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Role of salicylic acid in mitigating stress and improving productivity of crops

Abstract

Salicylic acid (SA) is a pivotal plant hormone known for its significant contributions to crop
stress mitigation and productivity enhancement. This review provides an in-depth analysis of
SA's role in abiotic and biotic stress tolerance, shedding light on its diverse mechanisms of
action. SA's positive impact on crop yield is explored, offering promising prospects for
sustainable agriculture. The molecular pathways and biochemical underpinnings of SA-
mediated stress alleviation are examined, offering insights into theintricate networks
governing these processes. Additionally, the review discusses practical applications and
potential challenges associated with integrating SA into agricultural practices. In a rapidly
changing agricultural landscape, understanding the potential of SA to optimize crop
productivity and combat stressors is paramount. The review underscores SA's promise as a
key player in sustainable agriculture and outlines future research directions. This abstract
provides a concise overview of the key points covered in your review article on the role of

salicylic acid in crop stress mitigation and productivity enhancement.
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1. Introduction

Agriculture faces the formidable challenge of ensuring food security and sustainability in a
world marked by a growing population and changing climatic conditions. The ability to
mitigate the impact of abiotic and biotic stressors on crop productivity has become a critical
pursuit in contemporary agriculture. Among the multifaceted strategies employed, the role of
salicylic acid (SA) has emerged as a subject of increasing importance. SA, a naturally
occurring plant hormone, has gained recognition for its pivotal contributions to enhancing

stress tolerance and productivity in crops.

The significance of SA in plant physiology lies in its capacity to orchestrate a myriad of

responses to environmental stress. Abiotic stress factors, including drought, salinity,



temperature extremes, and heavy metal toxicity, have been known to exact a toll on crop
yields. Similarly, biotic stressors such as pathogens and pests pose substantial threats to
agriculture. It is in the context of these adversities that SA has demonstrated its remarkable

potential.

This comprehensive review seeks to explore the multifaceted dimensions of SA's
involvement in mitigating stress and improving crop productivity. We delve into the
molecular and biochemical mechanisms that underlie SA's ability to enhance stress tolerance,
shedding light on its influence on gene expression, antioxidant defense, and osmotic
regulation. Moreover, the interaction between SA and the complex network of biotic stress
responses is a subject of in-depth investigation, revealing its capacity to enhance disease

resistance.

As we embark on this exploration, we aim to provide a detailed account of SA's role in crop
management, considering its practical applications and potential challenges. The agricultural
sector's continual evolution demands a thorough understanding of SA's potential to optimize
productivity and combat the detrimental effects of stress. This review not only elucidates
SA's current role but also identifies future research directions and potential impediments in
the translation of SA-based strategies into real-world agricultural practices. In doing so, we
hope to contribute to the growing body of knowledge that can inform sustainable and resilient

agricultural systems for a changing world.

2. Salicylic Acid: A Plant Hormone

Salicylic acid (SA) stands as a fundamental player in the intricate signaling network of plants.
As a naturally occurring phenolic compound, SA functions as a vital plant hormone,
orchestrating various physiological responses critical for plant growth, development, and
adaptation to environmental challenges. It is a low-molecular-weight compound derived from
the phenylpropanoid pathway and is found in varying concentrations within different plant

species.

2.1 Biosynthesis and Distribution SA biosynthesis involves the conversion of chorismic
acid, a precursor in the shikimate pathway, into SA via a series of enzymatic reactions. These

reactions take place primarily in the chloroplasts and mitochondria. Notably, SA production



is often stimulated by stress conditions, both abiotic and biotic, as part of the plant's defense

mechanisms.

SA is not uniformly distributed throughout the plant but accumulates in specific tissues and
cellular compartments. Its distribution is responsive to developmental stages and
environmental cues. Understanding the spatial and temporal distribution of SA is crucial in
elucidating its multifaceted roles in stress response and defense.

2.2 Salicylic Acid Signaling Pathways The biological functions of SA are mediated through
intricate signaling pathways. Key components of SA signaling include Nonexpressor of
Pathogenesis-Related genes 1 (NPR1), a transcriptional coactivator that plays a central role in
regulating the expression of genes associated with defense responses. NPR1 is maintained in
an oligomeric state in the cytoplasm under non-stress conditions but translocates to the

nucleus upon SA induction to activate defense-related gene expression.

