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Abstract Salt stress can induce ionic stress and osmotic stress in plant cells. 
A direct result of these primary effects is the enhanced accumulation of  reactive 
oxygen species (ROS) that are harmful to plant cells at high concentrations. To cope 
with the oxidative stress resulting from the ROS, higher plants have  developed a 
complex scavenging system including enzymatic and non-enzymatic ( antioxidants) 
system. In plant cells, specific ROS producing and scavenging  systems are found in 
different organelles such as chloroplasts, mitochondria, and peroxisomes; and the 
ROS-scavenging pathways from different cellular compartments are coordinated. 
Relatively low levels of ROS can be used for signaling molecules to control abiotic 
stress responses. Coordinated work of ROS-scavenging pathways from different 
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cellular compartments in modulating the level of ROS in cells preventing cellular 
damage and controlling ROS signaling may play a key role in plant salt tolerance. 
Here we attempt to summarize the recent researches on ROS and the mechanism 
of salt tolerance of plants under salt stress, and we also propose some perspectives 
involved in ROS and plant salt tolerances in the future.

1 Introduction

Salinity is a worldwide problem that limits distribution and production of major crops. 
One-fifth of irrigated agriculture is adversely affected by soil salinity (Flowers and Yeo 
1995). So increasing crop salt tolerance is essential for sustaining food production.

Salinity can induce ionic stress and osmotic stress. As a consequence of these 
primary effects, secondary stresses such as oxidative stress often occur. Salt stress 
induces the accumulation of reactive oxygen species (ROS) that are harmful to 
plant cells at high concentrations. They cause oxidative damage to membrane 
 lipids, proteins, and nucleic acids (Gómez et al. 1999; Hernández et al. 2001). 
Therefore, it is important to understand how plants respond and adapt to oxidative 
stress. Antioxidant resistance mechanisms may provide a strategy to enhance plant 
salt tolerance. In this review, recent progress in research on oxidative stress induced 
by salinity and salt tolerance is discussed.

Molecular oxygen (O
2
) has a relatively low reactivity toward most biological 

substances. Partially reduced forms of O
2
 are extremely reactive and may oxidize 

biological molecules. Reduction of O
2
 to an active oxygen molecule results from 

the addition of one, two, or three electrons to form a superoxide radical (O
2

−),
hydrogen peroxide (H

2
O

2
), or hydroxyl radical (OH•), respectively (Asada and 

Takahashi 1987; Apel and Hirt 2004).
The first step in O

2
 reduction produces O

2
−. The half-life for O

2
− is  approximately 

2–4 ms. O
2
− can oxidize specific amino acids, such as histidine, methionine, and 

tryptophane. In the cellular environment, O
2

− also causes lipid peroxidation, thereby 
weakening cell membranes. Via the Mehler reaction, more harmful ROS such as 
OH• are produced if O

2
− accumulates in the cells.

The second O
2
 reduction generates H

2
O

2
, a relatively long-lived molecule (1 ms) that 

can diffuse some distance from its site of production (Levine et. al. 1994; Willekens et. 
al. 1997). H

2
O

2
 can oxidize SH groups. The biological toxicity of H

2
O

2
 can be enhanced 

in the presence of metal catalysts through Haber–Weiss or Fenton-type reactions.
The third production of reduced oxygen is that of the hydroxyl radical (OH•). 

It is the most reactive ROS causing oxidative damage and has a half-life of <1 ms. 
As result, it has a very high affinity for biological molecules at its site of 
 production, reacting at almost diffusion-controlled rates. There is no specific 
 antioxidant to scavenging the OH•. So the cell should be equipped with a perfect 
scavenging  system for O

2
− and H

2
O

2
 to protect itself from oxidative damage.

Under high salinity conditions, the production of ROS is increased dramatically 
and the physiological homeostasis of the cell is disrupted. To cope with the 
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 oxidative stress resulting from the ROS, higher plants have developed a complex 
antioxidant system consisting of low molecular weight antioxidants, including 
 carotenoids, ascorbate, glutathione (GSH), and tocopherol (V

E
), as well as 

 antioxidant-enzymes such as superoxide dismutases (SOD), catalase (CAT), and 
the ascorbate–glutathione cycle (Asada 1999).

