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Abstract
Drought and salinity are two major abiotic stresses, similarly and/or differently affecting physiological processes of

wheat. The aim of this study was to evaluate and compare the impacts of drought and salinity on wheat. A
pot experiment was conducted as completely randomized design with three replications in the research greenhouse of
Yasouj University in 2015. Treatments included different levels of salinity and drought with the same osmotic
potentials (-2.47, -4.94 and -7.42 bar) and a control. Salinity and drought were imposed with NaCl and PEG 6000 in a
Hogland medium, respectively. Results showed that by increasing drought and salinity treatments, relative water cotent
and cell membrane stability were decreased but malondialdehyde (MDA) increased. The effect of PEG drought stress
on these traits was more than that of NaCl stress. Increasing drought and salinity stresses significantly increased leaf
proline, total soluble sugars, and glycinebetaine content, however, this increase was higher for salinity. Fv/Fm was
equally affected by salinity and drought, decreasing by both stresses. By raising stress levels, chlorophyll a decreased
but chlorophyll b and carotenoid content increased. In general, we found that wheat could tolerate acceptable salinity
levels better than drought, by accumulation of osmolytes and more sustained absorption of water and also reducing the
MDA production under salinity conditions.
Keywords: Chlorophyll; Glycinebetaine; Malondialdehyde; Proline; Soluble sugars

Introduction

Salinity decreases the relative water content

Wheat is one of the most strategic and major food

(RWC) in wheat, but salt tolerate cultivars can

crops all over the world, and different stresses

keep RWC better in stress conditions by osmotic

reduce its yield (Curtis and Halford 2014). Stress

regulation (Qasim et al. 2003).

is a result of disturbances in physiological

The plasma membrane is the first site that

processes that can be achieved from one or a

suffers under stress conditions (Levitt et al. 1980).

combination of

factors.

As a result of damage to cell membranes, leakage

Excessive soil salinity causes ionic and osmotic

of materials increases and ultimately the stability

stresses, leading to physiological damage to

of cell membranes reduces and so cell death

plants. Plants grown under salinity will be under

occurs

ionic

the

Malondialdehyde (MDA) production due to

accumulation of sodium in the leaves (Yu et al.

destruction of cell membranes is a response of

2015). Salinity can reduce wheat growth and yield

plants

by

distribution,

salinity (Munns 2002). MDA is the final product

photosynthesis and the availability of water for

of cell unsaturated lipid peroxidation, so it is used

plant (Pervize et al. 2002; Okcu et al. 2005).

as a useful biomarker to determine the lipid

stress,

adverse

biotic and

which

effects

is

on

abiotic

the

result

ion

of

(Blume

and

Ebercon

to environmental stresses,

1981).

especially
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peroxidation and oxidative stress in cells. Salinity

Accumulation of other compatible osmolytes such

may affect the function of the photosynthetic

as glycinebetaine is the other way for stress

mechanism, particularly photosystem II (Li et al.

tolerance (Rhoads and McIntosh 1991). In

2010).

general, secondary metabolites, including the

Drought stress is one of the abiotic stresses

carotenoids,

improve

the

plant

defense

affecting different stages of plant growth. Drought

mechanism against stresses, especially oxidative

is one of the major constraints to agricultural

stress induced by the high salt content (Lim et al.

productivity worldwide. Photosynthesis, the most

2012). Ashraf and Harris (2013) mentioned that

basic physiological process in green plants, is also

carotenoids

strongly influenced by this stress at all stages.

photoprotection of photosynthesis and they play

Mesophyll cells dehydration occurs in severe

an important role as a precursor in signaling

drought stress conditions and causes a strong

during the plant development under abiotic/biotic

inhibition of photosynthetic processes. Drought

stress. They have a significant potential to

stress also reduces mesophyll cell efficiency for

enhance nutritional quality and plant yield. The

using the available carbon dioxide (Ashraf and

aim of this study was to compare the impacts of

Harris 2013). Water stress at different stages after

different levels of salinity and drought, with the

pollination increases lipid peroxidation and

same osmotic potential, on some physiological

decreases both the stability of the membrane and

characteristics of winter wheat.

