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Abstract

Environmental phenomena often create stressful situations for plants, significantly impacting their metabolism. This
can lead to development problems and, thus, drops in production and final quality. Depending on the plant, biotic and
abiotic stresses can reduce average plant productivity by up to 90%. Abiotic stresses, in particular, are linked to
environmental factors that are indispensable for development and production but can become limiting under certain
conditions. For example, water is essential for plant growth in water stress, but deficiency can cause severe damage, as
can excess, leading to water stagnation and root asphyxia, compromising final yield. All environmental factors, under
extreme conditions, can be dangerous for crops, so it is necessary to know all the physiological aspects to which plants
are subjected, which come into play following stress, to control it better.
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1. Introduction

In agriculture, abiotic stresses are defined as environmental pressures that can reduce the potential productivity of
plants. In agricultural production, environmental stresses of various kinds are considered the main factor that can affect
quality. Stress related to sudden changes in temperature, light intensity, nutrient resources change from optimal values,
plant damage can occur and, in the worst cases, lead to plant death [1-2]. Abiotic stresses cause a significant reduction
in production potential and can cause major losses. The stresses that can cause the most damage and on which research
is working to implement genetic improvement strategies are those induced by salinity, water shortages, thermal
stresses, and the depletion of nutrient resources [3]. Undoubtedly one of the stresses that cause problems from an
agronomic point of view is that of hypoxic conditions, which are often caused by prolonged flooding of the soil, excessive
concentrations of nutrients or heavy metals, damage caused by rain or wind, or the mechanical stresses to which flowers
and fruit are subjected during processing and storage [4-5]. Other critical stresses can be those related to the time of
germination or transplanting or the reduction of the volume of soil or substrate, the high cultivation densities often
found in greenhouses. In several cases, stress is linked to other stresses, the interaction of which may cause more
significant damage [6]. Stresses can be divided into various levels according to their importance primary, secondary
and tertiary. In cold stress, the leading cause is undoubtedly the sudden drop in temperature, which is associated with
water imbalance.

On the other hand, water stress appears as a secondary cause in high temperatures, which is often associated with
tertiary nutritional stress. In many cases, there is a combination of biotic and abiotic stresses occurring at the same time.
Fungal attacks, which can lead to water stress due to blockages in xylem flow, result in plant death [7-8]. In many cases,
on the other hand, plants are more susceptible to disease when optimal soil temperatures or substrates are not present,
resulting in increased root death, for example. The degree of perception of environmental stimuli and adaptation to
various types of stress varies in each plant species [9]. Indeed, adaptation involves hormonal changes that may increase
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or decrease depending on stress. The combination of several plant hormones enables the plant's response to different
types of stress [10-11]. The hormones most involved in abiotic stresses are generally auxins and cytokinins, ethylene
and abscisic acid, which, by changing their levels within the plant, play a fundamental role in the plant's adaptation to
climatic and environmental stresses. This review describes different plant hormones' physiological processes and
activity under different stress situations.

2. Influence and modulation of ethylene in plant physiological processes

The gas-type hormone ethylene is considered the simplest due to its chemical composition. For several years, its gaseous
nature concealed its effect on plants. In the mid-1900s, several studies highlighted its importance in the various stages
of plant development, from its synthesis to its role in leaf abscission. Ethylene is considered a natural product of plants
capable of influencing many physiological processes throughout the life of plants in shallow doses [12-13]. All organs
produce it, but its biosynthetic capacity varies from organ to tissue. It is mainly synthesized in biotic and abiotic stress
situations. The productivity and quality of the plant are inversely proportional to the concentration of ethylene in the
environment, an aspect found especially in post-harvest trials on Lilium (Figure 1). Generally, a significant reduction in
production is found when the ethylene concentration reaches up to 100 nmol mol-1 in the air. The production of this
hormone is linked to the presence of critical enzymes that act in consequential reactions. Methionine, s-adenosine-
methionine and 1-aminocyclopropane oxidase lead to the formation of ethylene with the formation of carbon dioxide
and cyanide. During the growth and differentiation phases, plants are characterized by high ethylene production,
decreasing when they reach maturity. The ethylene peak in some cereals is found in the fast-growing stages when the
plants' respiration, photosynthesis and nutrient uptake are at their maximum. An increase in ethylene production under
temperature, water and mechanical stress has been found in various types of research [14-15]. Conditions of root
asphyxia due to flooding or soil compaction lead to increased ethylene production. In many plants subjected to oxygen
deficiency, ethylene activates the process of programmed death, with the formation of aerial pockets at the root level.
Cell death is precisely at the expense of the cells that succumb under anoxic conditions [16]. The programmed cell death
of root cells is all the faster; the higher the calcium concentration, the increased ethylene production under these
conditions. Various research has shown that although ethylene production does not vary, the genes activated for the
same biosynthetic pathway are the same, giving the plant certain flexibility that enables it to respond more precisely to
any stress [17-18-19].