2 Production of ROS in Plant Cells Under Salinity

Under normal conditions, the production and removal of ROS are at an  equilibrium. 
Many stresses such as salt stress, drought, chilling, heat shock, and  high-light stress 
disturb the balance and enhance the production of ROS. In plants, ROS are continu-
ously produced predominantly in chloroplasts,  mitochondria, and peroxisomes.

2.1 Chloroplasts

The chloroplast is considered to be a focal point of ROS metabolism because, under 
light, the oxygen pressure in chloroplasts is much higher than in other organelles. 
Therefore, the chloroplast is considered as a major producer of O

2
− and H

2
O

2

(Davletova et al. 2005). In chloroplast thylakoids, the reaction centers of PSI and 
PSII are the major generation sites of ROS.

Superoxide (O
2
−) is generated by the one-electron reduction of molecular  oxygen 

in the plastoquinone (PQ) pool by plastosemiquinone, by ferredoxin (Fd) or by iron–
sulfur redox centers in the electron transport chain within PSI (Dat et al. 2000). The 
O

2
− formed is rapidly converted to hydrogen peroxide (H

2
O

2
) either spontaneously or 

by SOD. Production of ROS by this source is enhanced in plants by conditions limit-
ing CO

2
 fixation, such as salt stress, as well as by the  combination of these conditions 

with high-light stress (Mittler et al. 2004). H
2
O

2
 can also lead to the production of the 

hydroxyl radical (OH•). Singlet oxygen (1O
2
*) is mainly produced by the reaction 

centre of PSII (P680). Oxygen in the ground ( triplet) state (3O
2
) is excited to the sin-

glet state (1O
2
) by excited triplet chlorophyll molecules in the reaction center (Fryer 

et al. 2002; Hideg et al. 2002). The yield of 1O
2
* is increased by high light or UV and 

this is accompanied by the photoinhibition of PSII (Hideg et al. 2002).

2.2 Mitochondria

The mitochondrial electron transport chain (mtETC) contains four electron 
 transporting complexes (complexes I–IV) and one H+-translocating ATP synthetic 
complex (complex V). Two of these complexes were shown to be responsible for 
much of the O

2
− generated: complex I (the NADH ubiquinone oxidoreductase) and 
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complex III (the ubiquinol–cytochrome c oxidoreductase; Boveris and Chance 
1977; Takeshiga and Minakami 1979; Beyer 1991; Mittler 2002). In contrast, O

2
−

generation via the mitochondrial respiratory chain in most organisms is probably 
also produced by a non-enzymatic mechanism. In the course of electron transport 
reactions in the respiratory chain, ubisemiquinone (UQ10) species donate electrons 
to oxygen and provide a constant source of O

2
− (Raha and Robinson 2000).

O
2
− generated from the respiratory chain is reduced by dismutation to H

2
O

2
 and O

2
.

H
2
O

2
 is a relatively low-toxic compound. It can react with reduced Fe2+ and Cu+ to 

produce highly toxic hydroxyl radicals and diffuse from the mitochondrion into 
other cellular parts (Grene 2002; Sweetlove and Foyer 2004).

In green tissue ROS production in the mitochondrion is very low, compared 
with mitochondria in mammalian cells. One reason is that plant mitochondria 
have an alternative oxidase (AOX). AOX competes with the cytochrome bc1 
complex for electrons and catalyzes the tetravalent reduction of O

2
 by ubiquinone 

producing H
2
O, which reduces ROS production (Apel and Hirt 2004). However, 

in the dark or in  non-green tissues, mitochondria are a major source of ROS 
(Puntarulo et al. 1988).

Through perturbing mtETC and increasing mtROS, salt stress is at least partly 
responsible for oxidative stress and plant responses (Hernández et al. 1993; Mittova 
et al. 2003).

2.3 Peroxisomes

In plant cells, peroxisomes are probably the major intracellular H
2
O

2
-producing

organelle. In recent years, it was demonstrated that O
2

− is also produced in 
 peroxisomes. There are at least two sites of O

2
− generation (del Río et al. 2006). 

