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Annotation 

Maintaining hormonal balance in plants is a significant challenge, and it becomes even more critical under 

environmental stress conditions, which lead to plant stress, whether biotic or abiotic. This is because plant hormones, 

in conjunction with other molecular signals, determine the direction of growth (increase or decrease), its extent (cell 

number and size), its nature (vegetative or reproductive), and the plant's response to the surrounding environmental 

conditions. This makes hormonal imbalance a critical existential challenge for plants. The increase in CO2 has multiple 

effects on hormonal balance and, consequently, on plant growth and productivity. It boosts hormones that promote 

vegetative growth while reducing inhibitors, stimulating important processes such as chlorophyll production and 

preservation from degradation, enhancing photosynthesis efficiency, improving nutrient absorption from the soil, 

maintaining water balance, and increasing the efficiency of transport processes within the plant. This results in an 

increase in the biomass produced per unit area, which is beneficial. However, it could also lead to excessive vegetative 

growth, shading of lower leaves, and a delay in reaching the reproductive growth stage, potentially reducing the harvest 

index despite an increase in total dry matter. Although increased CO2 enhances the plant’s tolerance to heat stress, 

elevated temperatures do not only represent heat stress but also water stress due to rapid evaporation. This can lead to 

soil salinization because salt accumulation causes ionic and oxidative stress. This imbalance in hormonal, nutritional, 

and oxidative systems is difficult to predict with precision, but it generally represents a disruption in the system that 

hinders the plant's healthy growth. Additionally, it increases the plant's susceptibility to serious fungal diseases. 

Therefore, addressing the increase in CO2 using all available means is a necessity, not a luxury. Permanent changes in 

the climate may occur that cannot be reversed, such as large floods, hurricanes, wildfires, droughts, dust storms, and 

the resulting famines and compounded disasters. 
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: مقالة  اختلال التوازن الهرموني في النباتات زيادة ثاني أكسيد الكربون في البيئة وتأثيره على 

 مراجعة.
 4عمار الزبيدي، 3بشرى شاكر العبيدي، 2طارق خليل مسعود، 1بشير عبد الله إبراهيم

 قسم علوم المحاصيل الحقلية، كلية علوم الهندسة الزراعية، جامعة بغداد، بغداد، العراق.4،1
 قسم علوم التربة والموارد المائية، كلية علوم الهندسة الزراعية، جامعة بغداد، بغداد، العراق.2

 قسم علوم المحاصيل الحقلية، كلية الزراعة، جامعة الأنبار، العراق.3

 

 تعليق توضيحي: 

كبيرًا، ويصببببك ركأر رةمية في ظل ظرولإ ااجهاد البي ي، سبببوا  يعُتبر الحفاظ على التوازن الهرموني في النباتات تحديًا 

(. يعود ذلك إلى رن الهرمونات النباتية، بالتعاون مع إشارات جزي ية رخرى، تحدد abiotic( رو غير حيوي )bioticكان حيويًا )

البي ية    اتجاه النمو )زيادة رو نقصان(، ومداه )عدد وحجم الخلايا(، وطبيعته )نمو خضري رو تكاثري(، واستجابة النبات للظرولإ

 المحيطة. مما يجعل اختلال التوازن الهرموني تحديًا وجوديًا بالغ الأةمية للنباتات.

ز  تؤدي زيبادة ثباني ركسببببيبد الكربون إلى تبتثيرات متعبددة على التوازن الهرموني، وببالتبالي على نمو النببات وإنتباجيتبه. حيب  تعُز 

الهرمونات التي تشببببجع على النمو الخضببببري وتقلل م  مأبطات النمو، مما يحفز عمليات ةامة مأل إنتاو الكلوروفيل والحفاظ 
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عليه م  التحلل، وزيادة كفا ة التمأيل الضبببوئي، وتحسبببي  امتصبببات المغليات م  التربة، والحفاظ على توازن الما ، وزيادة  

كفا ة عمليات النقل داخل النبات. يؤدي ذلك إلى زيادة في الكتلة الحيوية المنتجة لكل وحدة مسبباحة، وةو رمر مفيد. ومع ذلك، قد 

رط، ما يسبب  تظليل الأوراق السبفلى وتتخر الوصبول إلى مرحلة النمو التكاثري، مما قد يقلل م  يؤدي ريضبًا إلى نمو خضبري مف