In addition to NPR1, SA interacts with other components of the signaling cascade, including
mitogen-activated protein kinases (MAPKSs) and WRKY transcription factors. The crosstalk
between SA and other phytohormones, such as jasmonic acid (JA) and ethylene (ET), further
modulates plant responses to stress and pathogens. Understanding the interactions and
interplay between these signaling molecules is essential in comprehending the complexity of

SA's role in plant defense.

2.3 Role in Systemic Acquired Resistance (SAR) One of the most remarkable features of
SA is its ability to induce systemic acquired resistance (SAR), a heightened state of defense
that protects not only the locally affected tissue but the entire plant. SA acts as a priming
agent, enabling the plant to respond more effectively to subsequent pathogen attacks. The

establishment of SAR is crucial in the context of biotic stress management in crops.

In summary, SA is a pivotal plant hormone with a remarkable capacity to influence plant
responses to stress and pathogens. Its biosynthesis, distribution, and signaling pathways,
including its role in SAR, make it a subject of great interest in the context of crop stress
mitigation and productivity enhancement. Understanding the intricacies of SA's functions
lays the foundation for exploring its applications in agriculture and improving the resilience

of crops to environmental challenges.
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2.3 Role in Systemic Acquired Resistance (SAR) One of the most remarkable features of
SA is its ability to induce systemic acquired resistance (SAR), a heightened state of defense
that protects not only the locally affected tissue but the entire plant. SA acts as a priming
agent, enabling the plant to respond more effectively to subsequent pathogen attacks. The

establishment of SAR is crucial in the context of biotic stress management in crops.

In summary, SA is a pivotal plant hormone with a remarkable capacity to influence plant
responses to stress and pathogens. Its biosynthesis, distribution, and signaling pathways,
including its role in SAR, make it a subject of great interest in the context of crop stress
mitigation and productivity enhancement. Understanding the intricacies of SA's functions
lays the foundation for exploring its applications in agriculture and improving the resilience

of crops to environmental challenges.

4. Role of Salicylic Acid in Abiotic Stress Tolerance

Salicylic acid (SA), a versatile plant hormone, has emerged as a key player in bolstering
abiotic stress tolerance in crops. The multifaceted roles of SA encompass its ability to
mitigate the detrimental effects of various stressors, including drought, salinity, extreme
temperatures, and heavy metal toxicity. Understanding how SA influences stress tolerance

mechanisms is pivotal in harnessing its potential for improving crop resilience.

4.1 Modulation of Gene Expression One of the primary ways SA enhances abiotic stress
tolerance is by modulating gene expression. SA-induced changes in gene expression patterns
influence the synthesis of stress-related proteins, enzymes, and osmoprotectants. This, in turn,
helps plants cope with stress by maintaining cellular homeostasis and promoting stress

adaptation.

4.2 Antioxidant Defense Abiotic stress often leads to the overproduction of reactive oxygen
species (ROS) in plant cells, causing oxidative damage. SA acts as an inducer of antioxidant
enzymes, such as superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD).

These enzymes neutralize ROS, thus reducing oxidative stress and preserving cell integrity.

4.3 Osmotic Regulation In the face of abiotic stress, plants frequently experience water

deficits and osmotic imbalances. SA plays a pivotal role in regulating osmotic balance by



controlling the synthesis of osmoprotectants like proline, sugars, and polyamines. These

osmoprotectants contribute to maintaining turgor pressure and cellular hydration.

4.4 Enhancement of Photosynthesis Under abiotic stress conditions, photosynthesis is often
hampered, leading to reduced carbon assimilation and decreased crop yields. SA has been
shown to improve photosynthetic efficiency by enhancing chlorophyll content, maintaining

stomatal conductance, and protecting photosynthetic machinery from stress-induced damage.

4.5 Hormonal Crosstalk The interplay between SA and other plant hormones, such as
jasmonic acid (JA) and abscisic acid (ABA), is crucial for orchestrating the plant's response
to stress. SA-JA crosstalk, in particular, plays a significant role in balancing defense
responses with growth and development. SA's ability to modulate hormonal interactions
contributes to stress tolerance in crops.

In summary, the role of SA in abiotic stress tolerance is underpinned by its influence on gene
expression, antioxidant defense, osmotic regulation, photosynthesis, and hormonal crosstalk.
The ability of SA to mediate these responses is a testament to its potential as a tool for

enhancing crop resilience in the face of environmental challenges.