One site occurs in the peroxisomal matrix. Xanthine oxidase catalyzes the  oxidation 
of xanthine and hypoxanthine to uric acid and produces O

2
− radicals (Halliwell and 

Gutteridge 2000). The other site is the peroxisomal membrane, where a small 
 electron transport chain appears to be involved (del Río et al. 2006). Three integral 
peroxisomal membrane polypeptides (PMPs) of this electron transport chain with 
molecular masses of 18, 29, and 32 kDa have been characterized and demonstrated 
to be responsible for O

2
− generation (López-Huertas et al. 1999).

H
2
O

2
 production in peroxisomes has at least two pathways: one is the 

 disproportionation of O
2
− generated in this organelle. The other is a direct pathway. 

During photorespiration glycolate is catalyzed by glycolate oxidase, yielding H
2
O

2
.

Fatty acid β-oxidation, the enzymatic reaction of flavin oxidases, can also produce 
H

2
O

2
 (Baker and Graham 2002; del Río et al. 2002).

Salt stress can increase lipid peroxidation of peroxisomes. However,  peroxisomal 
H

2
O

2
 content is unaffected by salinity (Mittova et al. 2003). This may be correlated 

with porins in the peroxisomal membranes (Reumann et al. 1997). Further studies 
are needed in order to find direct evidence for the relationship between peroxisomal 
ROS production and salt stress.
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2.4 Other Sources

Plasma membrane NADPH oxidases contain a multimeric flavocytochrome that 
forms an electron transport chain capable of reducing O

2
 to O

2
−. This enzyme could 

be the enzymatic source participating in ROS accumulation during NaCl stress 
(Hernández et al. 2001). In addition to NADPH oxidases, pH-dependent cell wall 
peroxidases, germin-like oxalate oxidases, and amine oxidases are proposed to 
generate ROS in the apoplast (Bolwell and Wojtaszek 1997; Hu et al. 2003; Walters 
2003). Cell wall peroxidases produce O

2
− at the expense of NADH in a Mn2+-

dependent reaction (Elstner and Oßwald 1994).

3 ROS Scavenging Systems and Salt Tolerance in Plants

Salt stress enhances ROS production in plant cells. In order to keep the balance 
between ROS production and scavenging, plants developed scavenging systems 
against ROS, involving both enzymatic and non-enzymatic (antioxidants)  systems. 
Major ROS-scavenging enzymes include SOD, ascorbate peroxidase (APX), CAT, 
glutathione peroxidase (GPX), glutathione reductase (GR), and peroxiredoxins 
(Prxs). Antioxidants include ascorbic acid (AsA), GSH, carotenoids, and V

E
.

Interestingly, higher plants also developed specific ROS-scavenging systems in dif-
ferent organelles to efficiently remove the ROS  produced in these cellular parts; and, 
in particular under environmental stress such as salt stress, they coordinately work 
to provide plant cells with a highly efficient machinery for detoxifying ROS.

3.1 Chloroplasts

Thylakoid SOD (tSOD), thylakoid APX (tAPX), and Fd-dependent reduction of 
mondehydroascorbate (MDA) form the thylakoidal scavenging system, which 
functions as the first defense against ROS (Mittler et al. 2004). The O

2
−

 photogenerated by the PSI complex is in situ disproportionated to H
2
O

2
 and O

2
,

catalyzed by tSOD. Then the H
2
O

2
 is reduced to water by AsA, catalyzed with 

tAPX, and AsA is oxidized to the MDA radical. All the above reactions make up 
the water–water cycle. Subsequently, MDA is directly reduced to AsA by either 
reduced ferredoxin (redFd; Miyake and Asada 1994) or spontaneously 
 disproportionated to dehydroascorbate (DHA). Then MDA or DHA is reduced to 
AsA by the ascorbate–glutathione cycle (AsA-GSH cycle). Reduction of H