(Car)

are

necessary

for

the amount of chlorophyll and carotenoids
(Sairam and Saxena 2000). Drought stress causes

Materials and Methods

a significant decrease in photosynthetic rate and

The experiment was conducted as a completely

leaf pigment content, including chlorophyll and

randomized design with three replications in the

carotenoids (Colom and Vazzana 2003). Proline is

research greenhouse of Yasouj University in

an amino acid that plays an important role in

2015. Treatments included different levels of

regulating osmotic adjustment and accumulates in

salinity and drought with the same osmotic

the leaves faster than the roots under stressful

potentials (-2.47, - 4.94 and -7.42 bar) each at

conditions. Proline accumulation may result from

three levels along with a control treatment.

further degradation of proteins and sensitivity of

Salinity and drought were imposed by using

cell to drought stress. Proline accumulation under

sodium chloride and polyethylene glycol 6000,

drought stress in plants such as peas (Ayerbe and

respectively.

Tenorio 1998; Ghorbanali et al. 2001) and canola

The amount of NaCl needed for providing

(Ferreira and Lourens 2002) has been reported.

osmotic potentials of solution was determined by

Soluble sugars are also compatible osmolytes that

van't Hoff equation (Taiz and Zeiger 1991); in

accumulate in stress conditions and protect the

addition, the amount of PEG needed for making

cells by osmotic adjustment and the stability of

concomitent drought solutions was obtained by

the membranes. In fact, plants under stress use

the following equation (Michel and Kaufman

various

1973):

ways

to

deal

with

the

stress.
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Ψ= -(1.18 ˟ 10-2) C – (1.18 ˟ 10 -4) C2 + (2.67 ˟ 10-4) CT + (8.39 ˟ 10-7) C2T
Where, Ψ is PEG osmotic potential (bar), C is

end of the experiment. Salinity and drought

gram PEG per kg water and T is temperature as

stresses were imposed by adding to the pots the

O

necessary amounts of NaCl for salinity levels and

C.
The wheat cultivar Falat was used in this

polyethylene glycol (PEG 6000) for drought

experiment. Falat is a spring type and early

levels from the 4-leaf stage until the end of the

maturing cultivar adapted to arid and semi-arid

experiment

regions of Iran (Rezvani Moghaddam et al. 2015).

accumulation of salts and nutrients in the soil, the

The seeds were disinfected with 1% sodium

pots were irrigated by 200 ml of distilled water

hypochlorite and then were washed with distilled

once a week until the end of the experiment.

water, and finally 10 seeds were planted at a depth

Sampling was done on the fully expanded,

of 1.5 cm in each plastic pot, having been filled

youngest leaves at the end of the experiment, and

with fine and washed sand. The pots were

some physiological characteristics were measured.

irrigated with water and ¼ Hoagland solution with

(8-leaf

Determination

stage).

of

To

prevent

membrane

the

lipid

pH= 7 before and after germination up to 3-leaf

peroxidation was performed by measuring MDA

stage, respectively (Hoagland and Arnon 1950).

via the method of Heath and Packer (1968). RWC

Hoagland nutrient solution was first used as ¼

was

Hoagland and then became ½ Hoagland until the

(Weatherley 1950):

Cell

membrane

stability

(CMS)

calculated

by

the

following

equation

was

(OS1-FL). The chlorophyll and carotenoids were

measured as Blum and Ebercon (1981, using 10

measured as of Arnon (1949) and Lichtenthaler

pieces of the sample leaves with a 3-cm diameter

(1987), respectively.

