
EDITED BY :  Naser A. Anjum, Sarvajeet Singh Gill, Francisco J. Corpas, 

Cristina Ortega-Villasante, Luis E. Hernandez, Narendra Tuteja, 

Adriano Sofo, Mirza Hasanuzzaman and Masayuki Fujita

PUBLISHED IN : Frontiers in Plant Science

RECENT INSIGHTS INTO THE 
DOUBLE ROLE OF HYDROGEN 
PEROXIDE IN PLANTS

https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/journals/plant-science


Frontiers in Plant Science 1 February 2022 | Double Role of H
2
O

2
 in Plants

About Frontiers

Frontiers is more than just an open-access publisher of scholarly articles: it is a 

pioneering approach to the world of academia, radically improving the way scholarly 

research is managed. The grand vision of Frontiers is a world where all people have 

an equal opportunity to seek, share and generate knowledge. Frontiers provides 

immediate and permanent online open access to all its publications, but this alone 

is not enough to realize our grand goals.

Frontiers Journal Series

The Frontiers Journal Series is a multi-tier and interdisciplinary set of open-access, 

online journals, promising a paradigm shift from the current review, selection and 

dissemination processes in academic publishing. All Frontiers journals are driven 

by researchers for researchers; therefore, they constitute a service to the scholarly 

community. At the same time, the Frontiers Journal Series operates on a revolutionary 

invention, the tiered publishing system, initially addressing specific communities of 

scholars, and gradually climbing up to broader public understanding, thus serving 

the interests of the lay society, too.

Dedication to Quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely 

collaborative interactions between authors and review editors, who include some 

of the world’s best academicians. Research must be certified by peers before entering 

a stream of knowledge that may eventually reach the public - and shape society; 

therefore, Frontiers only applies the most rigorous and unbiased reviews. 

Frontiers revolutionizes research publishing by freely delivering the most outstanding 

research, evaluated with no bias from both the academic and social point of view.

By applying the most advanced information technologies, Frontiers is catapulting 

scholarly publishing into a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers Journals 

Series: they are collections of at least ten articles, all centered on a particular subject. 

With their unique mix of varied contributions from Original Research to Review 

Articles, Frontiers Research Topics unify the most influential researchers, the latest 

key findings and historical advances in a hot research area! Find out more on how 

to host your own Frontiers Research Topic or contribute to one as an author by 

contacting the Frontiers Editorial Office: frontiersin.org/about/contact

Frontiers eBook Copyright Statement

The copyright in the text of 
individual articles in this eBook is the 

property of their respective authors 
or their respective institutions or 

funders. The copyright in graphics 
and images within each article may 

be subject to copyright of other 
parties. In both cases this is subject 

to a license granted to Frontiers.

The compilation of articles 
constituting this eBook is the 

property of Frontiers.

Each article within this eBook, and 
the eBook itself, are published under 

the most recent version of the 
Creative Commons CC-BY licence. 

The version current at the date of 
publication of this eBook is 

CC-BY 4.0. If the CC-BY licence is 
updated, the licence granted by 

Frontiers is automatically updated to 
the new version.

When exercising any right under the 
CC-BY licence, Frontiers must be 

attributed as the original publisher 
of the article or eBook, as 

applicable.

Authors have the responsibility of 
ensuring that any graphics or other 
materials which are the property of 

others may be included in the 
CC-BY licence, but this should be 

checked before relying on the 
CC-BY licence to reproduce those 

materials. Any copyright notices 
relating to those materials must be 

complied with.

Copyright and source 
acknowledgement notices may not 
be removed and must be displayed 

in any copy, derivative work or 
partial copy which includes the 

elements in question.

All copyright, and all rights therein, 
are protected by national and 

international copyright laws. The 
above represents a summary only. 

For further information please read 
Frontiers’ Conditions for Website 

Use and Copyright Statement, and 
the applicable CC-BY licence.

