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Abstract- Naturally growing plants generally counter with the
abiotic stress in form of drought, waterlogging, heat, salinity,
heavy metal contamination leading to imperative growth and
loss in productivity. The abiotic stresses cause morphological,
physiological, and biochemical modifications and alters
metabolic activities in plants. Although plants exhibit a
general defense externally in form of cuticle and internal
defense in form of plant growth regulators, signaling
molecules like gasotransmitters, volatile organic compounds,
reactive oxygen species scavengers, polyamines, molecular
chaperones, phytochromes, and compatible solutes against
adverse situations. However, the collaborative arrival of these
conditions left no chances of survival and recovery in plants.
This review is an attempt to address the responses, defense
mechanisms, and plant compounds used to combat abiotic
stresses. The effective scientific techniques like calcium signal
systems, functional genomics technologies, molecular markers
assisted plant breeding, should be given more emphasis to
develop stress tolerance in plants.
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I. INTRODUCTION

Abiotic stresses in form of drought, flooding, salinity,
heavy metals, heat, chilling, and freezing, are a serious
menace in agriculture alleviating growth, development, and
altering morphological, physiological, and biochemical
processes of the plants. The abiotic stress causes a loss of 51–
82% of yield annually in world agriculture, with impaired
qualitative and quantitative changes in crops (Oshunsanya et
al. 2019). The drought and floods accounts for 82 and 19%,
whereas of the 73% of global land area, salinity affects more
than 4.4 % of topsoil and 8.7 % of subsoil (FAO 2021, FAO
2022). The stress causes significant loss of productivity in
forests (Tiwari et al. 2021).  During abiotic stresses, the
decrease in water availability, photosynthesis, chlorophyll
contents, transpiration rate, stomatal functioning, flower bud
formation, pollination, nutrients, secondary metabolites, root-
shoot lengths, plant biomass, and denaturation of plant
proteins are commonly observed (Oshunsanya et al. 2019,
Khalid et al. 2019, Yadav et al. 2020).

The oxidative damage that is catalyzed by reactive oxygen
species (ROS), like hydrogen peroxide (H2O2), superoxide
radical (O2

-), and hydroxyl radical (OH-), is a significant
impact of abiotic stresses resulting in alteration in cellular
functioning and growth reduction in plants (Cakmak 2005).
The stresses also show the deleterious effects on the
production of secondary metabolites like morphine, cocaine,
codeine, quinine, alkaloids, colchicines, flavonoids, reserpine,
steroids, phenolics, etc. influencing food and natural
pharmaceutical products (Akula and Ravishankar, 2011). This
research is an attempt to analyze the impact of various abiotic
stresses and the responses and defense mechanisms developed
in plants to counter the stresses. Further, molecular and
genetic responses, metabolites, and elements responsible
either for promoting or arresting stress-like situation are also
explored.

II. MATERIALS AND METHODS

A comprehensive review of the available literature
was conducted for the assessment of the impact of abiotic
stresses on the morphology, physiology, and metabolism of
the plants, as well as the defense system and various self-
modifications developed in the plants against the stresses.
Moreover, the effective methods and relevant techniques were
also analyzed to recommend a relevant solution to overcome
the adverse situation caused due to abiotic stresses.

III. RESULTS

3.1 Drought stress and plant response and defenses

Climate change and high water scarcity are major
problems affecting agriculture yield decline projected up to
4.5 times and even 25 times more by 2030 and 2050 across the
globe (Caparas et al. 2021).  Drought stress due to shortage in
rainfall and increased dry spells causes a major setback to crop
productivity with impaired osmotic, transpiration and carbon
assimilation rate, changes in stress signaling pathways,
suppressed root and shoot growth, production of reactive
oxygen species, and senescence causing injury to the plant
(Ahluwalia et al. 2021). Under prolonged water stress
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conditions plant growth and productivity are significantly
affected (Osakabe et al. 2014).

The stress causes alteration in metabolic functioning
suppressing the production of photosynthetic pigments,
declining light harvesting and alleviation of reducing powers,
affecting dark reactions and biomass yield (Jaleel et al. 2009).
In some species, the drought conditions cause alteration in
metabolite and lipid profiles including amino acids, sugars and
sugar alcohols, and tricarboxylic acid cycle intermediates in
leaves (Shen et al. 2022). The drought stress controlled
experiment in certain perennial species like Populus trees
reveals that the root microbiome decreases under stress
conditions; however beneficial, as it causes the production of
microbes like Bacillus arbutinivorans, B. megaterium, B.
endophyticus, Streptomyces rochei, Penicilliumraperi,
Aspergillusterreus, Gongronellabutleri, Rhizopusstolonifer,
and Trichodermaghanense, having potentiality to improve
growth and develop drought tolerance in the plant (Xie et al.
2021).

