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Stress combinations describe the simultaneous exposure of plants to two or more stresses. In the past, stress
combinations were defined as simple combinations of two or at most three different stresses, and extensive
research has been conducted in this realm. Given the escalating environmental complexity arising from heightened
levels of various pollutants and erratic weather patterns due to climate change, studies indicate a substantial
decline in plant growth and survival even when each stressor is at a relatively low level, as the number of stressors
amplifies their effects. Therefore, studying plant responses to basic stress combinations alone is inadequate for
intricate environments.Therefore, the concept of stress combinations has recently broadened, introducing a novel
approach to studying plant responses to combined stresses termed “multifactorial stress combinations”’(MFSCs).
This term denotes combinations of three or more (n = 3) stressors affecting the plant simultaneously or in
succession. The simultaneous impacts on plants come from a multitude of stressors such as anthropogenic and
non-anthropogenic biotic factors, climatic drivers, and soil-related abiotic factors.

plants stress combinations multifactorial stress combinations

| 1. Simple Stress Combinations
1.1. Abiotic Stress Combinations

Several scholars have focused on stress combinations and conducted a great deal of research. Many scholars
have focused on abiotic stress combinations to address specific stress combinations relevant to their crop or region
of interest. These include staple crops such as Zea mays and Glycine max under a combination of drought and
heat stress [, and trees in the Mediterranean region, which are vulnerable to drought and acute ozone [,
Numerous studies have highlighted the profound effects of stress interactions on plants. Combinations of drought
and heat waves, drought and ozone, or high temperature and salt have been found to have significantly more
pronounced negative effects on plants than individual stress components applied in isolation EIBI4IEI Studies have
also highlighted the positive effects of the interplay between two distinct stresses on plants. For instance, mild salt

addition alleviates plant damage caused by low-temperature stresses I,

The coupling of drought and high-temperature stress has led to a catastrophic decline in agricultural productivity.
Consequently, more research has focused on understanding the effects of combined high temperatures and
drought on plant growth and productivity B2, Recent studies have revealed that the convergence of drought and
high-temperature stress has a more detrimental effect on plant and crop growth than either stress alone. This

synergy significantly diminished crop vyield, indicating a shared defense mechanism across various plants to

https://encyclopedia.pub/entry/55057 1/9



Plant Responses to Stress Combinations | Encyclopedia.pub

compete with the combined challenges of drought and high temperatures 9. Nevertheless, various plants exhibit
distinct responses to stress combinations in terms of the degree and manner of impact. For instance, Arabidopsis
thaliana demonstrated greater susceptibility to the combined stress of salt and high temperatures than Solanum
lycopersicum 111, Cereals try to compensate for yield losses during combined drought and high-temperature stress
by greater reductions of nutrient growth and seed size compared to legumes 2213, The impact on numerous vital
food crops intensifies notably when combined drought and high-temperature stresses occur during a plant’s
reproductive stages RIBII3l Recent studies have highlighted that the sequence in which drought and high-
temperature stresses are applied does not change the plant's response to combined stress. The metabolism of
reactive oxygen species (ROS) and stomatal responses are pivotal in the adaptation of plants to combinations of

drought and high-temperature stress 8.

1.2. Abiotic and Biotic Stress Combinations

Amid climate change and heightened environmental intricacies, the intersection of abiotic and biotic stresses has
become a key research focus. Numerous studies investigating combined stresses delve into the interplay between
abiotic and biotic stressors, like the interactions between drought and pests, cadmium and pathogens, and drought
and pathogens 14BNl Reports are available indicating that certain abiotic stress conditions, such as ozone
stress, can bolster plant resilience against pathogen attacks in certain cases. However, in most scenarios,
prolonged exposure of plants to abiotic stresses, such as drought or nutrient deprivation, tends to weaken their
defenses, making them more susceptible to pests or pathogens, such as arthropods WIZEI18] Apjotic stresses play
a pivotal role in modulating plant tolerance or susceptibility to pathogens through various mechanisms, resulting in
altered plant—pathogen interactions, influenced by factors such as plant species, pathogen type, and stress

intensity [,

| 2. Multifactorial Stress Combinations

Several abiotic stresses occur simultaneously, which is more lethal to crops than specific stress conditions . The
escalating impact of climate change and environmental pollution has correspondingly heightened the multitude and
intricacy of stresses encountered by plants 2. The recent emergence of MFSCs has focused on the response of
plants exposed to three or more stress combinations simultaneously or sequentially 29, which has yielded some

important conclusions.

Studies investigating MFSCs in Arabidopsis thaliana, Oryza sativa, and Zea mays have revealed substantial
detrimental effects on plants. These findings indicate that even when individual stress levels are relatively low, the
cumulative effect significantly diminishes plant growth and survival as the number of stressors increases 211122
Additional studies have demonstrated that plants navigate multifaceted stress combinations through distinct
pathways and specialized processes [21. Analysis of various Oryza sativa genotypes reveled noteworthy genetic
diversity within its response mechanism 22, As the number of stressors in a multifactorial stress combination
increased, a consistent trend was observed in plant soil and microbial communities. This trend is aligned with the

increasing number of stress factors, showing a notable decline in diversity [20123],
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| 3. Response Mechanisms to Stress Combinations
3.1. Reactive Oxygen Species