and leaf proline content was determined through

Statistical analysis of the experimental data

Paquine and Lechasseur (1979) method, using 0.5

was done by SAS version 9.1.3 software, and

gr of fresh leaf. To measure the soluble sugars, the

mean comparisons were carried out via the least

method by Irigoyen et al. (1992) was applied,

significant difference (LSD) test at p≤0.05.

utilizing 0.5 gr of fresh leaf. In order to measure
the amount of glycinebetaine, Grattan and

Results

Grieve’s method (1992) was employed, using 0.5

Results indicated that the effect of experimental

g of dry leaf tissue. Chlorophyll fluorescence

treatments was significant for all traits except

measurements were performed on the fully

Fv/Fm (Table 1).

expanded youngest leaves by a fluorimeter device
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Table 1. Mean squares obtained from variance analysis of physiological traits in wheat leaves under different
levels of salinity and drought
Cell
Soluble
SOV
df
RWC
membrane
MDA
Proline
Glycinebetaine
sugars
stability (%)
Treatment
6
1026.0**
1174.3**
397.5**
7.3**
Error
14
17.9
8.8
0.63
0.18
CV%
6.5
7.3
4.3
5.2
**Significant at p≤ 0.01; RWC: Relative water content; MDA: Malondialdehyde

1342.8**
13.3
7.0

5.3**
0.20
14.7

Table 1 Continued
SOV

df

Fv/Fm

Chlorophyll a

Treatment
6
0.007 ns
0.658**
Error
14
0.002
0.027
CV%
7.58
14.6
ns and **Non-significant and significant at p≤ 0.01, respectively

Chlorophyll b

Total
Chlorophyll

Carotenoids

0.032**
0.0006
12.48

0.566**
0.096
19.7

0.0023**
0.0002
5.56

Leaf relative water content

Cell membrane stability

The results showed that by reducing osmotic

The results showed that CMS decreased by

potential, the RWC decreased in both salinity and

increasing the levels of salinity and drought in

drought stress treatments compared to the non-

comparison to the control treatment. The effect of

treated (control) pots; however, the reduction in

salinity on CMS was significant, and by reducing

the drought treatment levels was much higher than

osmotic potential from -2.47 to -7.42 bar, cell

the salinity levels (Figure 1a). In relation to

membrane stability decreased approximately 35%

salinity levels, the maximum and the minimum

(Figure 1b). Furthermore, drought significantly

RWC were obtained from -2.47 and -7.42 bars,

reduced CMS so that statistically significant

respectively; and there was no significant

differences between various levels of drought

difference between -2.47 and -4.94 bars. The

were observed. The difference between the

different drought treatments showed a significant

highest CMS (45.43%) in the drought treatment of

falling trend for RWC and were in the range of

-2.47 bar and the lowest (12.54%) in the drought

70.16% for the osmotic potential of -2.47 bar

treatment of -7.42 bar were almost 72% (Figure

down to 34.08% for the osmotic potential of -7.42

1b). Based on Table 2, group differences between

bar (Figure 1a). The group comparisons between

the salinity and drought treatments and also

total salinity and total drought treatments and

different levels of salinity and drought with the

different levels of salinity and drought with the

same osmotic potential were significant regarding

same

CMS. The lowest CMS was obtained from

osmotic

potential

differences in terms of RWC.

showed

significant

salinity and drought group treatments with the
same osmotic potential of -7.42 bar. It was also
found that drought stress imposed higher damages
on the membranes, which may be due to lower
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cell RWC during drought stress (Figure 1a). In

of membranes by lipid and protein peroxidation,

fact, following the increasing production of

CMS drops significantly.

reactive oxygen species and changing the integrity
Table 2. Means squares obtained from variance analysis of group comparisons between treatment levels for
wheat leaf physiological characteristics
Cell
Soluble
Group comparisons
df
RWC
membrane
MDA
Proline
Glycinebetaine
sugars
stability (%)
Salinity(S) with drought(D)

1

926**

186.5**

122.2**

13.36**

2338.5**

6.34**

-2.47(S)
-4.94(S)