مؤشبببر الحصببباد رغم زيادة المادة الجافة ااجمالية. وعلى الرغم م  رن زيادة ثاني ركسبببيد الكربون تعزز تحمل النبات ل جهاد 

ا إلى إجهاد مائي نتيجة التبخر السببريع. وقد الحراري، إلا رن ارتفاع درجات الحرارة لا يمأل فقط إجهادً  ا حراريًا بل يؤدي ريضببً

يسبببب  ذلك تملك التربة بسبببب  تراكم الأملا ، مما يؤدي إلى إجهاد ريوني وإجهاد تتكسبببدي. يصبببع  التنبؤ بهلا الاختلال في 

الصبحي للنبات. بااطبافة إلى ذلك، يزيد   الأنظمة الهرمونية والغلائية والتتكسبدية بدقة، ولكنه يمأل عمومًا اطبطرابًا يعوق النمو

م  قابلية النبات ل صبابة بتمرا  فطرية خطيرة. لللك، فنن معالجة مشبكلة زيادة ثاني ركسبيد الكربون باسبتخدام جميع الوسبائل 

 .المتاحة طرورة وليست رفاةية
 

 ااجهاد غير الحيوي، ةرمونات النبات، نمو النبات في ظل الاحتباس الحراري.  الكلمات المفتاحية:

 

INTRODUCTION 

Plant hormones play a crucial role in regulating developmental events within the apical 

meristem, such as cell division, elongation, and protein synthesis (D'Agostino and Kieber, 1999). 

They activate, modify, or inhibit growth in a balanced way according to the surrounding 

environmental conditions. Plant hormones regulate key processes like seed germination, vegetative 

and reproductive growth, and yield formation. These hormones adjust plant responses to 

environmental changes, ensuring balance during growth stages, yield formation, and physiological 

maturity-form an organized sequence of stimulation, inhibition, and precise hormonal balance. These 

growth regulations are carried out by hormones such as auxins, gibberellins, cytokinins, ABA, 

salicylic acid, jasmonates (JAs), brassinosteroids (BRs) ( Kosakivska et al., 2022) Plant hormones 

are very important endogenous compounds that help regulate the physiology and Molecular responses 

of plants that are essential for the growth and development of plants that can survive in harsh 

environments and to increase Tolerance to environmental stress (Ali et al., 2024) Disruption of 

hormonal balance in plants is how plants cope with stress, which affects physiological and 

biochemical processes This ultimately results in a decrease in productivity. Since the Industrial 

Revolution, levels of CO2 in the atmosphere have increased significantly due to human activities. 

This wind is responsible for climate change (Droulia and Charalampopoulos, 2021). Increased CO2 

levels and global warming have a direct effect on plants (Gamage et al., 2018). Climate change 

significantly amplifies the frequency of extreme weather events, such as heatwaves, droughts, floods, 

salinity, food shortages, and other events that ultimately lead to rising temperatures, making global 

warming an unavoidable phenomenon. As a result, the world now faces a critical challenge in the 

form of climate change, characterized by major and permanent shifts in weather patterns. Significant 

climate changes are expected due to global warming, which may be either predictable or 

unpredictable, as the impacts of this phenomenon are numerous and interconnected, making it 

difficult to determine a definitive direction. For example, increased CO2 levels may enhance the 

photosynthesis process, particularly in C3 plants, leading to an increase in biomass. However, the rise 
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in CO2 also exacerbates the greenhouse effect, which stresses plants and increases photorespiration, 

leading to a loss in dry matter production, potentially as much as 25%. Heat stress causes stomata's 

closure to maintain plant tissue's water balance. On the other hand, an increase in its levels enables 

plants to tolerate heat stress. Therefore, it is difficult to predict which physiological process will be 

most adversely affected by climate change, although the overall impact is generally negative. Climate 

change-related stresses are expected to negatively influence plant productivity in the coming decades. 

This change may lead to significant disruptions in future food security, especially in poor countries, 

where crops are exposed to both biotic and abiotic stresses. Such changes affect plant hormones, 

reactive oxygen signaling, secondary metabolic pathways, and plant defense responses. 