The drought stress in plants is complex mechanisms
including various physiological reverberation starting from
signal cognition to resistance acquisition in the plant. Drought
stress conditions first arise in roots and then pass to shoots
(Takahashi et al. 2020). The resistance varies with plant
species, phenological stages, and duration of plant exposure to
stress. Under low water potential conditions, osmoregulation
is mainly based on the synthesis and accumulation of
osmoprotectants like sugars, soluble proteins, quaternary
ammonium compounds, sugar alcohols, and amino acids
(Ozturk et al. 2021).

The plant breeding programs, genomics, and
molecular prospects with a focus on alteration in omics
technology like proteomics, metabolomics, genomics,
glyomics, transcriptomics, and phenomics have the potential
to develop stress resistance in plants. Application of
osmoprotectants, seed priming, growth hormones, selenium
(Se), silicon (Si), and potassium are significant under drought
conditions. Moreover, the drought adaptation using hydrogel,
microbes, metabolic engineering, and nanoparticles techniques
that help in regulating the activity of the antioxidant enzymes
helps in improving plant tolerance maintaining cell
homeostasis, and alleviating adverse impacts of drought stress
in crops (Seleiman et al. 2021). The genome engineering
techniques like clustered regularly interspaced short
palindromic repeat (CRISPR) or CRISPR-related protein 9
(Cas9) technique are an effective approach to developing
drought tolerance in plants under different climate change
conditions (Bashir et al. 2021).

3.2 Temperature stress and plant responses and defenses

Temperature stress in form of high, chilling, or
freezing, shows a deleterious effect on germination, growth,
and photosynthesis, and the plant often dies (Kai and Iba
2014). Global warming resulting in high temperature affects
more than 15% of global land with developing countries
experiencing damage in principal crop production (Sun et al.
2019). The temperature stress suppresses the growth,
metabolism, biochemical reactions, and productivity of the
plants (Hasanuzzaman et al. 2013). The tropical and
subtropical plants are more sensitive to cold stress compared
to temperate plants and even a short spell of low temperature
influence growth and yield, with the development and
functioning of gametes getting retarded resulting in impaired
fertility (Thakur and Nayyar 2013).  The high temperature
above 30°C mainly affects male and female reproduction,
mainly the uninucleate stage of male reproductive
development, in the plants (Sage et al. 2015).

The experimental studies conducted on Maize plants
reveal that under warm temperature conditions the pollination
is mostly affected resulting reduction of 80−90% yield,
without affecting leaf area and biomass (Hatfield and Prueger
2015). Heat stress occurring at temperatures more than 10-
15°C retarding metabolism, denaturing enzymes, impairs
morphology, physiology phenology, and molecular
mechanism, and suppresses crop yield and adaptation in plants
(Firmansyah and Argosubekti 2020). Under low-temperature
stress conditions the formation of the aldolase gene SlFBA4,
which plays a significant role in the Calvin-Benson cycle
(CBC) is altered in tomato (Solanumlycopersicum) plants
resulting higher net photosynthetic rate (Pn), fructose-1,6-
bisphosphate aldolase activity, and other enzymes of CBC.
Further, the increase in germination, height, stem diameter,
thousand seed weight, and alleviation in malonaldehyde
content is also observed under chilling stress conditions in the
plant (Cai et al. 2022).

Plants develop freezing resistance by exposure to a
low temperature known as cold acclimation and soluble sugars
play a pivotal role in protecting plant cells serving as nutrients,
osmoprotectants, and interaction with the lipid bilayer. Higher
sugar concentrations initiate leaf senescence, due to the
conglomeration of soluble sugars during cold acclimation with
a negative impact on plants (Yuanyuan et al. 2010). In cold
tolerant plant species, the sensing occurs in the membranes by
histidine kinases like calcium-dependent protein kinase
(CDPK) and mitogen-activated protein kinases (MAPK),
causing the excitement of mechano-sensitive Ca2+-influx
channels, which change over the signals to activate the
transcriptional cascades (Thakur and Nayyar 2013).
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The responses to cold stress in plants are mainly
governed by functioning of ICE-CBF-COR genes. The cryo-
protectants like sugars, glycine, proline, trehalose, betaine, and
polyamines plays significant role in plants defense. Certain
antioxidants like non-enzymatic glutathione, ascorbic acid,
catalase, superoxide dismutase, enzymatic glutathione
reductase, and ascorbate peroxidase get activated to combat
the oxidative damage caused due to cold stress (Thakur and
Nayyar 2013). During cold stress the osmolytes serving in
form of cryoprotectants defends the cellular metabolism by
preserving the redox potential and components of vital
pathways, safeguarding the solidarity of membranes and
cellular organelles, protecting the photosynthetic machinery
and substituting as partial antioxidants (Bhandari and Nayyar
2014).