Figure 1 Analysis of ethylene production, senescence hormone in Asiatic Lilium

3. Growth hormones and their interactions with environmental stresses

Cytokinins are organic molecules that play a role in most aspects of plant growth and development, including cell
division, sink/source relationships, vascular development, chloroplast differentiation, apical dominance and
senescence. These effects of cytokinins often result from interactions with other plant hormones and signals from
outside the plant: one of the first studies on this hormone indicated that the interaction between auxins and cytokinins
was decisive for the type of organs regenerated from undifferentiated callous tissue in vitro. Other studies explained
the elements involved in the cytokinin-related signal chain in more detail. Of the many compounds with auxinic activity,
indol-3-acetic acid (IAA) is undoubtedly the most widespread in the plant world [20-21]. The simultaneous action of
auxins and cytokinins has already been studied for several years since cytokinins were identified for their ability to
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stimulate, together with auxins, cell division in vitro cultures. The concentration of cytokinins and auxins is crucial in
determining the type of organs regenerated from undifferentiated callous tissue in vitro: a callus placed on a substrate
with a high cytokinin/auxin ratio produces many shoots and few roots.

In contrast, a callus placed in a substrate with a low cytokinin/auxin ratio produces mainly roots. Studies on auxins and
cytokinins have shown how these phytohormones interact in plant physiological processes related to plant
development, cell division, root development, senescence and tissue differentiation [22]. Studies have shown that the
levels of auxins and cytokinins are intercorrelated; thus, changing the quantity of one hormone affects the other. The
increase in auxins generally leads to a lowering of cytokinins. Auxins lead to an increase in cytokinin catabolism by
stimulation of the cytokine oxidase enzyme and rapidly suppressing cytokinin biosynthesis. An increase in cytokinin
levels leads to an increase in auxin levels, as found in Nicotiana plants. Applications of cytokinins to maize and pea
increased 1AA [23].

Many authors have pointed out that cytokinins probably influence auxin levels through developmental changes rather
than direct effects [24]. Ethylene biosynthesis is modulated by various plant hormones such as cytokinins, jasmonic
acid, brassinosteroids, auxins, and ethylene. Studies have shown that there are numerous interactions between these
hormones. In Arabidopsis, auxins and cytokinins administered separately stimulate ethylene production, but with both
hormones, a significantly increased biosynthesis is achieved [24-25]. Recent studies suggest that auxins and cytokinins
increase the levels of transcripts from three ACS genes, whereas cytokinins alone stabilize the proteins obtained.
Cytokinins also play a crucial role in delaying leaf senescence, usually linked to decreased cytokinin content in leaf
tissue. Exogenous applications of cytokinins inhibit the degradation of chlorophyll and photosynthetic proteins.
Decreases in cytokinin levels have been observed in response to water stress conditions. Mild water stresses showed
no changes in cytokinin levels, whereas more severe water levels increased cytokinin levels [26]. Many experiments
have shown interactions between abscisic acid and cytokinins at different levels. Cytokinins may operate not only at the
level of guard cells by alleviating the effect of ABA but may also partially inhibit the accumulation of ABA-induced by
water stress. However, changes in foliar ABA content and cytokinin content and composition during water stress and
subsequent rehydration, as well as the interaction between ABA and cytokinins, are species-specific. However, a more
rapid modification by the plant of the ABA/cytokinin ratio following water deficit exposure could result in a better and
more efficient adaptation to stress situations [27-28].

4. Physiological processes involving gibberellins

Gibberellins (GA) are generally classified based on chemical structure and named with a sequence number, indicating
the identification order. GA is usually produced in young tissues, including germinating seeds, but also in mature leaves.
GA promote stem elongation by stimulating both cell division and distension; they stimulate flowering or pre-flowering
in many plants; they break the dormancy of those seeds that require stratification as a pre-germination treatment; in
cereal caryopses, they activate the synthesis of the enzyme alpha-amylase necessary for the mobilization of starch
reserves; they can induce the development of parthenocarpic fruits in several cultivated species, and they slow down
leaf and fruit senescence [29-30]. GA plays an essential role in shade syndrome, triggered by particular growing
conditions and has important practical implications, especially in the greenhouse cultivation of potted ornamentals.
Many environmental and cultivation factors are responsible for the spinning of greenhouse plants, such as abundant
watering and fertilization, high temperature, absence of wind and UV radiation. The most important factor, however, is
the high cultivation density [31]. The plants' quality of light is detected through various photoreception systems linked
to the presence of pigments: phytochrome, cryptochrome and a more or less well-identified UV light receptor. The
shading syndrome appears to be regulated by phytochrome. Through the phytochrome, the plant is thus able to perceive
the presence of neighbouring plants and initiate morphological changes that increase its competitiveness, e.g. through
increased interception of photosynthetically active radiation [32]. GA appear to be involved in signal transduction;
several works have shown how stem elongation mediated by phytochrome or stimulated, in some aquatic plants, by
ethylene, depends on an increase in GA activity, linked to increased synthesis and sensitivity of the tissues involved.
Some authors have observed that specific morphological effects such as leaf hyponasty and stem and petiole elongation
are regulated independently [33-34]. Hyponasty can also occur independently of ethylene, but GA synthesis is also
required when this hormone is involved. In contrast, stem and petiole elongation always requires GA synthesis,
regardless of the type of signal that induces the response.