The indirect effect of increased CO₂ on hormonal balance 

Elevated atmospheric CO₂ concentrations directly or indirectly influence various plant 

processes, including physiological functions, metabolism, gene expression, and productivity 

(Ahammed et al., 2020; Zhou et al., 2019a; Zinta et al., 2018). The indirect effect of CO₂ on plant 

hormones is mediated through its impact on enhancing photosynthetic rates. This growth provides 

the structural elements necessary for further cell division. Therefore, it expands tissues that require 

stimulation of plant hormones that promote growth. and inhibit growth inhibitors In addition to 

providing the necessary precursors for hormone synthesis Increases the activity of the tissues 

responsible for producing these hormones. These active tissues include the meristem zones in shoots, 

root tips, and seed embryos, and other positions that is considered a hub for hormone synthesis. In 

addition, increased CO2 concentrations in the plant environment may interfere with the selectivity of 

the hormone transport system by regulating the type and amount of Hormone transport Hormonal 

balance can be altered (Wei et al., 2013). 

The direct effect of elevated CO2 levels on hormonal balance  

Plant hormones are important requirements for adjusting plant growth to different levels of 

CO2 in the environment (Gupta et al., 2005; Teng et al., 2006; Wei et al. 2013). Higher CO2 levels 

boost growth hormones like auxins and gibberellins, promoting cell division and increasing biomass. 

(Gamage et al., 2018) Hormone metabolism plays an important role in growth and development. of 

plants (Gamage et al., 2018; Gangappa and Botto, 2016; Geiss et al., 2018) because changes in 

hormone activity are directly linked to biomass, with increased growth under high CO2 levels 

(Gamage et al., 2018) various plant responses Abscisic acid (ABA) has been specifically described 

to coordinate atmospheric changes including carbon dioxide and Other greenhouse gases Not limited 

to As an example of Teng et al.'s research, Arabidopsis leaves grown at high carbon dioxide 

concentrations have higher amounts of auxin. (indole-3-acetic acid, IAA), gibberellin (gibberellic 

acid, GA3) and cytokinin in higher amounts than leaves grown at Low carbon dioxide 2 (Catovsky 

et al. 2006). An increase of transcription level for the genes involving in synthesis and transport of 
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auxins, cytokinins and gibberellins may explain this (Wei et al., 2013). In particular, higher 

atmospheric CO₂ may relieve detriments to plants from heat stress that is frequently found with 

increasedCO₂. It mitigates this through multiple mechanisms such as stomatal regulation of stomata 

movement, osmotic adjustments via modification in cell membrane permeability, and an increase in 

water use efficiency (Li et al., 2019; Zhang et al., 2019). Plant responses to elevated CO₂ involve 

multiple signaling pathways most of which are dictated by plant hormones concerning pathogen 

resistance. More precisely, elevated CO₂ induces de novo salicylic acid (SA) biosynthesis and 

represses jasmonic acid (JA) pathways. This hormone modulation induces SA signaling pathway and 

represses the JA cascade, thus improving resistance to biotrophic and hemibiotrophic pathogens. 

Nonetheless, the change in plant exudation pattern will both favor the establishment and virulence of 

necrotrophic fungal pathogens. The response of plants to previous crop rotations has varied widely 

across species (Asim et al, 2019) and growth conditions (Li and Ahammed, 2023), photoperiods 

(Barya et al, 2020), and fertilizer management or cropping systems may even produce a different 

recommendation. (Platonova et al., 2016). These observations imply that the predicted rise in CO₂ 

may lead to pronounced crop losses through a higher incidence of fungal pathogens.  

Enhancement of CO₂ concentration has been reported to decrease attack rates and damage 

by Tobacco Mosaic Virus (TMV) and Pseudomonas syringae on plants. Nevertheless, it enhanced 

the susceptibility of plants to Botrytis cinerea, a cosmopolite fungus and one of the most important 

threats to crop production worldwide (Zhang et al., 2015).  

Auxins (IAA) 

Auxins are one of the most well-known plant hormones and were the first ever discovered. 

They control root and branch development and general growth, eliciting both synergistic or 

antagonistic responses with cytokinins in different cellular and physiological functions (Tromas et 

al., 2009; Jurado et al., 2010), including the cell cycle, cell elongation, branching and apical 

dominance, subliminal leaf levels, and embryonic seed maturation. Auxins play diverse roles in 

plants, and one of its significant functions is lateral root development. These roots are especially 

significant for the plants as they control root system architecture and affect its gainfulness in 

nourishing as well as water uptake (Sabagh et al., 2022).  