ISSN 1664-8714 
ISBN 978-2-88974-524-1 

DOI 10.3389/978-2-88974-524-1

https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/journals/plant-science
http://www.frontiersin.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/about/contact


Frontiers in Plant Science 2 February 2022 | Double Role of H
2
O

2
 in Plants

RECENT INSIGHTS INTO THE 
DOUBLE ROLE OF HYDROGEN 
PEROXIDE IN PLANTS

Topic Editors: 
Naser A. Anjum, Aligarh Muslim University, India
Sarvajeet Singh Gill, Maharshi Dayanand University, India 
Francisco J. Corpas, Department of Biochemistry, Cell and Molecular Biology of 
Plants, Experimental Station of Zaidín, Spanish National Research Council (CSIC), 
Spain
Cristina Ortega-Villasante, Autonomous University of Madrid, Spain
Luis E. Hernandez, Autonomous University of Madrid, Spain 
Narendra Tuteja, International Centre for Genetic Engineering and Biotechnology 
(India), India
Adriano Sofo, University of Basilicata, Italy
Mirza Hasanuzzaman, Sher-e-Bangla Agricultural University, Bangladesh 
Masayuki Fujita, Kagawa University, Japan

Citation: Anjum, N. A., Gill, S. S., Corpas, F. J., Ortega-Villasante, C., Hernandez, L. 
E., Tuteja, N., Sofo, A., Hasanuzzaman, M., Fujita, M., eds. (2022). Recent Insights 
Into the Double Role of Hydrogen Peroxide in Plants. Lausanne: Frontiers Media SA. 
doi: 10.3389/978-2-88974-524-1

https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/journals/plant-science
http://doi.org/10.3389/978-2-88974-524-1


Frontiers in Plant Science 3 February 2022 | Double Role of H
2
O

2
 in Plants

05 Editorial: Recent Insights Into the Double Role of Hydrogen Peroxide in 
Plants

Naser A. Anjum, Sarvajeet Singh Gill, Francisco J. Corpas, 
Cristina Ortega-Villasante, Luis E. Hernandez, Narendra Tuteja, 
Adriano Sofo, Mirza Hasanuzzaman and Masayuki Fujita

09 Hydrogen Peroxide Priming Modulates Abiotic Oxidative Stress 
Tolerance: Insights From Ros Detoxification And Scavenging

Mohammad A. Hossain, Soumen Bhattacharjee, Saed-Moucheshi Armin, 
Pingping Qian, Wang Xin, Hong-Yu Li, David J. Burritt, Masayuki Fujita and 
Lam-Son P. Tran

28 Hydrogen Peroxide Alleviates Nickel-Inhibited Photosynthetic Responses 
Through Increase in Use-Efficiency of Nitrogen and Sulfur, and 
Glutathione Production in Mustard

M. I. R. Khan, Nafees A. Khan, Asim Masood, Tasir S. Per and Mohd Asgher

48 Different Modes of Hydrogen Peroxide Action During Seed Germination

Łukasz Wojtyla, Katarzyna Lechowska, Szymon Kubala and 
Małgorzata Garnczarska

64 Hydrogen Peroxide Signaling in Plant Development and Abiotic 
Responses: Crosstalk with Nitric Oxide and Calcium

Lijuan Niu and Weibiao Liao

78 Identification and Comparative Analysis of H
2
O

2
-Scavenging Enzymes 

(Ascorbate Peroxidase and Glutathione Peroxidase) in Selected Plants 
Employing Bioinformatics Approaches

Ibrahim I. Ozyigit, Ertugrul Filiz, Recep Vatansever, Kuaybe Y. Kurtoglu, 
Ibrahim Koc, Münir X. Öztürk and Naser A. Anjum

101 Hydrogen Peroxide, Signaling in Disguise During Metal Phytotoxicity

Ann Cuypers, Sophie Hendrix, Rafaela Amaral dos Reis, Stefanie De Smet, 
Jana Deckers, Heidi Gielen, Marijke Jozefczak, Christophe Loix, 
Hanne Vercampt, Jaco Vangronsveld and Els Keunen

126 Cross Talk Between H
2
O

2
 and Interacting Signal Molecules Under Plant 

Stress Response

Ina Saxena, Sandhya Srikanth and Zhong Chen

142 Brassinosteroid Ameliorates Zinc Oxide Nanoparticles-Induced Oxidative 
Stress by Improving Antioxidant Potential and Redox Homeostasis in 
Tomato Seedling

Mengqi Li, Golam J. Ahammed, Caixia Li, Xiao Bao, Jingquan Yu, 
Chunlei Huang, Hanqin Yin and Jie Zhou

155 Tuning of Redox Regulatory Mechanisms, Reactive Oxygen Species and 
Redox Homeostasis Under Salinity Stress

M. Sazzad Hossain and Karl-Josef Dietz

Table of Contents

https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/journals/plant-science


