and biodiversity over time.
Restoration ecology works at the level of a specific site, endeavoring to return the
ecosystem to its condition before a particular disturbance.

In the face of climate-induced species shifts, improvements in understanding and
forecasting facilitate the development of new conservation approaches based on
contemporary and potential species occurrences and projections of community
reorganization. Range shifts of plant species due to changing climate conditions
influence conservation strategies that aim to conserve genetic diversity and promote
inherent adaptive evolutionary processes. Small, isolated populations are particularly
vulnerable to extinction; thus, maintaining gene flow between populations is essential
for genetic diversity and increases the ability to adapt to a changing climate.

Future Research Directions

The rapid pace of climate change necessitates a deeper understanding of its impact
on plant life. Adapting to these environmental challenges requires continuous research
into the mechanisms by which plants respond, survive, and maintain productivity.
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Future studies should prioritize the adoption of novel technologies to dissect these
complex biological interactions. Additionally, a multidisciplinary approach that
integrates knowledge from genetics, physiology, ecology, and modern data analysis is
essential to develop effective strategies for protecting plant biodiversity and ensuring
sustainable agricultural systems under changing climatic conditions.

Botany underpins the study of plant responses to a rapidly changing climate.
Emerging technologies in digital imaging and machine learning provide unprecedented
opportunities for societies to develop resilient cropping systems; greatly improve the
protection of natural vegetation; and strengthen food chain management. India is
actively seeking strategies to leverage these advances in botany to enhance biodiversity
and agriculture. In response to climate change, plants have developed numerous
survival strategies. Physiological responses include modifications to photosynthesis,
transpiration, respiration, and water use efficiency. Morphological adaptations affecting
roots and leaves also promote survival. Changes in phenology, such as altered flowering
times, further enable plants to cope with environmental fluctuations. At the genetic
level, mechanisms like natural selection act on existing variation to enhance tolerance,
with emergent genetic features recorded through gene regulation. The role of climate
change in driving such adaptations remains a subject of ongoing investigation.

Expanding knowledge of plant responses requires new technologies and integrative
methodologies. Combining imagery, large-scale sequencing, genome-wide analysis, and
machine learning facilitates the rapid screening of vegetative traits, gene expression
patterns, epigenetic marks, and adaptive patterns. India’s institutional framework
supports interdisciplinary investigation, ranging from managed cropping systems to
functional restoration of indigenous communities (E. Everingham et al., 2024) (Y. Xu
& Weng, 2020).

Conclusion

Recognizing the vital contribution of vascular plants to ecosystems, agriculture, and
human society, scientists have extensively studied the mechanisms underlying their
responses to global climate changes. These environmental changes create complex
Iinterplay among interacting organisms in ecosystems, rendering biodiversity and
stability essential for long-term persistence. Plants have evolved numerous adaptation
mechanisms—stress tolerance, phenological shifts, genetic changes, migration—that
enable them to survive changing environments and secure advantages. Climate change
causes an increase in average global temperature, changes in precipitation patterns
and soil water availability, and longer and hotter dry periods. The nature of the impact
depends on the plant species, the other climatic factors that act on it, and its ability to
react to the shift. Because plants are sessile organisms, they are highly sensitive to
environmental changes, reacting by altering physiological and biochemical processes,
morphology, growth, and gene expression to range shifts and evolutionary adaptations.
These physiological adaptations include strategies to avoid stress, energy-saving modes,
repair systems, and protective compounds, all converging in adjustments of development
and life cycle. Such modifications may provide an advantage to plants under the effects
of climate change, enabling survival and maintenance of elevated productivity.
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