1
1

12641**
1231**

708.7**
803.4**

326.6**
58.4**

2.76**
6.63**

2238.4**
2324.2**

4.28**
4.33**

with
with

-2.47(D)
-4.94(D)

-7.42(S) with
-7.42(D)
1
322**
980.4**
43.1**
4.38**
138.3**
0.045*
*,**Significant at p≤ 0.05 and p≤ 0.01, respectively; RWC: Relative water content; MDA: Malondialdehyde

Table 2 Continued
Group comparisons

df

Fv/Fm

Salinity

with

drought

1

-2.47(S)

with

-2.47(D)

-4.94(S)

with

-7.42(S)

with

Chlorophyll
b
0.0046*

Chlorophyll
a+b
0.261ns

Carotenoid

0.0042ns

Chlorophyll
a
0.364**

1

0.0022*

0.0192ns

0.0104ns

0.0037ns

0.0000ns

-4.94(D)

1

0.0001ns

0.0322ns

0.0000**

0.0170ns

0.0002ns

-7.42(D)

1

0.0062ns

1.1792**

0.0001ns

0.912ns

0.0002ns

0.0000ns

ns, *, **Non- significant and significant at p ≤ 0.05 and p≤ 0.01, respectively.

a

b

Figure 1. The effect of drought and salinity osmotic potentials on leaf relative water content (RWC)(a) and cell
membrane stability (b) of wheat leaf. Vertical bars represent standard error ±SE

Malondialdehyde

salinity (Figure 2a), which is related to smaller

The results revealed that decreasing osmotic

RWC

potential by salinity and drought, significantly

comparisons between the total salinity and

heightened MDA. At all of the osmotic potential

drought treatment as well as salinity and drought

levels, the impact of drought was higher than

with

in

the

the

same

drought

osmotic

condition.

potentials

Group

showed
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significant differences for MDA, and it was

salinity. It is clear that owing to the greater impact

observed that the highest MDA belonged to

of drought on the integrity and stability of cell

salinity and drought with the same osmotic

membranes (Figure 2a), MDA production rises

potential of -7.42 bar; additionally, the negative

due to lipid peroxidation reactions.

impact of drought stress was more than that of

b

a

Figure 2. The effect of drought and salinity osmotic potentials on Malondialdehyde
Production (a) and proline (b) of wheat leaf. Vertical bars represent standard error ±SE

Leaf proline content

salinity on this trait was higher than that of

The results showed that salinity and drought

drought (Figure 2b).

stresses

increased

leaf

proline

content

as

compared to the control. The maximum and the

Leaf glycinebetaine content (LGBC)

minimum proline contents were obtained from -

The control treatment had the lowest LGBC, and

7.42 and -2.47 bars, respectively; and the

decreasing the osmotic potential for both drought

differences between maximum and minimum

and salinity treatments, enhanced LGBC (Figure

values were almost 25.6% (Figure 2b). In terms of

3a). The results indicated that among different

drought stress, the maximum and the minimum

levels of salinity stress, the maximum and the

proline contents were obtained from -7.42 and -

minimum LGBC were for -7.42 and -2.47 bars,

2.47 bars, respectively, and there was no

respectively. The effect of drought stress on

significant difference between -2.47 and -4.94

LGBC proved that by decreasing the osmotic

bars (Figure 2b). It was observed that group

potential from -2.47 to -7.42 bars, LGBC

comparisons between the total salinity and total

increased almost 52%. Based on Table 2, group

drought treatments as well as salinity and drought

differences

with the same osmotic potentials revealed

salinity and total drought treatments and also

significant differences for the proline content. The

different levels of salinity and drought with the

maximum amount of proline was obtained from

same osmotic potential were significant, and the

salinity and drought with the same osmotic

largest LGBC was obtained from salinity and

potential of -7.42 bars; besides, the effect of

drought group treatments with the same osmotic

of

glycinebetaine

between

total

potential of -7.42 bar; moreover, salinity stress
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increased LGBC more than the drought stress

sugars, glycinebetaine is concentrated in the saline

(Figure 3a). As in the case of proline and soluble

conditions more than the drought ones.