2
O

2
 by 

Prx is another mechanism to inactive ROS at PSI (Dietz 2003).
ROS that escape from the thylakoid or are produced in the stroma undergo detoxi-

fication by stromal SOD, stromal APX, and the stromal AsA-GSH cycle. PrxR and 
GPX cycle are also involved in H

2
O

2
 removal in the stroma (Mittler et al. 2004).
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H
2
O

2
 can convert to OH• by the Haber–Weiss reaction (Imlay and Linn 1988). OH•

is the most reactive ROS, causing oxidative damage to chloroplast components. No 
specific scavenging enzyme is available for OH•. In fact, damage by H

2
O

2
 and O

2
−

results primarily from their role in hydroxyl radical production rather than from direct 
action (Imlay and Linn 1988). So the cell should be equipped with a perfect 
 scavenging system for O

2
− and H

2
O

2
 to protect itself from oxidative damage.

In the chloroplasts 1O
2
 is a ROS without unpaired electron. Once formed, 1O

2
 rapidly 

reacts with nearby molecules, causing oxidative damage to proteins, lipids, and DNA. 
In the PSII reaction center two molecules of β-carotene participate in the quenching of 
1O

2
 generated via 3P680*. Tocopherols (V

E
) can also quench 1O

2
, but the rate is two 

orders of magnitude lower than that with β-carotene (Krasnovsky Jr 1998).
Non-enzymatic antioxidants such as AsA and GSH are the major cellular redox 

buffers. AsA concentration in chloroplasts is high. It can react directly with hydroxyl 
radicals, superoxide, and singlet oxygen (Buettner and Jurkiewicz 1996).

Chloroplastic SOD, APX, and GR play a central role in the enzymatic  scavenging 
system. They all have two types: thylakoid-bound and stromal type. CuZn-SOD is 
the major isoform of SOD in the chloroplast. Several plants such as tobacco also 
contain Fe-SOD (Kurepa et al. 1997). It is exclusively localized in the chloroplast 
stroma. Our results showed that thylakoid-bound SOD, APX, GR, and stromal 
SOD, APX, GR in the chloroplasts of the halophyte Suaeda salsa L. are markedly 
enhanced under high salinity (Pang et al. 2005; Zhang et al. 2005). This is possibly 
an important mechanism of salt tolerance in halophytes. Overexpression of tAPX 
(Yabuta et al. 2002; Murgia et al. 2004) can increase tolerance to methyl viologen 
(MV)-induced oxidative stress. Transgenic plants overexpressing Escherichia coli
catalase in chloroplasts show enhanced resistance to photooxidative stress by MV 
(Miyagawa et al. 2000). Plants with cytosolic APX overexpressed in chloroplasts 
show enhanced tolerance to salt and drought stresses (Badawi et al. 2004). 
Transgenic tobacco plants expressing both SOD and APX in chloroplasts have 
enhanced tolerance against MV-mediated oxidative stress (Kwon 2002). Mutants 
of tAPX are thought to be lethal (Yabuta et al. 2002). Plants with reduced tAPX 
activity are sensitive to MV stress (Tarantino et al. 2005) or paraquat-induced 
 photooxidative stress (Tarantino et al. 2005). All these results suggest that the ROS 
enzyme scavenging system in chloroplasts plays a central role to protect the 
 chloroplast from oxidative damage induced by environmental stresses.

3.2 Mitochondria

ROS produced in mitochondria can damage mitochondrial lipids, proteins, and DNA. 
So the overproduced ROS must be scavenged in time. Mitochondrial Mn-SOD cata-
lyzing the production of H

2
O

2
 from O

2
− is the first step in scavenging the O

2
− gener-

ated from the mitochondrial electron transport chain (Kliebenstein et al. 1998; Møller 
2001; Mittler et al. 2004). O

2
− can also be converted to H

2
O

2
 by spontaneous dismuta-

tion. Consequently, H
2
O

2
 is removed by mitochondrial APX through the AsA-GSH 

cycle (Jiménez et al. 1997; Chew et al. 2003) or CAT, which was reported in maize 
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(Zea mays) mitochondria (Sweetlove and Foyer 2004). Prxs also could reduce 
mitochondrial H