3.3 Salinity stress and plant responses and defenses

Soil salinity is major abiotic stress affecting nearly
800 million hectares of land (Hernández 2019) and reducing
global crop productivity by up to 58% (Haj-Amor et al. 2022).
Salinity causes morphological, physiological, epigenetic, and
genetic changes, increases sodium and chlorine ions and at
high concentrations causes the death of the plant cells
(Etesami et al. 2021). The stress increases the intracellular
osmotic pressure causing an assemblage of Na+ to toxic levels
(Zhao et al. 2021). Salinity stress mainly affects seed
germination, altering physiological and biochemical
mechanisms, and seedling growth in arid and semiarid areas.
The salt stress causes ion-specific effects, osmotic stress, and
oxidative stress by reducing water availability, influencing the
structural organization of proteins, and switching the
mobilization of stored reserves (Ibrahim 2016). The symptoms
of salinity stress first appear in the root with the deposition of
phytotoxic ions causing osmotic stress. Further, the salinity
imposes oxidative stress which is mediated by ROS (Reactive
Oxygen Species), and nutrient imbalance in the cytoplasm
(Acosta-Motos et al. 2017).

An experiment conducted on Maize roots reveals that
salinity stress damage root anatomy and shrinkage of 2% and
3% in epidermal and parenchyma cells of the cortex and
medulla, respectively. The Leaf anatomy gets deteriorated
with suppression in mesophyll and bundle sheath cells and a
decrease in chloroplast content. Calcium, magnesium,
aluminum, iron, sodium, and chlorine increases, whereas
potassium, boron, and phosphor content decreases in the
plants (Hasan and Miyake 2017). The experiment in Camelina
sativa reported that shoot length was highly affected by salt
stress without any change in root length however,
photosynthetic capacity, shoot, and root weight get retarded.
The stress also enhances calcium and magnesium levels in

shoots and micronutrients are less affected. The gene
expression studies suggest that salinity causes the commuting
of Na+ from the cytoplasm to the tonoplast leading to the
transfer of Ca+2 and K+ in the cytoplasm in shoots whereas in
roots Na+ was exported from the cytoplasm by the SOS
pathway and K+ was imported in response to salt (Heydarian
et al. 2018).

The salinity tolerance in plants depends on the
activation of streaming of molecular networks involved in
stress sensing, metabolites, signal transduction, and specific
stress-related gene expression. Certain salt overly sensitive
(SOS) genes isolated through sos mutants can help us in
establishing a relationship between ion homeostasis and salt
stress tolerance. Various phytohormones like Jasmonic acid,
Abscisic acid, and Salicylic acid can play a significant role in
regulating metabolic networks during osmotic stress
conditions (Singh and Gautam 2013).

A study of peptide hormones derived from 17 salt
stress-inducible small coding genes in Arabidopsis suggests
that four genes possess increased salinity stress tolerance and
among these one of the genes (AtPROPEP3) has the potential
to induce salt stress resistance by treatment with a 13-peptide
(KPTPSSGKGGKHN) fragment, providing evidence for
salinity tolerance in plants in retaliation to a peptide treatment
(Nakaminami et al. 2018). In Plants salt stress-responsive
genes communicate specific signals, leading to the initiation of
defense response and involving the transporters, and calcium
and kinases provoke molecular responses for any signaling
within the cell (Shah et al. 2021).