The distribution, balance and metabolism of auxins are influenced by abiotic environmental 

stresses within the cellular environment. These alterations in auxin distribution during the stress 

conditions are explained by two proposed mechanisms. The first mechanism concerns changes in 

gene expression, and the second is based on the notion that a phenolic compound that accumulates 

during stress reduces polar auxin transport (Kovtun et al. 2000; Potters et al. 2009). Auxins are of 

particular importance in plants' responses to environmental stress since they regulate growth 

adjustment. As such stresses are associated with alterations in auxin concentrations; they can then 
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also trig error plasticity response by distorting plant growth and development resulting in 

morphological deviations. Such morphological switches in response to stress are adaptive responses 

to minimize or avert the ill effects that have been discussed above (Potters et al., 2009).  

Tomato shoots produce auxin (IAA) in response to elevated CO₂ levels, which could further 

promote the polar auxin transport (Zhou et al., 2019a). The stimulus from high glucose and sucrose 

could lead to increased biosynthesis of auxin in the plants, a possible effect of high CO₂ in the 

atmosphere. Of these, sucrose has a more pronounced effect on auxin biosynthesis (Sairanen et al., 

2012). As an illustration, data by Teng et al. (2006) isolated the effect of increased CO₂ on plant 

hormones in Arabidopsis thaliana and found appreciably higher levels or concentrations of plant 

hormones including [[auxin]] (Indole-3-acetic acid, IAA), gibberellic acid, and cytokinins such as 

zeatin riboside, dihydrozeatin riboside, dihydrozeatin riboside, and isopentenyl adenosine. These 

cytokinins play vital roles in regulating various growth and developmental processes in plants. 

Gibberellins (GAs) 

Gibberellins represent a large group of plant hormones that significantly influence various 

physiological functions. They serve as key regulators of reproductive organ formation, fruit 

development, ripening, and seed germination (Plackett & Wilson, 2016). Gibberellins can either 

promote or inhibit seed germination under high-temperature conditions (Urbanová & Leubner-

Metzger, 2016). They are also known to mediate numerous physiological and developmental 

processes in plants (Hedden & Phillips, 2000). To date, 136 types of gibberellins have been identified 

across 128 plant species, though only a few are biologically active, including GA₁, GA₃, GA₄, and 

GA₇. Interestingly, the production of GAs is not limited to plants; various bacterial species, such as 

Bacillus pumilus and B. licheniformis, as well as some fungi, are also capable of producing these 

hormones (Gutiérrez-Mañero et al., 2001). Biologically active gibberellins play a critical role in 

stimulating seed germination, stem elongation, flowering, and fruit formation by promoting the 

degradation of DELLA proteins (Gao et al., 2017). These proteins are key components of hormone 

signaling pathways in plants (Davière and Achard, 2015). Gasparini et al. (2019) reported that 

elevated CO₂ levels promote plant growth only when gibberellin biosynthesis becomes unnecessary. 

Additionally, GAs regulate plant adaptation to biotic and abiotic stresses (Davière and Achard, 2015). 

High concentrations of CO₂ act as a signal enabling higher growth rates in plants experiencing low 

GA₃ levels, as CO₂ independently stimulates biomass accumulation by regulating the expression of 

growth-related genes (Ribeiro et al., 2013). 

Cytokinins 

Cytokinins play a variety of roles in plants. Including increasing the amount of chlorophyll 

(Dobránszki & Drienyovszki, 2014) and stimulating cell division. The diverse roles of cytokinins are 

fundamentally related to their complex interactions with other phytohormones (Gan et al., 2022). A 
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notable example is their dual relationship with auxin. which act synergistically in cell division and 

maintain the opposing role of controlling the elite. This pattern of hormonal crosstalk represents a 

broad pattern. of the behavior of plant hormones Their interactions may be additive or antagonistic 

depending on the physiological context... 

Cytokinins have a profound impact on various physiological biochemical pathways. 

Including the synthesis and maintenance of chlorophyll. photosynthesis migration and regulation of 

enzymes (Sosnowski et al., 2023). Their efficiency is influenced by external factors. Especially 

hormonal balance. and the duration of photoperiod, light conditions, non-living things Stress 

conditions, nutrient conditions and are adjusted by environmental factors such as the developmental 

stage of plant tissues and living things. 