2
O

2
. These enzymes use reduced thioredoxins as reductant sources, 

which in turn are reduced by thioredoxin reductase (Sweetlove and Foyer 2004).
In addition to directly detoxifying ROS, plant mitochondria also can modulate 

superoxide production from mtETC. There are two modulation mechanisms. In the 
first, AOX acts to maintain a basal ubiquinone pool reduction state as initially 
 proposed by Purvis and Shewfelt (1993) and diminishes mtROS production (Popov 
et al. 1997; Purvis 1997; Maxwell et al. 1999). Second, uncoupling protein (UCP) 
uncouples by facilitating a proton leak across the membrane, consequently removes 
inhibition of the mtETC (Hourton-Cabassa et al. 2004; Sluse and Jarmuszkiewicz 
2004), and then decreases ROS formation.

When oxidative damage is produced, some enzymes such as GST and the type 
II Prx /thioredoxin system may be involved in repairing lipid peroxidation and 
some forms of protein oxidation (Rhoads et al. 2006).

Salinity up-regulates the levels of ASA and GSH and the activities of SOD, APX 
MDHAR, DHAR, and GPX in root mitochondria of the wild salt-tolerant tomato spe-
cies Lycopersicon pennellii (Mittova et al. 2004). Transcript levels of mitochondrial 
MnSOD were strongly induced by salt treatment in the salt-tolerant variety but not in 
the NaCl-sensitive variety (Hernández et al. 2000). Overexpression of mitochondrial 
Mn-SOD from Nicotiana plumbagnifolia in Nicotiana tabacum mitochondria pro-
tected the latter from oxidative damage (Bowler et al. 1991). A yeast strain deficient in 
mitochondrial MnSOD regained its resistance to oxidative stress when plant mitochon-
drial MnSOD was expressed in it (Scandalios 1993; Zhu and Scandalios 1992). Among 
several potential mechanisms for ROS  detoxification in plant mitochondria, only 
MnSOD is firmly established. Further experiments are needed to testify other ROS 
detoxification mechanisms in plant mitochondria and their roles in salt tolerance.

3.3 Peroxisomes

Plant peroxisomal SOD has been reported in at least nine different plant species 
(del Río et al. 2002). Three of them have been purified and characterized (del Río 
et al. 2002): a CuZn-SOD and a Mn-SOD from watermelon and a Mn-SOD from 
pea leaves. They convert the O

2
− generated in peroxisomes to H

2
O

2
 and O

2
.

Peroxisomal H
2
O

2
 can be converted to H

2
O through CAT and the AsA-GSH cycle 

in peroxisomes (Mittler et al. 2004). APX, monodehydroascorbate reductase 
(MDAR), dehydroascorbate reductase (DHAR), and GR of the cycle in 
 peroxisomes were purified from pea leaves and tomato leaves and roots (del Río 
et al. 1998; Mittova et al. 2004; Kużniak and Skłodowska 2005). The intraperoxi-
somal distribution and function of the AsA-GSH cycle have also been identified 
(del Río et al. 2006). DHAR and GR are found in the matrix of peroxisomes, 
whereas APX and MDAR are bound to the cytosolic side of the peroxisomal 
membrane. The presence of APX and MDAR in the leaf peroxisomal membrane 
suggests a dual complementary function in the peroxisomal metabolism of these 
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membrane-bound antioxidant enzymes. First, MDAR reoxidizes NADH to maintain 
a constant supply of NAD+ for peroxisomal metabolism. Second, the membrane-
bound antioxidant enzymes prevent H

2
O

2
 leaking from the  peroxisomes (del Río 

et al. 2002). GPX has been reported in leaf peroxisomes of tomato plants 
(Kużniak and Skłodowska 2005) and a putative Prx with a molecular mass of 
60 kDa has been localized in the matrix of pea leaf peroxisomes (Corpas et al. 
2003). They can also decrease the level of H

2
O

2
.