Figure 3. The effect of drought and salinity osmotic potential on glycinebetaine (a) and soluble sugar (b) of wheat
leaf. Vertical bars represent standard error±SE

Leaf soluble sugars Content (LSSC)
Mean comparison showed that there were

Leaf chlorophyll content

significant differences between control treatment

Chlorophyll a: Reduction of osmotic potential

and salinity and drought treatments for LSSC.

significantly decreased chlorophyll a. The highest

Among salinity treatments the maximum and the

amount of chlorophyll a was obtained in the

minimum amounts belonged to -7.42 and -2.47

control treatment, and for salinity the difference

bars, respectively (Figure 3b). In general, LSSC

between -2.47 and -7.42 bars was significant. For

significantly increased by heightening the salinity

drought, by reducing the osmotic potential from -

levels. At the salinity stress, by decreasing the

2.47 to -7.42 bars, the amount of chlorophyll a

osmotic potential up to -7.42 bars, LSSC showed

significantly reduced about 94.67% (Figure 4a).

an increasing trend. The maximum and the

The results of the group comparisons (Table 2)

minimum amounts belonged to -7.42 and -2.47

revealed that the difference between total salinity

bar, respectively. The difference between the

and total drought groups well as salinity and

minimum and the maximum LSSC was 15.33%

drought group treatments with the same osmotic

(Figure 3b). Based on Table 2, group comparisons

potential of -7.42 bar were significant for

of soluble sugars between total salinity and total

chlorophyll a. The lowest amount of chlorophyll a

drought treatments and also different levels of

was obtained from salinity and drought group

salinity and drought with the same osmotic

treatments with the same osmotic potential of -

potential showed significant differences, and the

7.42 bar. It was observed that salinity and drought

highest LSSC was obtained from salinity and

had the same decreasing trend for chlorophyll a

drought group treatment with the same osmotic

(Figure 4a).

potential of -7.42 bar. It was observed that salinity
stress increased soluble sugars more than the
drought stress (Figure 3b).
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b

c

Figure 4. The effect of drought and salinity osmotic potential on chlorophyll a (a), chlorophyll b (b) and total
chlorophyll (c) of wheat leaf. Vertical bars represent standard error ±SE

Chlorophyll b: Results presented the rise of

However, it can also be due to the redirection of

chlorophyll b by decreasing osmotic potential

nitrogen synthesis pathway to the formation of

after -2.47 bar for both salinity and drought

osmotic regulator compounds such as proline

treatments. In terms of salinity, maximum

(Kaya et al. 2001). The results of the group

chlorophyll b was for the treatment with osmotic

comparisons (Table 2) showed that none of the

potential of -7.42 bars, and for drought, the

treatment group differences was significant for

highest chlorophyll b was obtained from the

this trait, and that salinity and drought were

treatment with osmotic potential of -4.94 bar

equally effective in reducing the amount of total

(Figure 4b). The change in the chlorophyll b was

chlorophyll.

in

contrast

to

the

chlorophyll

a.

Mean

comparisons made between group treatments

Carotenoids

(Table 2) showed that the difference of total

The results proved that the carotenoids increased

salinity and total drought group treatments and

by decreasing osmotic potentials for both drought

also salinity and drought group treatments with

and

the same osmotic potential of -4.94 bars were

comparisons (Table 2) showed that none of group

significant in terms of the amount of chlorophyll

treatment

b, and the negative impact of drought stress was

carotenoids, and that both salinity and drought

higher for this trait.

had the same effect on carotenoids.

Total

Chlorophyll:

The

results

of

total

chlorophyll were the same as those of chlorophyll
a and confirmed that chlorophyll b comprises a
small proportion of total chlorophyll (Figure 4c).

salinity

similarly

differences

(Figure

were

5).

