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Editorial on the Research Topic

Combined abiotic interactions in woody plants
1 Introduction

Combined abiotic stress interactions, such as the simultaneous occurrence of drought

and high temperatures, significantly impact plants’ physiology, growth, and survival. The

occurrence of multiple stressors often exacerbates the effects of each other, leading to

compounded challenges for plants (Zandalinas and Mittler, 2022). Additionally, the energy

expenditure required to combat multiple stresses can deplete the plant’s reserves, hindering

its growth and reproductive capabilities (Maurya et al.). Over time, such compounded

stresses can lead to reduced ecosystem productivity, altered species composition, and

potentially increased plant mortality rates. Understanding stress interaction effects is

essential due to the complexity of climate change, which is increasing both the

frequency and severity of droughts and heatwaves across the globe (Tripathy et al.,

2023). The impact of these two stressors can have devastating effects on sites already

affected by other abiotic stressors such as higher soil salinity, heavy metals or other ecotoxic

chemicals. Moreover, the land use legacy can also amplify negative impact on trees,

especially in urban ecosystems (Cui et al.). The articles in this Research Topics explored the

effects of drought and heat stress, light availability and heavy metal stress on the growth and

physiology of trees.
2 Drought and heat stress

The co-occurrence of drought and heat stress is one of the most common stress

interactions in nature. Drought conditions can limit water availability, reducing the tree’s

ability to cool itself through transpiration, while high temperatures can increase water loss

and further strain the tree’s water balance. The heat stress can also damage photosynthetic

apparatus thus further negatively affecting the carbon balance and growth (Yuan et al.). The
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heat-drought stress combination can therefore lower water uptake,

impair photosynthesis, reduce water-use efficiency, increase

reactive oxygen species (ROS) generation, reduce growth and

heighten mortality risk. The abiotic stressors can also weaken the

tree’s overall health, making it more susceptible to diseases and

pests (Teshome et al., 2020). There are multiple options with which

we can try to reduce the negative impact of drought and heat stress

in forest ecosystems. The application of N can improve the water-

use efficiency and growth of drought prone forests in desert regions

(Bai et al.). Besides, the exogenous application of plant

phytohormones such as auxins, cytokinins, gibberellins, abscisic

acid, salicylic acid, jasmonic acid etc. whether prior to or concurrent

with the onset of drought and heat stress, has been demonstrated to

enhance thermotolerance in plants and to facilitate the maintenance

of internal water balance (Paul et al., 2018; Li et al., 2021; Seleiman

et al., 2021; Huang et al., 2023). Another important co-factor that

can positively improve drought tolerance of forest ecosystems is the

selection of drought resistant clones or cultivars (Vuksanović et al.).
3 Light, water and temperature

An important factor of the drought-heat interaction in forest

ecosystems is the light availability. The incoming light intensity is

affected by overall stand structure, tree density and canopy

arrangement . The open canopy forests show greater

photosynthetic efficiency and growth (Čater et al.), but at the

same time provide less shade and therefore less optimal

microclimate under drought and heat stress in regard to water

balance (Zavadilová et al., 2023). The incoming light quantity also

affects the nutrient availability and accumulation in leaves. The trees

in forest understory have a higher leaf N/P ratio than ones in forest

edges or gaps (Zhang et al.). The higher N/P ratio can positively

affect photosynthesis and synthesis of secondary metabolites, but

can negatively impact ATP production and overall metabolic

activity. The interaction between light availability and abiotic

stressors is still under-explored for tree species. New research in

this direction is especially needed as thinning, the most common

practice in forest management to alter the canopy structure and

light regime in forest ecosystems.
4 Drought and heavy metal stress

Drought and heavy metal stress interact synergistically in

plants, creating a compounded adverse effect on their physiology

and growth. Drought conditions limit water availability, causing

stomatal closure to reduce transpiration, which in turn restricts CO2

intake and diminishes photosynthetic efficiency. Concurrently,

heavy metal stress, caused by elements like cadmium, lead, and

arsenic, disrupts root function and nutrient uptake, further

impairing water absorption and leading to additional dehydration

(Sitko et al., 2021). This combination exacerbates nutrient

imbalances as heavy metals compete with essential nutrients, such

as calcium and zinc, for uptake. Both stresses independently

generate ROS, but together they significantly elevate ROS levels,
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overwhelming the plant’s antioxidant defenses and causing

extensive cellular damage (Kostić et al.). Exogenous application of

phytohormones or other biotechnological compounds, such as

salicylic acid, can alleviate or reduce the negative impact of the

combined drought and heavy metal stress (Torun et al.). The

understanding of the interaction of heavy metal stress with other

abiotic stressors, as well as, the effectivity of biotechnological

applications is critical for phytoremediation and land

remediation practices.
5 Concluding remarks and
future perspectives

In conclusion, the interplay between multiple abiotic stressors,

such as drought and high temperatures, exerts a profound impact

on the physiology, growth, and survival of plants. The simultaneous

occurrence of these stressors amplifies their individual effects,

presenting compounded challenges that strain the energy reserves

of plants and hinder their growth and reproductive success.

Understanding these interactions is crucial, especially in the

context of climate change, which is intensifying the frequency and

severity of droughts and heatwaves globally. The detrimental effects

of combined stresses are even more pronounced in environments

already compromised by other abiotic factors like soil salinity,

heavy metals, or ecotoxic chemicals. Future research should

include multi-stress studies with more than two stressors.

Moreover, there is a gap in knowledge regarding the impact of

seasonal timing (spring vs. summer), severity and stress duration in

trees. The research focused on biotechnological applications or

breeding with regard to multiple-stressors is also needed to reach

effective adaptation strategies for climate change.
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