Salt-induced peroxisomal oxidative stress probably results from salt-induced sto-
matal closure. Under these conditions, the photorespiratory peroxisomal  glycolate 
oxidase increases the rate of ROS generation and leads to oxidative stress (Smirnoff 
1993). Salinity up-regulates the levels of ASA and GSH and the  activities of SOD, 
APX, CAT, and MDAR in root peroxisomes of the wild salt-tolerant tomato species 
Lycopersicon pennellii (Mittova et al. 2004). Overexpression of an Arabidopsis per-
oxisomal APX gene in tobacco increases protection against  oxidative stress caused 
by aminotriazole which inhibits catalase activity. However, the overexpression cannot 
protect plants from oxidative damage caused by paraquat, which leads to the produc-
tion of reactive oxygen species in chloroplasts (Wang et al. 1999). These results indi-
cated that the protection provided by the  targeted expression of antioxidant genes may 
be selective, depending on the nature of oxidative stress.

3.4 Apoplast

The enzymatic components responsible for ROS detoxification in the apoplast 
and cell wall are only partially known. Previous studies have failed to detect the 
 antioxidant enzymes of the AsA-GSH cycle in the apoplast (Castillo and Greppin 
1988; Polle et al. 1990; Luwe 1996; Vanacker et al. 1998a, b). However, recently 
the presence not only of SOD activity, but also of the AsA-GSH cycle and CAT 
in the apoplast of both barley (Hordeum vulgare) and oat (Avena sativa) leaves 
were identified. Little or no GSH has been found in the apoplast of plant cells 
(Luwe 1996; Vanacker et al. 1998a, b). Salt stress can change the apoplastic ROS-
 scavenging components of two pea cultivars (Hernández et al. 2001).

4 Salt Stress, Oxidative Stress, ROS Signal 
Perception/Sensing and Salt Tolerance in Plants

A high concentration of ROS can lead to phytotoxicity whereas relatively low 
 levels can be used for signaling. Under salt stress, ROS production in plant cells, 
including extracellular and intracellular spaces, can be sensed by ROS sensors. 
Salt-induced ROS are predominantly formed as H

2
O

2
 and this process occurs inside 

the cell. A possible signal transduction pathway under salt stress is proposed 
(Fig. 1) which is maybe different from the pathway induced by extracellular H

2
O

2
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(Avsian-Kretchmer et al. 2004). Salt stress rapidly activates the mitogen-actived 
protein kinase (MAPK) casade. Intracellular ROS can also influence the ROS-
induced MAPK signal pathway through inhibition of phosphatases or downstream 
transcription factors. Then gene expression in response to salt stress can be 
 regulated. In salt-tolerant plants, ROS production and removal was found to be kept 
in balance and the level of oxidative stress to be low. NADPH oxidases possibly 
amplify ROS signaling (Mittler et al. 2004).

5 Perspectives

Different plant species have different responses to salt stress and their capacity for 
resistance to salt stress is also not identical. Salt stress can secondarily induce 
 oxidative stress and lead to the accumulation of ROS. The mechanism of ROS 
 production and scavenging in different organelles has been described in many 
 published papers. There are still many uncertainties in understanding signal 
 transduction under salt stress conditions.

5.1 Sensors of ROS Perception

To date, no ROS receptor has been unambiguously identified in plants. Plant cells 
sense ROS possibility via at least three different mechanisms:

1. ROS sensors: redox-sensitive transcription factors, such as NPR1(non-expressor 
of pathogenesis-related genes 1), control the onset of systemic acquired 
 resistance, plant immunity, to a broad spectrum of pathogens that is normally 
established after a primary exposure to avirulent pathogens.

Balance between ROS production and removal
(Chloroplast, mitchondria, perxiosome and cytosol)

Salt tolerant gene regulation

Oxidative stress Phosphatases

MAPK Cascade Transcription factors 

(Extracellular and

intracellular )

Oxidative stress

NADPH Oxidase 

Salt Stress ROS ROS Sensors

Fig. 1 A possible ROS signal transduction pathway in plant cells under salt stress
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2. Heat-shock transcription factors (HSFs) are the terminal components of the 
 signal transudation pathway for gene activation in response to heat stress.

3. Direct inhibition of phosphatases by ROS (Mittler et al. 2004).

How the plant cells sense ROS under salt stress is still an open question.