3.4 Heavy metal stress and plant responses and defenses

Heavy metal stress has emerged as a most
challenging threat with an adverse impact on agriculture
development, growth and productivity mainly in arable soils
(Ali et al. 2018). The heavy metals generated through mining
activities, increases soil pollution, get absorbed into plant
tissue, and can cause cellular injury and senescence (Keyster
et al. 2020). The increase in human-induced activities like
industrialization had caused exaltation in heavy metal
contamination of terrestrial and aquatic ecosystems and most
of these are neurotoxic, carcinogenic, and poisonous even at
low concentrations (Gaur et al. 2021). Industrial waste and
municipal sewage are other important source of heavy metals
such as Cu, Ni, Fe, Co, Mn, Zn, Hg, Cd, and arsenic, which
are essential micronutrients, however their excess shows
deleterious effects on plant growth, physiology, metabolism,
and senescence (Ghori et al. 2019).
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Heavy metal toxicity affects physiological and
biochemical activities depending on the particular metal, its
chemical form, concentration, and plant species (Ackova
2018). A study on the impact of toxicity of heavy metals
cadmium and nickel on the physiological and biochemical
processes in Pisumsativum reveals enhancement of lipid
peroxidation, hydrogen peroxide, protein carbonylation,
proline, oxidized glutathione, phenolics, and reduced
glutathione (El-Amier et al. 2019). The drainage water used in
agricultural irrigation and unremitting industrial activities also
contains heavy metals causing environmental hazards, and are
serious threats to human health. The study of macrophytes in
the middle Nile Delta reveals high contents of Zn, Cr, and Cd
in the upstream and Cu, Mn, and Ni downstream of the drains.
The Phragmitesaustralis root shows the highest accumulation
of the elements, while shoots of Typhadomingensis reveal the
highest bioaccumulation factor (BAF) (EL-Amier et al. 2020).

Various plants have developed detoxification
mechanisms to minimize the deleterious effects of heavy
metals. Through chelation strategy using phytochelatins (PCs),
a type of Cys-rich peptides derived from reduced glutathione
(GSH) in a transpeptidation reaction, plants have their own
detoxification method to counter heavy metals toxicity (Yadav
2010). Besides, the compounds like proline (Pro), and
arbuscularmycorrhizal (AM) fungi have the potential to
combat heavy metal (HM) toxicity, reducing their uptake via
binding metal to the hyphal cell wall and releasing
extracellular biomolecules to destroy the toxic ions
(Emamverdian et al. 2015). According to an investigation of
Wheat crops the application of herbicides, Aminopielik D 450
SL and Chwastox 300 SL, has the potential in checking the
heavy metal inflation in roots and limiting the transportation to
above-ground parts (Skiba and Wolf 2017).

The improvement in phytoremediation technique
through plant transformation and nuclear and cytoplasmic
genome transformation has the potential in extracting heavy
metals from soil (Kozminska et al. 2018).  The use of plant-
associated microbes like phyto-bacteria or genetically
transformed bacteria helps in minimizing metal bioavailability
in soil and has emerged as a promising remediation technique
for improving heavy metal tolerance in plants (Tiwari and
Lata 2018). Application of nano-hydroxyapatite (n-HAP)
amended soil with indigenous microorganisms increases shoot
dry biomass and suppresses Cd and Pb uptake and
diethylenetriaminepentaacetic acid (DTPA) as justified in a
pot experiment conducted on coriander (Coriandrumsativum
L.) (Mi et al. 2022).

3.5 Various other mechanisms to counter abiotic stresses in
plants

The plant generally possesses defense organs in form
of external cuticle and unsaturated fatty acids, molecular
chaperones, compatible solutes, and reactive species
scavengers inside the cells against abiotic stresses. The plant
responds to stress through upstream signaling molecules like
reactive oxygen species, stress hormones, polyamines,
gasotransmitters, calcium, and phytochromes and downstream
gene regulation factors, like transcription (He et al. 2018). The
plant has an effective defense mechanism integrating
molecular and cellular responses like the perception of stress
signals, target stress-related genes, transcription regulators,
transducers, and metabolites against abiotic stresses (Gill et al.
2016). The miRNAs (microRNAs) small regulatory molecules
involved in biogenesis pathways are significant in gene
expression reprogramming and can play a vital role in plant
responses under stress conditions (Morad-Talab and
Hajiboland 2016).

Potassium (K) as an essential element can also play a
significant role in defending against biotic and abiotic stresses
including pests, diseases, salinity, drought, waterlogging, and
cold and frost in plants (Wang et al. 2013). The K+ provides
abiotic stress tolerance through protein synthesis, enzyme
activation, stomatal movement, turgor regulation,
photosynthesis, and osmotic adjustment. It also activates
antioxidant defense systems. The accumulation of K+ in plants
helps to develop stress tolerance against drought, lodging,
late-season rains, salinity, cold, frost, and heat waves
(Perelman et al. 2022). Similarly, the concentration of Ca2+
serving as an important pervasive intracellular second
messenger nutrient, increases during drought, salinity, and
cold stress, thus helping the survival of plants under adverse
environmental conditions (Pathak et al. 2020).