Frontiers in Plant Science 4 February 2022 | Double Role of H
2
O

2
 in Plants

170 A Different Pattern of Production and Scavenging of Reactive Oxygen 
Species in Halophytic Eutrema salsugineum (Thellungiella salsuginea) 
Plants in Comparison to Arabidopsis thaliana and Its Relation to Salt 
Stress Signaling

Maria Pilarska, Monika Wiciarz, Ivan Jajić, Małgorzata Kozieradzka-Kiszkurno, 
Petre Dobrev, Radomíra Vanková and Ewa Niewiadomska

182 Patterns of ROS Accumulation in the Stigmas of Angiosperms and Visions 
into Their Multi-Functionality in Plant Reproduction

Adoración Zafra, Juan D. Rejón, Simon J. Hiscock and Juan de Dios Alché

189 Involvement of Polyamine Oxidase-Produced Hydrogen Peroxide During 
Coleorhiza-Limited Germination of Rice Seeds

Bing-Xian Chen, Wen-Yan Li, Yin-Tao Gao, Zhong-Jian Chen, Wei-Na Zhang, 
Qin-Jian Liu and Zhuang Chen

202 Corrigendum: Involvement of Polyamine Oxidase-Produced Hydrogen 
Peroxide During Coleorhiza-Limited Germination of Rice Seeds

Bing-Xian Chen, Wen-Yan Li, Yin-Tao Gao, Zhong-Jian Chen, Wei-Na Zhang, 
Qin-Jian Liu and Zhuang Chen

203 Hydrogen Peroxide and Polyamines Act as Double Edged Swords in Plant 
Abiotic Stress Responses

Kamala Gupta, Atreyee Sengupta, Mayukh Chakraborty and Bhaskar Gupta

222 Reactive Oxygen Species (ROS): Beneficial Companions of Plants’ 
Developmental Processes

Rachana Singh, Samiksha Singh, Parul Parihar, Rohit K. Mishra, 
Durgesh K. Tripathi, Vijay P. Singh, Devendra K. Chauhan and Sheo M. Prasad

241 Abscisic Acid-Induced H
2
O

2
 Accumulation Enhances Antioxidant Capacity 

in Pumpkin-Grafted Cucumber Leaves Under Ca(NO
3
)

2
 Stress

Sheng Shu, Pan Gao, Lin Li, Yinghui Yuan, Jin Sun and Shirong Guo

251 ROS-Mediated Inhibition of S-nitrosoglutathione Reductase Contributes 
to the Activation of Anti-oxidative Mechanisms

Izabella Kovacs, Christian Holzmeister, Markus Wirtz, Arie Geerlof, 
Thomas Fröhlich, Gaby Römling, Gitto T. Kuruthukulangarakoola, 
Eric Linster, Rüdiger Hell, Georg J. Arnold, Jörg Durner and 
Christian Lindermayr

268 ROS Production and Scavenging Under Anoxia and Re-Oxygenation in 
Arabidopsis Cells: A Balance Between Redox Signaling and Impairment

Annalisa Paradiso, Sofia Caretto, Antonella Leone, Anna Bove, Rossella Nisi 
and Laura De Gara

279 Glutathionylation of Pea Chloroplast 2-Cys Prx and Mitochondrial Prx IIF 
Affects Their Structure and Peroxidase Activity and Sulfiredoxin 
Deglutathionylates Only the 2-Cys Prx

Aingeru Calderón, Alfonso Lázaro-Payo, Iván Iglesias-Baena, Daymi Camejo, 
Juan J. Lázaro, Francisca Sevilla and Ana Jiménez

291 Hydrogen Peroxide Pretreatment Mitigates Cadmium-Induced Oxidative 
Stress in Brassica napus L.: An Intrinsic Study on Antioxidant Defense and 
Glyoxalase Systems

Mirza Hasanuzzaman, Kamrun Nahar, Sarvajeet S. Gill, Hesham F. Alharby, 
Bam H. N. Razafindrabe and Masayuki Fujita

https://www.frontiersin.org/research-topics/3819/recent-insights-into-the-double-role-of-hydrogen-peroxide-in-plants
https://www.frontiersin.org/journals/plant-science


EDITORIAL
published: 28 January 2022

doi: 10.3389/fpls.2022.843274

Frontiers in Plant Science | www.frontiersin.org 1 January 2022 | Volume 13 | Article 843274

Edited and reviewed by:

Anna N. Stepanova,

North Carolina State University,

United States

*Correspondence:

Naser A. Anjum

dnaanjum@gmail.com

Sarvajeet Singh Gill

ssgill14@yahoo.co.in

†These authors share first authorship

Specialty section:

This article was submitted to

Plant Physiology,

a section of the journal

Frontiers in Plant Science

Received: 25 December 2021

Accepted: 04 January 2022

Published: 28 January 2022

Citation:

Anjum NA, Gill SS, Corpas FJ,

Ortega-Villasante C, Hernandez LE,

Tuteja N, Sofo A, Hasanuzzaman M

and Fujita M (2022) Editorial: Recent

Insights Into the Double Role of

Hydrogen Peroxide in Plants.