5.2 Key Components in ROS Signal Transduction Cascade

Salt stress rapidly (within 5–10 min) activates Arabidopsis mitogen-activated  protein 
kinase kinase kinase (AtMEKK1; Ichimura et al. 1998), mitogen  activated 
protein kinase kinase (AtMKK2; Teige et al. 2004), and MAPKs (ATMPK3, 
ATMPK4, ATMPK6; Mizoguchi et al. 1996; Ichimura et al. 2000). A role for the 
MAPK module consisting of MEKK1–MKK2–MPK4/MPK6 has now been 
 confirmed in cold and salt stress (Nakagami et al. 2005). Mutant plants mkk2-null 
are hypersensitive to salt stress (Nakagami et al. 2005). Plants with  overexpression 
of ANP1 (a MAPKKK; Kovtun et al. 2000) and MKK2 (Nakagami et al. 2005) 
are more tolerant to salt stress. Different transcript factors (WRKY, Zat, RAV, 
GRAS, Myb families) induced or activated by the MAPK casade regulate the 
ROS-scavenging and ROS-producing pathways (Mittler et. al. 2004).

H
2
O

2
 is sensed via the modification of thiol groups in certain proteins. 

The  inactivation of Arabidopsis protein tyrosine phosphatases (AtPTP1) by H
2
O

2

may be mediated by the oxidation state of the active-site cysteine. AtPTP1 can 
inactivate Arabidopsis MPK6 (Gupta and Luan 2003). When oxidative stress 
occurs, AtPTP1 is inactivated by H

2
O

2
. Then the MAPK casade is activated and 

transcription factors are regulated.
Thus, it can be seen that transcription factors and the MAPK casade are key 

components in ROS signal transduction. In Arabidopsis, the role of the MAPK 
casade has been investigated under salt stress. Nevertheless its role in other plants 
is still unclear. The expression of different transcription factors is enhanced by ROS 
and this includes members of the WRKY, Zat, RAV, GRAS, and Myb  families 
(Mittler et al. 2004). To find out which transcription factors could be regulated by 
salinity is a challenge. Large-scale transcriptome analyses coupled with proteomic 
and metabolomic analyses of plants perturbed at the levels of individual or multiple 
components of the salt induced ROS network will be essential for future studies.

5.3 The Mechanism of Salt Tolerance Involved 
in Antioxidants in Plants

Salt stress does not induce oxidative damage in salt-tolerant plants (Hernández 
et al. 2000; Mittova et al. 2004; Wang et al. 2004; Pang et al. 2005; Zhang et al. 
2005). This is due to an enhancement of the ROS scavenging system. Conversely, 
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 salt- sensitive plants can be damaged by salt stress-induced ROS (Hernández 
et al. 2000; Mittova et al. 2004). There are perhaps different signal transduction 
or  transcript factors in the salt-tolerant and salt-sensitive plants. It is also 
 possible that there is considerable difference in non-coding regions of  antioxidant 
enzyme genes, such as SOD, between halophytes and nonhalophytes. This needs 
more direct proof.

5.4 Coordinated Work of the Different Cellular 
Parts Under Salinity

Different organelles have their special ROS scavenging systems. The function of 
the components of the different organelles’ ROS scavenging systems has been clari-
fied. It is considered that the different compartments are protected by their own 
ROS-scavenging systems at first, and they then also somehow work coordinately to 
protect plant cells from oxidative damage. It is reported that the cytosolic H

2
O

2
–

scavenging enzyme ascorbate peroxidase 1 (APX1) can protect chloroplasts during 
light stress (Davletova et al. 2005). This provides evidence for cross-compartment 
protection of thylakoid and stromal/mitochondrial APXs by cytosolic APX1. 
At present there is a new view of the ROS network: the coordinated function of 
ROS-scavenging pathways from different cellular compartments in modulating the 
level of ROS in cells prevents cellular damage and controls ROS signaling. In the 
future, research on the relationship between the different subcellular ROS-
 scavenging pathways will be a powerful approach for understanding plant salt 
 tolerance at the cellular level.
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