Synthetic Plant growth regulators, like Thiourea
containing nitrogen and sulfur, have emerged as an important
compound to counter biotic and abiotic stresses at the cell,
tissue, and organ levels in plants (Waqas et al. 2019).
Chitosan, a biostimulant used for plant growth and protection
has the potential to evoke a signal transduction pathway and
produce proteins, genes, and secondary metabolites like
hydrogen peroxide and nitric oxide. This polymer when
applied before exposure to salt, drought, and heat stress
induces the growth and production of secondary metabolites,
antioxidant enzymes, and abscisic acid, and can act as an
important abiotic stress tolerance compound (Pongprayoon et
al. 2022). A study suggests that H2S also shows plant defense
signaling by inducing the expression of pathogenesis and
defense-related genes, regulating glutathione metabolism,
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interacting with phytohormones such as auxin, ethylene, and
jasmonic acid, and regulating enzyme activity through post-
translational tempering (Chaudhary et al. 2022).

IV. CONCLUSIONS

Abiotic stresses have emerged as a major challenge
to future food security. Climate change, global warming, and
increasing soil conditions due to salinity and heavy metal
contamination are reducing the forest and agricultural areas
globally. In order to assure food security for the growing
human population and to tackle the challenges of producing
more in less area, there is a need to  amalgamate system-level
information on abiotic stress response pathways, identify
stress defensive networks, and apply new scientific techniques
to develop crops that can combat abiotic stress conditions with
more yield. Understanding proteomic and genomic secondary
metabolites and chemical compounds used to develop
defenses in the plants should be a priority to sustain the
survival and productivity of the plants under stress conditions.

REFERENCES

[1] Ackova DG 2018.Heavy metals and their general toxicity
for plants.Plant Sci. 5(1):14-8.

[2] Acosta-Motos J, Ortuño M, Bernal-Vicente A, Diaz-
Vivancos P, Sanchez-Blanco, M and Hernandez J. 2017
Plant Responses to Salt Stress: Adaptive
Mechanisms. Agronomy 7 18.

[3] Ahluwalia O, Singh PC and Bhatia R. 2021 A review on
drought stress in plants: Implications, mitigation and the
role of plant growth promoting rhizobacteria. Resources,
Environment and Sustainability 5 100032.

[4] Akula R and Ravishankar GA 2011 Influence of abiotic
stress signals on secondary metabolites in plants. Plant
Signaling & Behavior 6(11): 1720-1731.

[5] Ali S, Rizwan M, Zaid A, Arif MS, Yasmeen T, Hussain
A, Shahid MR, Bukhari SAH, Hussain, S and Abbasi GH
2018 5-Aminolevulinic Acid-Induced Heavy Metal Stress
Tolerance and Underlying Mechanisms in Plants. J Plant
Growth Regul 37: 1423–1436.

[6] Bashir SS, Hussain A, Hussain SJ, Wani OA, Nabi SZ,
Dar NA, Baloch FS and Mansoor S 2021 Plant drought
stress tolerance: understanding its physiological,
biochemical and molecular mechanisms. Biotechnology &
Biotechnological Equipment 35(1): 1912-1925.

[7] Bhandari K and Nayyar H 2014 Low Temperature Stress
in Plants: An Overview of Roles of Cryoprotectants in
Defense. In: Ahmad P and Wani M (eds) Physiological
Mechanisms and Adaptation Strategies in Plants Under
Changing Environment. Springer, New York.

[8] Cai B, Ning Y, Li Q, Li Q and Ai X 2022 Effects of the
Chloroplast Fructose-1,6-Bisphosphate Aldolase Gene on
Growth and Low-Temperature Tolerance of Tomato. Int J
MolSci 23 728.

[9] Cakmak I 2005 The role of potassium in alleviating
detrimental effects of abiotic stresses in plants. J Plant
Nutr Soil Sci 168: 521–530.

[10]Caparas M, Zobel Z, Castanho ADA and Schwalm
CR 2021 Increasing risks of crop failure and water
scarcity in global breadbaskets by 2030. Environ Res
Lett 16 104013.