5. Water stress in plants

Water can limit the growth and productivity of crops virtually everywhere, either because of sudden dry spells or
because of typically low rainfall, which makes irrigation necessary. Cell growth appears to be the most sensitive

69



International Journal of Science and Research Archive, 2023, 08(02), 067-073

response to water stress [35]. A decrease in external water potential leads to a significant decrease in cell growth and,
thus, in both root and shoot growth. Some authors have attributed this sensitivity to the frequent observation that many
plants grow mainly at night when there is less water stress. Usually, the inhibition of cell relaxation is immediately
followed by a decrease in cell wall synthesis. Protein synthesis can be equally sensitive to water stress [36-37-38]. These
responses are only observed in actively growing tissues; it has long been observed that cell wall synthesis is dependent
on cell growth. The effects on protein synthesis are controlled at the translation level, i.e. at the level of ribosomal
activity. Many types of research indicate that the activity of certain enzymes, particularly nitrate reductase and
phenylalanine ammonia-lyase (PAL), decreases rapidly with increasing water stress [39].

In contrast, other enzymes, such as alpha-amylase and ribonuclease, increase activity. Nitrogen fixation also decreases
with water stress, which is consistent with the decrease in nitrate reductase activity [40]. Cell division is also inhibited
at the stress levels that cause the observed changes in enzyme activity. In addition, stomata begin to close, which leads
to a decrease in transpiration and photosynthesis. ABA usually appears to play a role in plant water stress resistance.
Most studies have been carried out with cultivars of both drought-sensitive and drought-resistant plants. Generally,
resistant cultivars show a higher ABA content when stressed, whereas sensitive cultivars can be phenotypically
converted to resistant types by ABA treatments. Plant growth is susceptible to water stress, and production can
decrease significantly even in moderate drought conditions. During water stress, cells are smaller and leave develop
less, so less surface area is available for photosynthesis. At certain stages, plants can also be susceptible to moderate
drought, as occurs in maize during the formation of the stem inflorescence. Stress responses are, therefore, plastic, even
in the case of moderate water stress [41].
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Figure 2 Abiotic stress signalling in plants

6. Plant resistance and response mechanisms to abiotic stresses

Plants can acclimate to different stressors, developing a tolerance to the stressor that induced the variation and often
to other factors (Figure 3) [42]. Plants under conditions of low water potential, high light intensity or in the presence of
other factors, such as high phosphorous and low nitrogen, become drought-tolerant compared to plants of the same
species not treated in the same way. Most species that survive freezing temperatures tolerate some ice formation in
their tissues [43-44]. Generally, more resistant plants survive with a higher frozen water content than less resistant
plants. There are several mechanisms of resistance. Frost resistance typically develops when plants are subjected to
relatively low temperatures (e.g. five °C) for several days. Sometimes temperatures of -5°C are necessary to achieve
maximum acclimatization. In several species, acclimatization is induced by short-day conditions, and there are
indications that a stimulus may be transported from the leaf tissue to the stem [45-46-47]. The development of frost
resistance is a metabolic process that requires an energy source: apparently, this could be light and photosynthesis. Salt
resistance can be significantly increased by exposure to high salinity conditions. Many hypotheses have been put
forward to explain tolerance and acclimatization; some are shared by all types of stress [48]. Under severe water stress,
the viscosity of the protoplasm usually increases, often to the point where the protoplasm becomes friable. Some plants
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retain protoplasmic plasticity much better than others at a certain degree of water stress, and their degradation of
starches and proteins is less appreciable [49].

Abiotic stress Biotic stress

Negative impact of non living
environmental factors

Negative impact of living
environmental factors

water pathogen
temperature insect
salinity
herbivore
nutrient

Figure 3 Causes of biotic and abiotic stresses on plants

7. Conclusion

An important branch of environmental physiology concerns how plants and animals respond to environmental
conditions that differ significantly from those that appear optimal for the organisms in question, or in a broader sense,
for organisms in general. This is stress physiology, a field of ecophysiology that can describe the limiting factors of plant
distribution. Even in this area, studies are directed towards the study of the limitation of agricultural production under
adverse environmental conditions. Furthermore, most studies on abiotic stresses are generally conducted in a
controlled environment and therefore do not adequately reflect the conditions in the field. Furthermore, using the
knowledge gained to obtain plants with high-stress tolerance makes it problematic. Therefore, it is necessary to expand
the study of how plants react to environmental phenomena and the role that plant hormones play in the processes of
perception and signal transmission in the presence of different types of stress.
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