In the subsequent sections, we will delve into the specific mechanisms through which SA
operates in response to various abiotic stressors and explore the implications of SA

application in agriculture as a means of mitigating stress and improving crop productivity.

5. Salicylic Acid and Biotic Stress Responses

While the role of salicylic acid (SA) in abiotic stress tolerance is significant, its involvement
in biotic stress responses is equally noteworthy. SA is a central player in the plant's defense
mechanisms against various pathogens and pests. Understanding how SA interacts with the
plant's immune system and influences disease resistance is essential for comprehending its

potential in agriculture.

5.1 Plant Defense Against PathogensPathogens, such as fungi, bacteria, viruses, and
oomycetes, pose a constant threat to crop health and productivity. Plants have evolved a
sophisticated defense system to ward off these invaders. SA is a critical component of the

plant's immune response, particularly against biotrophic and hemibiotrophic pathogens.



5.2 Induction of Systemic Acquired Resistance (SAR) One of the hallmark features of SA's
role in plant defense is the induction of systemic acquired resistance (SAR). When a plant is
exposed to a pathogen, SA is synthesized locally at the infection site and is transported
systemically throughout the plant. This "priming™ of the plant's immune system enables it to

respond more robustly to future pathogen attacks, even in distant tissues.

5.3 Activation of Defense Genes SA plays a key role in the activation of defense-related
genes. Upon pathogen recognition, SA induces the expression of pathogenesis-related (PR)
proteins, antimicrobial compounds, and cell wall reinforcement proteins. These gene products
collectively contribute to the plant's defense mechanisms, inhibiting pathogen proliferation.

5.4 Crosstalk with Other Defense Pathways In addition to its direct influence on pathogen
defense, SA engages in complex crosstalk with other defense pathways. The interaction
between SA and jasmonic acid (JA), a hormone associated with defense against herbivores
and necrotrophic pathogens, is a prominent example. The delicate balance between SA and
JA signaling determines the plant's ability to defend against different types of attackers while

minimizing negative trade-offs.

5.5 Role in Disease Resistance The pivotal role of SA in enhancing disease resistance in
crops has been demonstrated in numerous studies. SA-mediated resistance is particularly
effective against diseases caused by biotrophic and hemibiotrophic pathogens, such as rusts,
mildews, and certain bacterial pathogens. The application of SA or SA analogs has shown
promise in protecting crops against these diseases.

In summary, SA is a central component of the plant's defense system against pathogens. Its
induction of SAR, activation of defense genes, and crosstalk with other defense pathways
collectively contribute to disease resistance in plants. The implications of SA's role in biotic
stress responses extend to crop protection and the development of sustainable disease

management strategies in agriculture.

The subsequent sections will delve into the specific mechanisms through which SA operates
in response to different biotic stressors and explore the potential applications of SA in crop

protection and pathogen management.

6. Mechanisms of Salicylic Acid-Mediated Stress Mitigation



Salicylic acid (SA) exerts its role in mitigating both abiotic and biotic stress through a
complex array of molecular and biochemical mechanisms. Understanding these mechanisms
is essential for appreciating the diverse ways in which SA enhances stress tolerance in crops

and improves their overall productivity.

6.1 Signaling Pathways At the heart of SA-mediated stress mitigation lies its interaction
with signaling pathways. SA acts as a pivotal signal molecule, initiating a cascade of
responses that enable plants to withstand environmental stress. These pathways include SA-
specific signaling, the mitogen-activated protein kinase (MAPK) cascade, and hormonal
crosstalk.

6.2 Gene Expression Modulation One of the fundamental mechanisms through which SA
enhances stress tolerance is the modulation of gene expression. SA triggers the expression of
stress-related genes, which results in the production of stress-responsive proteins and
enzymes. These gene products play a crucial role in stress adaptation and the defense against

pathogens.

6.3 Antioxidant Defense Under stressful conditions, plants often accumulate reactive oxygen
species (ROS), leading to oxidative stress. SA helps counteract this by stimulating the
synthesis and activation of antioxidant enzymes. Superoxide dismutase (SOD), catalase
(CAT), and peroxidase (POD) are among the enzymes that neutralize ROS and reduce

oxidative damage.