Group

significant

for
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Discussion

its accumulation in stomatal guard cells and

As mentioned before, by reducing osmotic

stomata closure under water stress. Schonfeld et

potential, RWC was reduced in both salinity and

al. (1988) stated that drought stress reduced leaf

drought stress conditions, compared to the non-

water potential and RWC of leaf due to reduced

treated control. The main reason for RWC

absorption of water from the roots in the plants. It

reduction with increasing levels of salinity, can be

was also observed that the negative effect of

the decrease in water availability due to osmotic

drought stress on this trait was more than that of

potential reduction caused by the accumulation of

salinity stress. Indeed, at salinity levels, plants

salts in the root rhizosphere. The reduction in

retain water absorption by reducing osmotic

RWC due to water stress is related to the

potential of the cells via salt absorption.

production of abscisic acid hormone in roots and

Figure 5. The effect of drought and salinity osmotic potentials on carotenoids of wheat leaf. Vertical bars
represent standard error ±SE

CMS decreased by increasing the levels of

CMS was higher than salinity. We can also see

salinity and drought in comparison with the

that the bigger the RWC, the more the CMS was

control treatment. It seems that salinity and

(Figure 1 a,b).

drought stresses caused the oxidative damage

Decreasing osmotic potential by salinity and

through the production of free oxygen radicals in

drought, significantly heightened MDA. Munns

cells, and these free radicals attacked proteins,

and James (2003) confirmed that in drought

lipids and nucleic acids and also decreased CMS

conditions, cell membrane integrity was damaged

of the cell membrane, causing the cytoplasmic

and MDA increased by production of reactive

leakage. Masoumi et al. (2010) reported that the

oxygen species and membrane lipid peroxidation.

drought stress led to damage the integrity of the

Jiang and Hung (2001) reported that under

cells and cell membranes via disrupting the

drought and heat stresses, MDA concentration

function of reactive oxygen species scavenging

increases due to the rise in lipid peroxidation and

systems. We found that the impact of drought on

oxidation of membrane fatty acids. The inverse
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relation between CMS and MDA could be seen

accumulation of compatible osmolytes such as

from Figure 2 a. The more MDA content can

glycinebetaine is one of these ways (Rhoads and

illustrate the reduction in CMS.

McIntosh 1991). Khan et al. (2000) surveyed the

Salinity and drought stresses increased leaf

effect of salinity on atriplex and confirmed that by

proline content compared to the control. Sannada

increasing salt concentration, LGBC increased.

et al. (1995) indicated that in barley, wheat and

Glycinebetaine accumulates in plants under stress

Mesembryanthemum

the

conditions and acts as an osmotic adjustment in

salinity condition, an increase in the proline

the plant, and its concentration increases with

concentration was because of synthesis of proline

increasing salinity and drought (Hanson et al.

or a decrease in oxidation of proline to glutamate

2007). Schobert (1977) stated that the attachment

or degradation of protein to proline. Increasing the

of glycinebetaine to hydrophobic domains of

levels of proline under salt stress conditions is

proteins and the water layer that forms around the

also because proline is a compatible osmolyte that

proteins can be available at the time of stress and

scavenge free oxygen molecules generated during

may prevent protein degradation.

environmental

crystallinum

stresses

L.

in

and

protect

In general, LSSC significantly increased by

macromolecules (Rahdari et al. 2012). Proline

heightening the salinity levels. Soluble sugars are

increasing under stress conditions may be due to

members of the compatible osmolytes that will

further degradation of proteins and maybe

increase by stresses and protect the cells through

sensitivity to drought stress. Kao (1981) showed

osmotic adjustment and stability of membranes.