Front. Plant Sci. 13:843274.

doi: 10.3389/fpls.2022.843274

Editorial: Recent Insights Into the
Double Role of Hydrogen Peroxide in
Plants

Naser A. Anjum 1*†, Sarvajeet Singh Gill 2*†, Francisco J. Corpas 3,

Cristina Ortega-Villasante 4, Luis E. Hernandez 5, Narendra Tuteja 6, Adriano Sofo 7,

Mirza Hasanuzzaman 8 and Masayuki Fujita 9

1Department of Botany, Aligarh Muslim University, Aligarh, India, 2 Stress Physiology and Molecular Biology Lab, Centre for

Biotechnology, MD University, Rohtak, India, 3Department of Biochemistry, Cell and Molecular Biology of Plants,

Experimental Station of Zaidín, Spanish National Research Council (CSIC), Granada, Spain, 4 Fisiología Vegetal (Plant

Physiology Laboratory), Dpto. Biología (Biology Department), Universidad Autónoma de Madrid, Madrid, Spain, 5 Laboratory

of Plant Physiology, Department of Biology/Research Centre for Biodiversity and Global Change, Universidad Autónoma

Madrid, Madrid, Spain, 6 Plant Molecular Biology Group, International Centre for Genetic Engineering and Biotechnology

(ICGEB), New Delhi, India, 7Department of European and Mediterranean Cultures: Architecture, Environment, and Cultural

Heritage (DICEM), University of Basilicata, Potenza, Italy, 8Department of Agronomy, Faculty of Agriculture, Sher-e-Bangla

Agricultural University, Dhaka, Bangladesh, 9 Laboratory of Plant Stress Responses, Department of Applied Biological

Science, Faculty of Agriculture, Kagawa University, Takamatsu, Japan

Keywords: abiotic stresses, hydrogen peroxide, H2O2-metabolism, priming, plant stress tolerance

Editorial on the Research Topic

Recent Insights Into the Double Role of Hydrogen Peroxide in Plants

Reactive oxygen species (ROS) of varied types can be yielded in plants at several primary sites
(such as the chloroplast, mitochondria, and peroxisomes) under normal aerobic metabolism via
processes including photosynthetic and respiratory electron transport chains. However, impaired
oxidant-antioxidant balance and extreme growth conditions in plants are bound to cause increases
in the cellular concentrations of radical and non-radical ROS such as superoxide anions (O2•−),
hydroxyl radical (OH•), singlet oxygen (1O

2), and hydrogen peroxide (H2O2). On the one hand,
H2O2 has no unpaired electrons and is moderately reactive. Owing to its relative stability compared
to other ROS and its capacity for diffusing through aquaporins in the membranes and over more
considerable distances within the cell (Bienert et al., 2007), H2O2 acts as a stress signal transducer
and contributes to numerous physiological functions in plants. On the other hand, H2O2 is a
relatively long-lived molecule with a half-life of 1ms, readily crosses biological membranes, and
consequently can bring oxidative consequences far from the site of its formation (Neill et al., 2002;
Sharma et al., 2012; Sehar et al., 2021). The Frontiers Research Topic “Recent Insights into the Double
Role of Hydrogen Peroxide in Plants” highlighted the major mechanisms underlying the dual role
of H2O2 in response to different abiotic stresses in plants. This Research Topic incorporated 19
publications, including 10 original research articles, 8 reviews, and one perspective article.