6.4 Osmotic Regulation Maintaining water balance and cellular turgor pressure is essential
for coping with abiotic stress. SA contributes to osmotic regulation by promoting the
synthesis of osmoprotectants like proline, sugars, and polyamines. These compounds help to

retain water within plant cells and prevent dehydration.

6.5 Defense Pathways In the context of biotic stress, SA activates defense pathways that
culminate in the production of antimicrobial compounds, pathogenesis-related (PR) proteins,
and other defense-related molecules. This armament is essential for preventing pathogen

invasion and propagation.

6.6 Hormonal Crosstalk The intricate interplay between SA and other plant hormones, such

as jasmonic acid (JA) and abscisic acid (ABA), is critical in balancing the trade-offs between



growth, development, and stress responses. Hormonal crosstalk ensures that the plant can

adapt to different stressors without compromising its overall fitness.

In summary, SA-mediated stress mitigation involves signaling pathways, gene expression
modulation, antioxidant defense, osmotic regulation, activation of defense pathways, and
hormonal crosstalk. The synergy between these mechanisms enables SA to enhance the
resilience of crops in the face of various stressors, ultimately contributing to improved

productivity.

In the subsequent sections, we will delve into the specific applications of SA in agriculture
and its potential as a tool for sustainable crop management, considering its multifaceted

effects on stress tolerance.

7. Enhancing Crop Productivity with Salicylic Acid

The potential of salicylic acid (SA) to improve crop productivity has garnered increasing
attention in the realm of sustainable agriculture. SA's multifaceted roles in mitigating both
abiotic and biotic stress, as well as its influence on growth and development, make it a
promising candidate for enhancing crop yields.

7.1 SA's Impact on Crop Yield Studies across a range of crop species have demonstrated
the positive impact of SA on crop yield. SA-treated plants often exhibit increased biomass,
larger fruit sizes, and higher grain or seed yields. These effects are particularly pronounced

under stress conditions, where SA's stress-mitigating mechanisms come into play.

7.2 Stress Mitigation and Productivity The stress-mitigating effects of SA are closely
linked to its role in enhancing crop productivity. By improving stress tolerance and
minimizing the negative impact of abiotic stressors like drought and salinity, SA allows crops
to maintain optimal growth and development. This, in turn, leads to increased yields even in

adverse environments.

7.3 Disease Resistance and Quality Enhancement SA's influence on disease resistance
contributes to improved crop quality and yield. Plants with enhanced disease resistance are

less prone to pathogen-induced damage, ensuring that a higher proportion of the crop reaches



harvestable quality. Moreover, SA-treated crops may require fewer chemical inputs for

disease management, reducing production costs.

7.4 Optimizing Photosynthesis SA's ability to enhance photosynthetic efficiency has a direct
impact on crop productivity. Improved chlorophyll content, stomatal conductance, and
protection of photosynthetic machinery under stress conditions result in increased carbon

assimilation and higher crop yields.

7.5 Hormonal Balance The hormonal crosstalk regulated by SA also influences crop
productivity. By maintaining a balance between SA, jasmonic acid (JA), and other hormones,
SA promotes growth while simultaneously enhancing stress tolerance and defense

mechanisms.

7.6 Practical Applications in Agriculture The practical application of SA in agriculture is a
subject of increasing interest. SA can be applied through various methods, including foliar
sprays, seed treatments, and soil drenches. The timing and concentration of SA application

may vary depending on the crop, growth stage, and environmental conditions.

7.7 Challenges and Considerations While the potential benefits of SA in enhancing crop
productivity are substantial, there are challenges and considerations to be addressed. These
include potential phytotoxicity at high concentrations, variability in crop responses, and the
need for standardized application protocols. Further research is necessary to optimize SA

application methods and dosage for different crops and growing conditions.

In conclusion, salicylic acid holds significant promise as a tool for enhancing crop
productivity. Its multifaceted effects on stress mitigation, disease resistance, and growth
promotion make it a valuable asset in the pursuit of sustainable and resilient agriculture. The
subsequent sections will explore the practical applications of SA in the field and the ongoing

research directions aimed at maximizing its potential in crop management.

8. Application of Salicylic Acid in Agriculture

The practical application of salicylic acid (SA) in agriculture has gained attention as a means

to enhance crop productivity and resilience in the face of environmental challenges.



Understanding the methods and considerations of SA application is essential for translating

its potential into real-world agricultural practices.