Cytokinin's anti-aging properties are expressed through its ability to maintain nitrogen and 

protein concentrations. especially the level of the enzyme Rubisco, which helps maintain 

photosynthesis efficiency (Jordi et al., 2000). This anti-aging effect extends to mature plant tissues. 

possibility (Hönig et al., 2018). Cytokinin also facilitates the redistribution of nitrogen from old, light-

limited leaves to light-exposed leaves (Boonman et al., 2007). Positively, the nitrogen content in 

leaves and the abundance of photosynthetic proteins are reduced by nitrogen acquisition. of genes 

involved in determination and process is achieved through transcriptional regulation (Ruffel et al., 

2011) . 

The more desirable root development determined underneath accelerated CO₂ conditions is 

mediated via modulation of phytohormone homeostasis, especially through augmented indole-three-

acetic acid (IAA) and isopentenyl adenosine (iPA) concentrations. This regulation occurs through 

transcriptional control of auxin and cytokinin biosynthetic pathways, coupled with downregulation 

of cytokinin catabolic genes (Fan et al., 2022). The CO₂-mediated growth stimulation encompasses 

multiple physiological mechanisms, including enhanced availability of cellular building blocks 

essential for tissue morphogenesis. Furthermore, this response involves a recalibration of hormonal 

equilibrium that promotes vegetative development through heightened activity of auxin and 

cytokinin, two primary phytohormones governing cellular division processes. 

Ethylene (ET) 

Although it belongs to the plant hormones family, ethylene is the sole gaseous stimuli 

between this one. The role of it is important in many physiological processes ranging from flowering, 

fruit ripening and overcome plant environmental stresses such as extreme temperature, drought, 

salinity, heavy metals and flooding stress (Awan et al., 2017). Ethylene concentrations were reported 

to increase in response to cold and freezing stress in Arabidopsis and Medicago truncatula (Shi et al., 

2012; Zhao et al., 2014). Ethylene enhances the sodium-to-potassium ratio as well as ROS between 

during salt stress leading to high level of ethylene induction thus, HS (Yang et al., 2017). In addition, 
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ethylene has an important role in the natural responses of plants to ultraviolet radiation, nutrient 

deficiencies, pathogen attack and mechanical injury. It is synthesized and accumulated in the tissues 

responding at a site of damage or to mechanical wounds (Kendrick and Chang, 2008)  . 

Pan et al. His experience was supported by the findings of (2019) who reported, plants under 

elevated CO₂ conditions showed increased ethylene production. It was due to the accumulation of 1-

aminocyclopropane-1-carboxylic acid oxidase (ACO), which catalyzes the conversion of 1-

aminocyclopropane-1-carboxylic acid (ACC) to ethylene. It shows that high CO₂ in particular via 

boosting ethylene whilst underneath stress can also offer relative thermo-, salinity, drought, heavy 

metals, nutrient deficiency and so on, mechanical damage and pathogen tolerance. Elevated CO₂ 

situations, while generally beneficial for plant boom, show off physiological thresholds past which 

strain responses emerge as glaring. This is especially applicable when multiplied CO₂ coincides with 

thermal strain, potentially imposing compounded constraints on plant growth and developmental 

techniques. Research conducted by way of Seneweera et al. (2003) tested improved ethylene 

biosynthesis in flora grown below extended CO₂ conditions compared to the ones underneath ambient 

CO₂ tiers. This vegetation showcases augmented capacity for converting 1-aminocyclopropane-1-

carboxylic acid (ACC) to ethylene, mediated by way of elevated expression of ACC oxidase. The 

accumulation of this enzyme demonstrates an immediate correlation with CO₂ concentrations, 

therefore affecting ethylene manufacturing tiers (Finlayson & Reid, 1996)  . 

In rice flowers, the elevation of ethylene production in response to multiplied CO₂ plays an 

important role in promoting increase, especially through the enhancement of tiller initiation and 

proliferation, potentially leading to advanced grain yield (Seneweera et al., 2003). Additionally, 

Ahmed et al. (2021) suggest that ethylene serves as a number one hormonal regulator in conferring 

thermotolerance below multiplied CO₂ conditions. 