[11]Choudhary AK, Singh S, Khatri N and Gupta R 2022
Hydrogen sulphide: an emerging regulator of plant
defencesignalling. Plant Biol J 24: 532-539.

[12]El-Amier Y, Elhindi K, El-Hendawy S, Al-Rashed S and
Abd-ElGawad A 2019 Antioxidant System and
Biomolecules Alteration in Pisumsativum under Heavy
Metal Stress and Possible Alleviation by 5-
Aminolevulinic Acid. Molecules 24 22 4194.

[13]El-Amier YA, Bonanomi G, Al-Rowaily SL and Abd-
ElGawad AM 2020 Ecological Risk Assessment of Heavy
Metals along Three Main Drains in Nile Delta and
Potential Phytoremediation by Macrophyte Plants. Plants
(Basel) 9 (7): 910.

[14]Emamverdian A, Ding Y, Mokhberdoran F and Xie Y
2015 Heavy Metal Stress and Some Mechanisms of Plant
Defense Response. The Scientific World
Journal 2015 Article ID 756120.

[15]Etesami H, Fatemi H and Rizwan M 2021 Interactions of
nanoparticles and salinity stress at physiological,
biochemical and molecular levels in plants: A review.
Ecotoxicol Environ Saf. 225:112769.

[16]FAO 2021 The impact of disasters and crises on
agriculture and food security: 2021. Rome.

[17]FAO 2022 The State of the World’s Land and Water
Resources for Food and Agriculture – Systems at
breaking point. Main report Rome.

[18]Firmansyah and N Argosubekti 2020 A review of heat
stress signaling in plants. IOP Conference Series: Earth
and Environmental Science, Volume 484, International
Conference on Sustainable Cereals and Crops Production
Systems in the Tropics 23-25 September 2019, Makassar
City, Indonesia.

[19]Gaur VK, Sharma P, Gaur P, Varjani S, Ngo HH, Guo W,
Chaturvedi P and Singhania RR 2021 Sustainable
mitigation of heavy metals from effluents: Toxicity and
fate with recent technological advancements.
Bioengineered 12(1): 7297-7313.

[20]Ghori NH, Ghori T, Hayat MQ, Imadi SR, Gul A, Altay
V and Ozturk M 2019 Heavy metal stress and responses
in plants. Int J Environ SciTechnol 16: 1807–1828.



IJSART - Volume 9 Issue 3 – MARCH 2023                                                                                     ISSN [ONLINE]: 2395-1052

Page | 310 www.ijsart.com

[21]Gill SS, Anjum NA, Gill R andTuteja N 2016 Abiotic
Stress Signaling in Plants–An Overview.Book chp. In:
Tuteja N and Gill SS (eds) Abiotic Stress Response in
Plants. Wiley-VCH, Verlag GmbH & Co. KGaA,
Weinheim, Germany.

[22]Haj-Amor Zied, Araya T, Kim Dong-Gill, Bouri S, Lee J,
Ghiloufi W, Yang Y, Kang H, Jhariya MK, Banerjee A
and Lal R 2022 Soil salinity and its associated effects on
soil microorganisms, greenhouse gas emissions, crop
yield, biodiversity and desertification: A review. Science
of The Total Environment 843 156946.

[23]Hasan R and Miyake H 2017 Salinity Stress Alters
Nutrient Uptake and Causes the Damage of Root and Leaf
Anatomy in Maize. In ICBS Conference Proceedings,
International Conference on Biological Science (2015),
KnE Life Sciences, pages 219–225.

[24]Hasanuzzaman M, Nahar K, Alam MM, Roychowdhury
R and Fujita M 2013 Physiological, biochemical, and
molecular mechanisms of heat stress tolerance in plants.
Int J MolSci 14(5): 9643-84.

[25]Hatfield JL and Prueger JH 2015 Temperature extremes:
Effect on plant growth and development. Weather and
Climate Extremes 10(A): 4-10.

[26]He Mei, He Cheng-Qiang and Ding Nai-Zheng 2018
Abiotic Stresses: General Defenses of Land Plants and
Chances for Engineering Multistress Tolerance. Frontiers
in Plant Science 9.

[27]Hernández JA 2019 Salinity Tolerance in Plants: Trends
and Perspectives. Int J MolSci 20 2408.