H2O2-METABOLISM AND H2O2-PRIMING ROLES IN ABIOTIC

STRESS MANAGEMENT

As a potent signaling molecule H2O2 gets produced in routine in stressed or
non-stressed conditions via dismutation of O2•− radicals through superoxide
dismutase (SOD) during electron transport in different compartments of the plant

5
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cell, and is involved in the regulation of the plant growth,
metabolism, and stress tolerance. It has also been noted that
at higher concentrations in the cell during oxidative stress,
ROS, including H2O2, can oxidize vital biomolecules (like
nucleic acids, proteins, and lipids) and significantly impacts the
seed germination process (Wojtyla et al.). Among the major
abiotic stress factors, several heavy metals provoke increases
in the production of ROS through plasma membrane-bound
NADPH oxidases. However, the relationship of H2O2 has
also been established in heavy metal tolerance in crop plants
(Cuypers et al.). H2O2 directly mediates metal-induced oxidative
signaling, where the production of H2O2 may involve H2O2

receptors, redox-sensitive transcription factors and inhibition
of phosphatases (Miller et al., 2008). H2O2 sensing in metal-
exposed plants also involves activation of mitogen-activated
protein kinase (MAPK) pathways (Opdenakker et al., 2012).
Additionally, interaction of H2O2 with Ca2+ (Baliardini et al.,
2015), NO (Arasimowicz-Jelonek et al., 2012) and oxylipins
(Tamás et al., 2009; Keunen et al., 2013) was also reported
in metal-exposed plants. Though excess accumulation of H2O2

and polyamines (PAs) can be detrimental for the plant cell
leading to premature cell death, a fine-tuning of these signaling
molecules (H2O2 and PAs) can result in stress management
by coordinating intra-cellular and systemic signaling systems
(Gupta et al.). Polyamine oxidase (PAO)-induced production of
H2O2 was found to be involved in the coleorhiza-limited rice
seed germination (Chen et al.). ROS-specific probe DCFH2-DA
enabled confocal laser scanning microscopy revealed a high level
of ROS in the stigma at different developmental stages (unopened
flower buds, recently opened flowers, dehiscent anthers, and
flowers after fertilization) of scrutinized plants (Zafra et al.).

During evolution, plants have developed an efficient ROS-
scavenging system constituting an array of enzymatic (SOD;
CAT, catalase; APX, ascorbate peroxidase; GR, glutathione
reductase; MDHAR, monodehydroascorbate reductase; DHAR,
dehydroascorbate reductase; GPX, glutathione peroxidase;
GOPX, guaiacol peroxidase, and GST, glutathione-S-transferase)
and non-enzymatic (AsA, ascorbic acid; GSH, glutathione;
phenolic compounds, alkaloids, non-protein amino acids, and
α-tocopherols) antioxidants to get rid of excessive ROS in the
cell (Singh et al.). Notably, NADH oxidase (RBOH), alternative
oxidase (AOX), the plastid terminal oxidase (PTOX), and
the malate valve with the malate dehydrogenase isoforms are
involved in maintenance of the cellular redox homeostasis under
salinity stress (Hossain and Dietz). In Arabidopsis cell suspension
cultures, anoxia stress/shock led to significant increases in H2O2

(and also nitric oxide, NO); however, re-oxygenation maintained
the components of ROS scavenging machinery like ascorbate-
glutathione (AsA-GSH) system, α-tocopherol, and eventual cell
survival as result of decreased H2O2 (Paradiso et al.). Eutrema
salsugineum (halophyte) and Arabidopsis thaliana (glycophyte)
exhibited a differential pattern of accumulation and scavenging
of ROS. In particular, compared to A. thaliana chloroplasts, E.
salsugineum chloroplasts showed a constitutive increase and
the cell’s steady-state regulation of H2O2 level which prepared
this plant for ROS-control mainly due to an efficient ROS-
scavenging machinery including glucosinolates content and

well-coordinated tuning of hormonal signaling (Pilarska et al.).
Elevation in the cellular level of H2O2 and its consequences
can be controlled by brassinosteroids, a class of plant-specific
essential steroid hormones. To this end, in tomato seedlings,
brassinosteroid (24-epibrassinolide) ameliorated the impacts of
zinc oxide nanoparticles-caused elevated H2O2 by enhancing
the activity of enzyme involved in superoxide-dismutation
(SOD), H2O2-metabolizing enzymes (catalase, CAT; and APX),
increasing GSH-regeneration (as a result of increased GSH
reductase activity; and consequently decreasing GSH-oxidation),
finally inducing the transcripts of Cu/Zn SOD, GSH1, CAT1,
and GR1 (Li et al.). In a comprehensive in silico study, APX
and GSH-peroxidase (GPX) genes/proteins from 18 different
plant species were identified and compared in order to unravel
their significance in excessive H2O2 management (Ozyigit
et al.). Notably, APX and GPX were found to be involved in the
metabolism of antioxidants and secondary metabolites, redox
homeostasis, stress adaptation, and photosynthesis/respiration.
The major redox proteins namely plant peroxiredoxins (Prxs)
and sulfiredoxins (Srxs) are involved in antioxidant defense and
redox signaling in stressed plants. Srxs were are also found to be
involved in antioxidant defense and redox signaling in response
to environmental stimuli; post-translational modifications of
Srxs regulate the ROS-transduction and bioactivity. On the other
hand, Prxs are sensitive to glutathionylation. Investigation of the
glutathionylation of recombinant chloroplastic 2-Cys Prx and
mitochondrial Prx IIF of pea plants revealed glutathionylation-
mediated change of the decameric form of 2-Cys Prx into
its dimeric glutathionylated form. Additionally, the reduced
dimeric form of Prx IIF was glutathionylated without changing
its oligomeric state (Calderón et al.). Thus, glutathionylation
was argued to depend on the GSH/GSSG ratio owing to the
perceptible difference in the exact effect on the 2-Cys Prx and
Prx IIF proteins.