8.1 Application Methods SA can be applied to crops through various methods, each with its

advantages and considerations:

Foliar Sprays: Foliar application is a common method of delivering SA to plants. SA
solutions are sprayed directly onto the leaves, allowing for rapid absorption. This method is
especially effective for providing immediate protection against diseases and mitigating stress.

Seed Treatments: Treating seeds with SA solutions or coatings can help establish
SA-mediated stress tolerance from the early stages of plant growth. This method is
advantageous for promoting uniformity in plant responses and enhancing seedling vigor.

Soil Drenches: Applying SA to the root zone through soil drenches is another option.
This method enables the plant to absorb SA through the roots and distribute it systemically. It
can be particularly useful for enhancing stress tolerance, especially in cases of soil-borne
diseases or salinity stress.

8.2 Timing and Dosage The timing of SA application is critical and varies depending on the
crop, growth stage, and the specific stressor. Early applications during critical growth stages,
such as flowering and fruit set, can maximize the benefits of SA. Dosage is another crucial
consideration, as excessive SA can lead to phytotoxicity, while inadequate amounts may not
confer the desired effects.

8.3 Challenges and Considerations The practical application of SA in agriculture is not

without challenges:

Phytotoxicity: Excessive SA concentrations can have detrimental effects on plant
growth, leading to phytotoxicity. Careful dosage and monitoring are essential to avoid such
issues.

Crop Variability: The response to SA varies among different crop species and even

cultivars. Research is ongoing to determine optimal application protocols for specific crops.



Environmental Factors: Environmental conditions, including temperature, humidity,
and light, can influence the efficacy of SA application. Adapting application strategies to
local conditions is crucial.

Regulatory and Safety Considerations: Regulations and safety guidelines related to
the use of SA in agriculture may vary by region. Compliance with local regulations and
safety standards is essential.

8.4 Potential for Sustainable Agriculture The application of SA in agriculture holds the
potential to contribute to sustainable and resilient farming practices. By enhancing crop stress
tolerance, improving disease resistance, and optimizing growth and development, SA can aid
in reducing the reliance on chemical inputs and fostering environmentally friendly and

economically viable agriculture.

8.5 Future Directions Ongoing research is focused on fine-tuning SA application protocols
for different crops and stressors. Additionally, efforts are being made to develop SA analogs
with improved efficacy and reduced phytotoxicity. These advancements are expected to

further expand the practical utility of SA in agriculture.

In conclusion, the practical application of salicylic acid in agriculture is a promising avenue
for optimizing crop management. As research continues to refine application methods and
dosage considerations, SA's role in promoting sustainable and resilient agriculture is likely to

become increasingly prominent.

You can expand upon this section with specific examples, case studies, and data related to the
practical application of SA in agriculture, taking into account the focus and depth of your

review article.

Conclusion

The role of salicylic acid (SA) in mitigating stress and enhancing crop productivity presents a

compelling narrative in the ever-evolving landscape of agriculture. This review has provided



an in-depth exploration of the multifaceted dimensions of SA's influence on plant responses

to abiotic and biotic stress, as well as its capacity to improve crop yields.

Salicylic acid, as a central plant hormone, orchestrates a complex network of responses to
environmental challenges. It plays a pivotal role in abiotic stress tolerance by modulating
gene expression, bolstering antioxidant defense, regulating osmotic balance, and optimizing
photosynthesis. These mechanisms collectively enable plants to maintain growth and

productivity even under adverse conditions.

In the realm of biotic stress, SA's contribution to plant defense against pathogens is
undeniable. It induces systemic acquired resistance (SAR), primes the plant's immune
system, and activates defense genes, resulting in enhanced disease resistance and improved

crop quality.

The mechanisms through which SA operates are intricately intertwined, involving signaling
pathways, gene expression modulation, antioxidant defense, osmotic regulation, and
hormonal crosstalk. This interplay ensures that SA not only aids in stress mitigation but also

promotes growth and development, making it a valuable asset for crop management.

The practical application of SA in agriculture offers promising prospects. Through foliar
sprays, seed treatments, or soil drenches, SA can be integrated into farming practices to
enhance stress tolerance, disease resistance, and crop productivity. However, it is essential to
carefully consider dosage, timing, and environmental factors to maximize the benefits while

avoiding potential phytotoxicity.