ROS homeostasis plays a crucial role in plant survival under stress combinations, and mutants with impaired ROS
regulation exhibit high sensitivity to stress combinations 2124l |n response to stress combinations, ROS function
as pivotal signaling molecules, enabling the rapid detection of various stimuli and activation of regulatory pathways,
including stomatal movement, abscisic acid (ABA), and immune responses [23. This adjustment aids in adapting
coping strategies, establishing defense mechanisms, and restoring growth capacity 28271 Despite their role as
signaling molecules, ROS are also toxic by-products of stress metabolism. Elevated ROS levels can initiate
genetically programmed cell death [2829 plants exhibiting higher antioxidant capacities or lower ROS
accumulation typically demonstrate greater resilience to stress combinations [&. Effective detoxification of ROS is
assumed to play a key role in enhancing plant tolerance to stress combinations 22!, Recent studies on plant ROS
during stress combinations have revealed that while ROS can benefit plants amidst abiotic stresses, this is
contingent on cells maintaining sufficiently high energy reserves to detoxify ROS, which enables plants to modulate
their metabolism and craft suitable adaptive responses [28 Following exposure to stress combinations,
components such as flavanols 2, amino acids, and polyamines B9 show heightened accumulation in plants. They
act as antioxidants, preserve cellular ROS homeostasis, and mitigate plant damage caused by stress

combinations.

ROS waves are another aspect of plant response to stress combinations. ROS are produced as signaling
molecules after stress in plants and are coupled with Ca?* and electrical signals to form rapid and widespread
systemic signals called ROS waves B2 The ROS wave transmits signals to neighboring or distant cells,
collaborating with various signaling components to orchestrate a systemic response. This process effectively
regulates how plants respond to stress combinations 22! during which plants can integrate various systemic
signals, generated simultaneously, through ROS waves. These signals can be swiftly transmitted from damaged
parts, whether the same or different, to the entire plant within a few minutes B4, The speed and efficiency of ROS
signaling are correlated with the specific site of damage 2. ROS waves are considered crucial signals that
traverse through plant vascular bundles and chloroplasts 28; ROS waves serve as a warning system for cells and
tissues, signaling imminent stress. They are often accompanied by other signals that may convey specificity,
eliciting systemic acquired acquisitiveness (SAA) to safeguard against growth and defense responses. Notably,
plants without ROS waves do not exhibit SAA 8. Thus, ROS waves are crucial for plant responses to stress

combinations.

3.2. Plant Hormones

Plant hormones are other signaling molecules that plants use in response to stress combinations, coordinating
multiple signal transduction pathways under stress combinations 7. They play key roles in plant responses to
stress combinations [28l. Various combinations of stress trigger distinct physiological and molecular responses in

plants. These responses lead to alterations in the phytohormone and ROS levels, which subsequently influence
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each other 28], Therefore, the ability of phytohormones to regulate antioxidant defense systems may be crucial for
plant adaptation to stress combinations 237, Hormones such as ABA, jasmonic acid (JA), salicylic acid (SA), and

melatonin (MET) have previously been identified to play important roles in plant responses to stress combinations
[39]

ABA is a major hormone in plant responses to stress combinations, regulating stomata and altering adaptor protein
expression #9 which plays an important role in plant adaptation to stress combinations 2. ABA serves as a pivotal
regulator, controlling various response networks and bolstering plant resilience against stress combinations 411, For
example, ABA plays a crucial role in regulating the accumulation of vital proteins during high temperature and
drought stress combinations 42, Mutants deficient in ABA metabolism and signaling exhibit higher susceptibility
than wild-type plants to combinations of salinity and high temperature (111 as well as salinity and intense light
stress combinations B2, ABA accumulation is affected by stress combinations 24!, and interactions with ROS have

important effects on plant adaptation to stress combinations (L1128l

Various stresses within a combination trigger hormone-signaling interactions. Other hormones, such as JA, SA,
and MET, also participate in plant responses to stress combinations, contributing significantly to systemic signaling
integration in plants 3. JA plays a key role in the plant response of Arabidopsis thaliana to the combination of
high-light and high-temperature stresses 43 and SA mitigates the damaging effects of combined drought, high-
temperature, and salinity stresses by improving the antioxidant system 41, Conversely, MET may function primarily
as an antioxidant under stress combinations 431148l: increased levels of MET under salinity and heat stress
combinations enhance ROS detoxification and improve the acclimatization of Solanum lycopersicum by specifically
regulating the expression of antioxidant-related genes, and the exogenous application of MET achieves a similar
effect [29],

3.3. Transcription Factors

Transcription factors (TFs) are pivotal in the regulation of transcriptional processes, have broad involvement in
plant growth and development, and are crucial in responding to stress combinations. Employing TFs to modulate
the expression of specific genes proves to be an effective strategy for inducing plant tolerance 444849 Recent
studies on Arabidopsis thaliana and Zea mays, under stress combinations, have revealed that these combinations
induce distinct transcriptional changes that cannot be anticipated by plant responses to individual stressors 191121,
In addition, transcriptome analyses of different soybean tissues under drought and high-temperature stress

combinations showed that each tissue responded differently to the stress combinations 29,

Studies on Oryza sativa, Helianthus annuus, and Triticum aestivum have shown that plants express specific genes
under stress combinations compared to single stresses, and that the responses to different stress combinations
can be regulated by specific TFs BUB2I53] Nevertheless, recent studies on several different stress combinations
involving heat have shown that some TF families, such as heat shock factors (HSFs), myeloblastosis (MYB), and
ethylene response factors (ERFs), may be used to enhance plant tolerance to different types of stress

combinations involving heat when stress combinations with the same factor are involved B4I33I58] These TFs play
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unique roles in stress combinations, whether they are specific TFs in stress combinations or common to different

stress combinations, and in-depth studies on their own functions and regulatory pathways may be an effective

means to reveal the regulatory pathways of stress combinations.
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