[28]Heydarian Z, Yu M, Gruber M, Coutu C, Robinson SJ
and Hegedus DD 2018 Changes in gene expression in
Camelina sativa roots and vegetative tissues in response
to salinity stress. Sci Rep 8(1):9804.

[29] Ibrahim EA 2016 Seed priming to alleviate salinity stress
in germinating seeds. J Plant Physiol 192: 38-46.

[30] Jaleel CA, Manivannan P, Wahid A, Farooq M,
Somasundaram R and Panneerselvam R 2009 Drought
stress in plants: a review on morphological characteristics
and pigments composition. Int J AgricBiol 11: 100–105

[31]Kai H and Iba K 2014 Temperature Stress in Plants. In:
eLS, John Wiley & Sons, Ltd (Ed.).

[32]Keyster M, Niekerk LA, Basson G, Carelse M, Bakare O,
Ludidi N, Klein A, Mekuto L and Gokul A 2020
Decoding Heavy Metal Stress Signalling in Plants:
Towards Improved Food Security and Safety. Plants
(Basel) 9(12):1781.

[33]Khalid MF, Hussain S, Ahmad S, Ejaz S, Zakir I, Ali
MA, Ahmed N and Anjum MA 2019 Impacts of Abiotic
Stresses on Growth and Development of Plants. In:
Hasanuzzaman M, Fujita M, Oku H and Islam MT
(eds)Plant Tolerance to Environmental Stress, CRC Press,
Boca Raton.

[34]Koźmińska A, Wiszniewska A, Hanus-Fajerska E and
Muszyńska E 2018 Recent strategies of increasing metal
tolerance and phytoremediation potential using genetic
transformation of plants. Plant Biotechnol Rep 12(1):1-
14.

[35]Mi N, Hao W, Zhou Z, Li L, Wang F and Gai J 2022
Effects of Amendments and Indigenous Microorganisms
on the Growth and Cd and Pb Uptake of Coriander
(Coriandrumsativum L.) in Heavy Metal-Contaminated
Soils. Toxics 10(8):408.

[36]Morad-Talab N and Hajiboland R 2016 MicroRNAs and
their role in drought stress response in plants. In: Ahmad
P (ed) Water Stress and Crop Plants: A Sustainable
Approach, John Wiley & Sons, Ltd.

[37]Nakaminami K, Okamoto M, Higuchi-Takeuchi M,
Yoshizumi T, Yamaguchi Y, Fukao Y, Shimizu
M, Ohashi C, Tanaka M, Matsui M, Shinozaki K, Seki M
and Hanada K 2018 AtPep3 is a hormone-like peptide
that plays a role in the salinity stress tolerance of plants.
PNAS 115(22): 5810-5815.

[38]Osakabe Y, Osakabe K, Shinozaki K and Tran L-SP 2014
Response of plants to water stress. Front Plant Sci 5:86.

[39]Oshunsanya SO, Nwosu NJ and Li Y 2019 Abiotic Stress
in Agricultural Crops Under Climatic Conditions. In:
Jhariya M, Banerjee A, Meena R and Yadav D (eds)
Sustainable Agriculture, Forest and Environmental
Management, Springer, Singapore.

[40]Ozturk M, Turkyilmaz UB, García-Caparrós
P, Khursheed A, Gul A and Hasanuzzaman M
2021 Osmoregulation and its actions during the drought
stress in plants. PhysiologiaPlantarum 172: 1321– 1335.

[41]Pathak J, Ahmed H, Kumari N, Pandey A, Rajneesh and
Sinha RP 2020 Role of calcium and potassium in
amelioration of environmental stress in plants. In:
Roychoudhury A and Tripathi DK (eds) Protective
chemical agents in the amelioration of plant abiotic stress:
biochemical and molecular perspectives. John Wiley &
Sons Ltd., Hoboken, NJ.

[42]Perelman A, Imas P and Bansal SK 2022 Potassium Role
in Plants’ Response to Abiotic Stresses. In: Iqbal N and
Umar S (eds) Role of Potassium in Abiotic Stress.
Springer, Singapore.

[43]Pongprayoon W, Siringam T, Panya A and Roytrakul S
2022 Application of Chitosan in Plant Defense Responses
to Biotic and Abiotic Stresses. Applied Science and
Engineering Progress 15(1): 1-10.

[44]Sage TL, Bagha S, Lundsgaard-Nielsen V Branch HA,
Sultmanis S and Sage RF 2015 The effect of high
temperature stress on male and female reproduction in
plants. Field Crops Research 182 (30): 30-42.