Abscisic Acid (ABA) 

The phytohormone abscisic acid (ABA), first identified within the early 1960s as a regulator 

of seed dormancy (Cornforth et al., 1965), has given that been recognized for its multifaceted roles 

in plant boom, improvement, and strain reaction (Guschina et al., 2002; Iqbal, 2015). As a key 

mediator of stomatal law and water balance, ABA performs a crucial role in retaining plant water 

members of the family. Under water-deficit conditions, ABA is synthesized in root tissues and sooner 

or later translocated through the xylem to the leaves, in which it accumulates. In protecting cells, 

ABA regulates turgor stress and potassium homeostasis, main to stomatal closure and thereby 

decreasing water loss (Awan et al., 2017) . 

ABA’s characterization as the "stress hormone" arises from its accumulation in response to 

both biotic and abiotic stressors. Beyond its function in regulating transpiration via stomatal closure, 

ABA additionally contributes to plant protection via restricting pathogenic invasion. It promotes the 
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synthesis of strain-defensive compounds, including proline, sphingolipids, and polyamines. 

Additionally, ABA interacts with other phytohormones, especially salicylic acid (SA) and methyl 

jasmonate (MJ), to enhance plant resilience and adaptability to numerous environmental stressors 

(Bharath et al., 2021). 

ABA orchestrates a comprehensive stress reaction via its signaling pathways and hormonal 

crosstalk (He et al., 2018). Under abiotic strain conditions, ABA turns on various biochemical 

protection mechanisms, consisting of the law of biosynthetic pathways, proline metabolism, 

antioxidant structures, and reactive oxygen species (ROS) detoxification enzymes. It also stimulates 

the synthesis of heat shock proteins and the stabilization of cuticular wax, thereby enhancing stress 

tolerance (Chen et al., 2013; Lee and Suh, 2015; Hoque et al., 2016; Huang et al., 2016; Yin et al., 

2018; Singhal et al., 2021). 

Finkelstein (2013) highlights the crucial role of ABA in mediating environmental pressure 

responses, inclusive of stomatal law and the postponement of senescence. Interestingly, increased 

atmospheric CO₂ concentrations were proven to significantly reduce endogenous ABA tiers, 

indicating complicated interactions among environmental elements and hormonal regulation. 

Teng et al. (2006) propose that these phenomena can be related to delayed senescence, with 

alterations in ABA metabolism probably influencing plant boom and improvement beneath 

multiplied CO₂ conditions. As ABA is a key regulator of stomatal conductance, changes in its 

dynamics in response to expanded CO₂ may also affect other physiological procedures, together with 

water use efficiency (Chater et al., 2015). 

The reduction in ABA accumulation below improved CO₂ tiers is attributed to the 

downregulation of genes concerned in ABA synthesis, coupled with an expanded degradation method 

(Teng et al., 2006; Wei et al., 2013). This decrease in ABA may, in turn, delay plant senescence under 

growing CO₂ concentrations (Fang et al., 2019). However, this sort of reduction also diminishes the 

benefits related to keeping optimum ABA levels, specifically in response to diverse abiotic stresses. 

Consequently, the reduced ABA levels ought to compromise vital procedures, including drought 

tolerance and normal physiological functions like fruit ripening. These benefits are usually performed 

whilst ABA is carried out at the most suitable concentrations and inside the correct timeframes. 

However, multiplied CO₂ tiers result in a discount of ABA, which can disrupt these methods and 

impair the plant's capacity to efficaciously adapt to and resist abiotic stresses. This decline in ABA 

may also hinder essential physiological responses, in the long run compromising the plant's resilience 

and overall pressure tolerance. 

Salicylic Acid (SA) and Jasmonic Acid (JA) 

Salicylic acid (SA) is an essential plant hormone that now not only regulates components of 

normal growth but also environmental strain responses and plant defense against pathogens. It is a 
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secondary metabolite of plant, microorganism and fungal starting place that is a shikimate pathway 

derivative (Mishra and Baek, 2021). SA interacts with other plant hormones which include jasmonic 

acid (JA), ethylene (ET), abscisic acid (ABA), and others to carry out vital roles in plant  responses 

to environmental situations.  

Signaling responses mediated via SA are regulated through a complex interaction among 

gene, proteins, and transcription factors (Sapna et al., 2024). SA performs an essential role in 

regulating the manufacturing and scavenging of reactive oxygen species (ROS), key element in plant 

defense responses. ROS-mediated mechanisms include the induction of hypersensitive response (HR) 

at the site of pathogen infection that restricts local spread of pathogens and also activates both local 

and systemic defense pathways (Noman et al., 2020).  