H2O2-priming (exposure of seeds, seedlings, or plants to
stressors/chemical compounds that makes them ready to tolerate
the later stress events) helps in biotic and abiotic stress tolerance
in various crop plants by triggering the ROS scavenging
machinery (Dikilitas et al., 2020). Exogenous supply of H2O2

can induce stress tolerance under salt, drought, chilling, high
temperatures, and heavy metal stress (Hossain et al.). In a study
on mustard (Brassica juncea L.) cultivars, H2O2-induced reversal
of the major negative impacts of Ni stress (200mg Ni kg−1

soil) led to increased photosynthetic nitrogen-use efficiency,
sulfur-use efficiency, and GSH content and decreased levels of
lipid peroxidation and electrolyte leakage (Khan et al.). Notably,
H2O2 priming-mediated increased tolerance to cadmium-caused
oxidative stress in Brassica napus involved fine-tuning between
the glyoxalase system and the components of ROS-scavenging
machinery (Hasanuzzaman et al.).

H2O2 CROSSTALK WITH OTHER

MOLECULES

Along with H2O2, other signalingmolecules (such as nitric oxide,
NO; and calcium, Ca2+) and phytohormones (such as jasmonic
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acid, JA; salicylic acid, SA; and abscisic acid, ABA) play key roles
in stress signaling cascades and crosstalk during plants’ stress
responses (Saxena et al., 2016). To this end, the crosstalk of
H2O2 with NO and Ca2+ was argued to contribute to regulation
of the plant development and abiotic stress responses (Niu and
Liao). Notably, the role of SA in adventitious root formation
involved H2O2 acting as a downstream messenger (Yang et al.,
2013). Having emerged as a master regulator of stress responses,
ABA signaling pathway triggers significant changes in gene
expression and plants’ adaptive physiological responses (Saxena
et al., 2016). There occurs a close relation among the MAPK
cascades, ABA, JA, SA, and H2O2 where exogenous application
of H2O2 triggers MAPK cascade, which in turn involves ABA,
JA, and SA (Saxena et al.). ABA-induced H2O2 accumulation
can protect plant parts (such as pumpkin-grafted cucumber
leaves) against Ca(NO3)2 via ABA/H2O2 signaling-led induction
of ROS-scavenging machinery (Shu et al.). S-nitrosoglutathione
reductase (GSNOR) determines the level of S-nitrosothiol and
thereby regulates NO-signaling in plants (Lindermayr, 2018;
Jahnová et al., 2019). In A. thaliana, H2O2 in vitro led to
inhibition of the activity of GSNOR and significantly changed
NO-homeostasis, which in turn resulted in the activation of ROS-
scavenging machinery in order to suppress the oxidative damage
(Kovacs et al.).

CONCLUSIONS AND FUTURE

PERSPECTIVE

In the current Research Topic “Recent insights into the double
role of hydrogen peroxide in plants,” the contributions discussed

the versatile role of H2O2 as a signaling molecule that triggers
the upregulation of the components of antioxidant defense
machinery and imparts tolerance in crop plants against the
variety of environmental cues. The crosstalk of H2O2 with
other signaling molecules and phytohormones leads to signal
transduction in response to various stresses and regulates
plant growth, development, and stress tolerance. Therefore,
further understanding on the coordination of H2O2 and other
signaling molecules NO, Ca2+, MAPK, SA, and ABA can pave
the way to achieving tolerance in crop plants to increasing
stress conditions.
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