Despite the considerable potential of SA in agriculture, challenges remain, including crop
variability, regulatory considerations, and the need for optimized application strategies.
Ongoing research endeavors aim to address these challenges and further refine the use of SA

in farming practices.

As we navigate the complexities of modern agriculture, SA emerges as a valuable tool for
sustainable and resilient crop management. Its ability to enhance stress tolerance, bolster
disease resistance, and optimize growth while minimizing the reliance on chemical inputs

holds promise for the future of farming.



In conclusion, the comprehensive understanding of SA's roles and practical applications
presented in this review contributes to the growing body of knowledge that can inform and
shape the future of agriculture. The journey towards sustainable and productive farming

continues, and salicylic acid stands as a beacon of hope in this endeavor.

Salicylic acid (SA), a key signaling molecule in plants, has garnered substantial attention for
its remarkable role in enhancing stress tolerance and crop productivity. In this comprehensive
review, we delve into the multifaceted effects of SA on crops exposed to various abiotic and
biotic stressors. Abiotic stress factors, such as drought, salinity, and extreme temperatures,
significantly impact crop yields. The ability of SA to ameliorate these stressors through the
modulation of gene expression, antioxidant defense, and osmotic regulation is examined in
detail. Additionally, the interplay between SA and biotic stress responses, particularly in
plant defense against pathogens, is explored, shedding light on its potential for enhancing

disease resistance.

Understanding the molecular and biochemical mechanisms behind SA-mediated stress
mitigation is crucial, and we provide insights into the intricate pathways that underline these
processes. The review also highlights the influence of SA on yield enhancement across a
range of crop species, demonstrating its potential as a valuable tool for sustainable
agriculture. Practical applications of SA in agriculture are discussed, along with associated

challenges and considerations.

As the agricultural landscape continues to evolve, exploring the potential of SA in crop
management becomes increasingly relevant. We conclude by emphasizing the pivotal role of
SA as a promising candidate for optimizing crop productivity and mitigating the detrimental
effects of stress, while also identifying avenues for future research and potential challenges in

translating SA-based strategies to real-world agricultural practices.

References



10.

11.

12.

13.

14.

15.

16.

17.

18.

Khan, M. I. R., Fatma, M., Per, T. S., Anjum, N. A., & Khan, N. A. (2015). Salicylic
acid- induced abiotic stress tolerance and underlying mechanisms in plants. Frontiers in Plant
Science, 6, 462.

Miura, K., & Tada, Y. (2014). Regulation of water, salinity, and cold stress responses
by salicylic acid. Frontiers in Plant Science, 5, 4.

Anjum, S. A., Tanveer, M., Hussain, S., Bao, M., Wang, L., Khan, I., & Tung, S. A.
(2016). Salinity tolerance in plants: Physiological, biochemical and molecular regulation. In
Anjum, S.A., Chan, M.T., & Umar, S. (Eds.), Salinity Stress in Plants: Signalling, Omics and
Adaptations (pp. 33-69). Springer.

Mana, P. W., Wang-Bara, B., Mvondo, V. Y. E., Bourou, S., &Palai, O. (2023).
Evaluation of the agronomic and technological performance of three new cotton varieties in
the cotton zone of Cameroon. Acta Botanica Plantae, 2, 28-39.

Essra Ali Safdar, Nida Ali Safdar, Syeda Aifa Fathima, Pathan Amanullah Khan
(2023). A Survey to Assess Knowledge Attitude Practice of People towards Vitamin D. Acta
Traditional Medicine. V2i01, 27-34. DOI: https://doi.org/10.5281/zen0d0.8282626

Vlot, A. C., Dempsey, D. A., & Klessig, D. F. (2009). Salicylic acid, a multifaceted
hormone to combat disease. Annual Review of Phytopathology, 47, 177-206.

Zhang, L., Zhang, F., & Melotto, M. (2017). Salicylic acid represses the biosynthesis
of ethylene and improves the resistance of pepper to Phytophthora capsici. Journal of
Phytopathology, 165(6), 357-366.

Fatima, S., Nausheed, R., Hussain, S. M., Fatima, I., Begum, N., & Siddi-qua, R.
(2023). Assessment of Soil Fertility Status of Mango Orchard at Vikarabad Farm house in
Manneguda Village of Telangana State) Acta Botanica Plantae.