[45]Seleiman MF, Al-Suhaibani N, Ali N, Akmal M, Alotaibi
M, Refay Y, Dindaroglu T, Abdul-Wajid HH and



IJSART - Volume 9 Issue 3 – MARCH 2023                                                                                     ISSN [ONLINE]: 2395-1052

Page | 311 www.ijsart.com

Battaglia ML 2021 Drought Stress Impacts on Plants and
Different Approaches to Alleviate Its Adverse Effects.
Plants (Basel) 10(2):259.

[46]Shah WH, Rasool A, Saleem S, Mushtaq NU, Tahir I,
Hakeem KR and Rehman RU 2021 Understanding the
Integrated Pathways and Mechanisms of Transporters,
Protein Kinases, and Transcription Factors in Plants under
Salt Stress. International Journal of
Genomics 2021 Article ID 5578727.

[47]Shen J, Wang S, Sun L, Wang Y, Fan K, Li C, Wang H,
Bi C, Zhang F and Ding Z 2022 Dynamic Changes in
Metabolic and Lipidomic profiles of Tea Plants during
Drought Stress and Re-watering. Front Plant Sci
13:978531.

[48]Singh PK and Gautam S 2013 Role of salicylic acid on
physiological and biochemical mechanism of salinity
stress tolerance in plants. ActaPhysiol Plant 35: 2345–
2353.

[49]Skiba E and Wolf WM 2017 Commercial phenoxyacetic
herbicides control heavy metal uptake by wheat in a
divergent way than pure active substances alone. Environ
SciEur 29(1):26.

[50]Sun Q, Miao C, Hanel M, Borthwick AGL, Duan Q, Ji D
and Li H 2019 Global heat stress on health, wildfires, and
agricultural crops under different levels of climate
warming. Environment International 128: 125-136.

[51]Takahashi F, Kuromori T, Urano K, Yamaguchi-
Shinozaki K and Shinozaki K 2020 Drought Stress
Responses and Resistance in Plants: From Cellular
Responses to Long-Distance Intercellular
Communication. Front Plant Sci 11:556972.

[52]Thakur P and Nayyar H 2013 Facing the Cold Stress by
Plants in the Changing Environment: Sensing, Signaling,
and Defending Mechanisms. In: Tuteja N and Singh Gill
S (eds) Plant Acclimation to Environmental Stress.
Springer, New York.

[53]TiwariS,Awasthi A, Agnihotri S, and Pandey S
2021Assessment of factors responsible for forest loss in
tropics, International Journal of Environmental &
Agriculture Research, 7: 27-31.

[54]Tiwari S and Lata C 2018 Heavy Metal Stress, Signaling,
and Tolerance Due to Plant-Associated Microbes: An
Overview. Front Plant Sci 9: 452.

[55]Wang M, Zheng Q, Shen Q and Guo S 2013 The Critical
Role of Potassium in Plant Stress Response. International
Journal of Molecular Sciences 14(4):7370-7390.

[56]Waqas MA, Kaya C, Riaz A, Farooq M, Nawaz I, Wilkes
A and Li Y 2019 Potential Mechanisms of Abiotic Stress
Tolerance in Crop Plants Induced by Thiourea. Front
Plant Sci 10:1336.

[57]Xie J, Dawwam GE, Sehim AE, Li X, Wu J, Chen S and
Zhang D 2021 Drought Stress Triggers Shifts in the Root

Microbial Community and Alters Functional Categories
in the Microbial Gene Pool. Front Microbiol 12:744897.

[58]Yadav SK 2010Heavy metals toxicity in plants: An
overview on the role of glutathione and phytochelatins in
heavy metal stress tolerance of plants. South African
Journal of Botany 76(2): 67-179.

[59]Yadav S, Modi P, Dave A, Vijapura A, Patel D and Patel
M 2020 Effect of Abiotic Stress on Crops. In:
Hasanuzzaman M, Filho MCMT, Fujita M and Nogueira
TAR (eds) Sustainable Crop Production,Intechopen,
United Kingdom.

[60]Yuanyuan M, Zhang Y, Lu J and Shao H 2010 Roles of
plant soluble sugars and their responses to plant cold
stress. Afr J Biotechnol 8:2004–2010.

[61]Zhao S, Zhang Q, Liu M, Zhou H, Ma C and Wang P
2021 Regulation of Plant Responses to Salt Stress. Int J
MolSci 22(9): 4609.