Hayat et al. The most essential physiological functions of salicylic acid (SA) in plants are 

summarized by (2007) including enhancement of mineral uptake from soil along with growth, the 

production of chlorophyll and carotenoid, improvement of photosynthetic efficiency, flowering 

induction, ethylene production and hormonal balance stomatal regulation as well as increasing 

various environmental stresses. SA also has the potential to enhance biomass production and 

stimulate plant innate immune responses, such as resistance against pathogens 

The biosynthesis of jasmonates (JAs) take place chiefly in two plant organs: leaves and roots, 

while the main subcellular sites are chloroplasts and peroxisomes (Cheong and Choi, 2003). 

Jasmonates are a major class of phenolic compounds produced by plants that are involved in hormonal 

equilibrium and environmental responses. They are helpful in minimizing the adverse effects of 

salinity when sprayed on foliage (Horváth et al., 2007) and play an important role in conferring 

systemic acquired resistance against multiple pathogens (Misra and Saxena, 2009). In addition, JAs 

regulate numerous processes critical for plant development such as embryogenesis; Arabidopsis 

reproductive organ development; flower sex determination; seed germination; seedling growth and 

root development; fruit ripening; leaf movement and senescence cell expansion, growth and diploid 

parthenogenesis gravitropic responses tuber formation (Wasternack, 2014).  

These results indicate that jasmonic acid is a potent regulator of acclimation to a broad 

spectrum of abiotic stresses, such as drought, salinity, high temperature, cold and heavy metal stress 

(Vanwallendael et al., 2019(. It is specifically responsible for the maintenance of ionic balance. A 

good example is the improved tolerance to alkaline stress induced by sodium carbonate (Na₂CO₃) in 

jasmonic acid-treated maize seedlings. This enhancement was ascribed to relieving the adverse 

impact of sodium carbonate on growth parameters, namely photosynthesis and total plant growth. In 

another study, better tolerance was associated with reduced sodium uptake and minimized oxidative 

damage by reducing ROS accumulation (Mir et al., 2018).  
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What remains unclear is the effect of increased CO₂ on salicylic acid (SA) and jasmonic acid 

(JA) (Zhou et al., 2019b; Kazan, 2018; Geng et al., 2016). However, it is commonly thought that high 

levels of CO₂ induce the biosynthesis of SA (Kazan, 2018), which in turn suppresses the synthesis of 

JA. In a specific example, elevated CO₂ reduces the JA content in tea leaves by inhibiting the activity 

or expression of lipoxygenase (LOX), an important enzyme involved in the JA synthetic pathway (Li 

et al., 2019).  

Brassinosteroids (BRs) 

Brassinosteroids (BRs), which have been identified as a class of plant hormones, were 

originally discovered in pollen from Brassica napus (rapeseed) because of their growth-promotion 

activity (Mitchell et al. 1970). The BR stimulates plant cell elongation and division, thus it should be. 

Now molecular characterization of BR action in a broad range of species, from green algae to 

flowering plants, has revealed striking diversity among chemically distinct BRs. They occur in every 

part of the plant — leaves stems, roots, flowers, pollen and seeds (Ohnishi 2018). BRs are steroidal 

hormones essential for many aspects of plant development and growth such as cell division, cell 

expansion; reproduction and adaptation to low-light conditions. Although it is present in different 

plant organs, seeds, pollens and fruits have been shown to contain significantly more of it compared 

to other plant parts (Li and He, 2020). Wu et al. Similarly, (2019) showed that the biosynthetic genes 

of both early and late pathways in BRs were upregulated by elevated CO₂ concentrations, which is 

assumed to contribute to stimulating BR accumulation in Pinus massoniana (Masson pine). 

Conclusion 

Elevated CO₂ levels significantly influence hormonal systems, enhancing growth while 

complicating stress responses. These effects highlight the importance of adopting adaptive 

agricultural strategies, such as improved crop varieties and optimized water management, to ensure 

sustainable productivity under changing climatic conditions. Understanding these dynamics is crucial 

for optimizing agricultural practices under climate change. Further research should focus on 

elucidating molecular mechanisms to mitigate CO₂-induced hormonal imbalances and improve crop 

resilience. 
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