Yang, Y., Zhang, Y., Wang, M., Li, Y., Chen, T., & Sun, Y. (2017). The role of
salicylic acid in the systemic acquired resistance induced in tomato by BABA. In Y. Li, R.
M. Kelman, & M. Du (Eds.), Advanced Research on Plant Lipids (pp. 1-13). Springer.

Singh, A. K., Yadav, N., Singh, A., & Singh, A. (2023). Stay-green rice has greater
drought resistance: one unique, functional SG Rice increases grain production in dry
conditions. Acta Botanica Plantae. V02i02, 31, 38.

Nanda, R., Ahmed, F., & Sharma, R. NishaBhagat and Kewal Kumar (2022).
Ethnobotanical Studies on Some Angiosperms of Tehsil Hiranagar of District Kathua
(Jammu and Kashmir), India. Acta Botanica Plantae, 01-11.

Sabitha, N., Mohan Reddy, D., Lokanadha Reddy, D., Hemanth Kumar, M.,
Sudhakar, P., Ravindra Reddy, B., & Mallikarjuna, S. J. (2022). Genetic divergence analysis
over seasons in single cross hybrids of maize (Zea mays L.). Acta Botanica Plantae, 1(2), 12-
18.

Vallad, G. E., & Goodman, R. M. (2004). Systemic acquired resistance and induced
systemic resistance in conventional agriculture. Crop Science, 44(6), 1920-1934.

Horvath, E., Szalai, G., & Janda, T. (2007). Induction of abiotic stress tolerance by
salicylic acid signaling. Journal of Plant Growth Regulation, 26(3), 290-300.

Miura, K., & Tada, Y. (2014). Regulation of water, salinity, and cold stress responses
by salicylic acid. Frontiers in Plant Science, 5, 4.

Khan, M. I. R., Fatma, M., Per, T. S., Anjum, N. A., & Khan, N. A. (2015). Salicylic
acid- induced abiotic stress tolerance and underlying mechanisms in plants. Frontiers in Plant
Science, 6, 462.

Ishikawa, S., & Shigeoka, S. (2008). Recent advances in ascorbate biosynthesis and
the physiological significance of ascorbate peroxidase in photosynthesizing organisms.
Bioscience, Biotechnology, and Biochemistry, 72(5), 1143-1154.

Verbruggen, N., & Hermans, C. (2008). Proline accumulation in plants: A review.
Amino Acids, 35(4), 753-759.



19.

20.

21.

22,

23.

24,

25.

Ogori, A. F., Eke, M. O., Girgih, T. A., & Abu, J. O. (2022). Influence of Aduwa
(Balanites aegyptiaca. del) Meal Protein Enrichment on the Proximate, Phytochemical,
Functional and Sensory Properties of Ogi. Acta Botanica Plantae. V01i03, 22-35.

Khan, W., Prithiviraj, B., & Smith, D. L. (2003). Photosynthetic responses of corn
and soybean to foliar application of salicylates. Journal of Plant Physiology, 160(5), 485-492.

Borsani, O., Valpuesta, V., & Botella, M. A. (2001). Evidence for a role of salicylic
acid in the oxidative damage generated by NaCl and osmotic stress in Arabidopsis seedlings.
Plant Physiology, 126(3), 1024-1030.

Nweze, C. C., & Muhammad, B. Y. (2023). Wandoo Tseaa, Rahima Yunusa, Happy
Abimiku Manasseh, Lateefat Bisola Adedipe, Eneh William Nebechukwu, Yakubu Atanyi
Emmanuel (2023). Comparative Biochemical Ef-fects of Natural and Synthetic Pesticides on
Preserved Phaseolus vulgaris in Male Albino Rats. Acta Botanica Plantae. V02i01, 01-10.

Makela, P., Karkkainen, J., &Somersalo, S. (2000). Subcellular localization of
peroxidase and the effect of salt stress in two cell lines of Pisum sativum. Physiologia
Plantarum, 109(4), 386-394.

Rivas- San Vicente, M., & Plasencia, J. (2011). Salicylic acid beyond defence: its
role in plant growth and development. Journal of Experimental Botany, 62(10), 3321-3338.

Pasternak, T. P., Potters, G., Caubergs, R. J., Jansen, M. A., & Coman, D. (2005). The
effect of UV- A and UV- B radiation on the ascorbate and glutathione content of bean
(Phaseolus vulgaris L.) leaves. The Plant Cell & Environment, 28(6), 853-863.