that under stress, the protein of mature leaves

An increase in the concentration of soluble sugars

degrades and their concentration reduces, leading

plays a role in salt tolerance under salinity stress

to an increase in proline. In fact, with regard to

(Geholt et al. 2005). Eshghizadeh et al. (2014) in

the role of proline in overcoming the adverse

reviewing the effect of salinity on some

effects of environmental stresses, especially

physiological characteristics of millet, pointed out

salinity and osmotic potential (NasirKhan et al.

the effect of salinity on the increase in

2007), this increase was expected. More proline in

concentration of soluble sugars. Prado et al.

the salt condition compared to the drought

(2000) considered the increase in the amount of

condition shows that the protective role of proline

soluble carbohydrates as a rout to reduce the

in salinity condition is probably more than the

adverse effects of osmotic and ionic conditions,

drought condition.

and finally adaptation of plants to the stresses. It

The control treatment had the lowest LGBC,

seems that the accumulation of these solutes is

and decreasing the osmotic potential for both

important in the maintenance of mechanisms such

drought and salinity treatments, enhanced LGBC.

as restoration and compensation of lost volume of

As mentioned previously, plants use several

cells and the reduction of cell damages caused by

different ways to overcome stresses under severe

free radicals as well as protection and stability of

environmental

enzymes and membrane structure. The upsurge in

conditions.

Production

and

Drought and Salinity Impacts on Bread Wheat in a Hydroponic…

71

LSSC was also observed in soybean (Fututoku

chlorophyll in the leaves. In another study, it was

and Yamada 1981) and sorghum (Newton et al.

revealed

1986) due to the drought stress. The increase in

concentration in spinach cultivars under salinity

LSSC in response to water stress can be attributed

occurs because of common synthesis pathways of

to lower transferring of LSSC from leaves and

chlorophyll and alpha-tocopherol. The plant

slower consumption because of growth reduction

stopping chlorophyll biosynthesis under salinity

and other changes such as starch hydrolysis

stress

(Kameli and Losel 1996). The surge in LSSC is a

tocopherol antioxidant instead. Anjum et al.

mechanism that causes osmotic potential to

(2003) showed that the total chlorophyll increased

decrease more in the cytoplasm, and helps the Na+

by drought stress in barley. They also stated that

to be removed from vacuoles and also causes

the drought reduces chlorophyll b but increases

osmotic adjustment (Orcutt and Nilsen 2000).

the stability of chlorophyll a, which in turn will

More accumulation of proline, glycinebetaine and

increase the total amount of chlorophyll. In many

LSSC in the salt stress condition finely describes

salt tolerant species total chlorophyll content is

the reason for higher CMS and RWC and lower

increased and Ashraf and Harris (2013) suggested

MDA content in saline than drought conditions.

that this increase under salt stress could be a

Reduction of osmotic potential significantly

biochemical indicator for the salt tolerance in

decreased chlorophyll a. There are some reports

some plant species.

on intensified activity of chlorophyllase enzymes

that

activates

reducing

the

the

biosynthesis

chlorophyll

of

alpha-

Carotenoids increased by decreasing osmotic

that degrade chlorophyll under drought stress.

potentials for both drought and salinity similarly.

One of the main reasons for the drop in

Carotenoids are responsible for cleaning oxygen

chlorophyll a is their degradation by reactive

free radicals, and their high levels in the cells can

oxygen species. These free radicals cause

indicate the relative tolerance to stresses. Lim et

oxidation (Wise and Naylor 1989), resulting in

al. (2012) illustrated that carotenoid levels in

degradation and decomposition of these pigments

black wheat increased seven days after sowing in

(Schutz and Fangmeir 2001). Our results showed

response to NaCl, and carotenoid levels in

the rise in chlorophyll b by decreasing osmotic

treatment groups of 50 and 100 mM NaCl were

potential for both salinity and drought treatments.

doubled in comparison with the control treatment.

The change in chlorophyll b was in contrast to

It is evident that carotenoids act as a factor for

chlorophyll a. It was observed that total

photoprotection by helping to the dispersion of

chlorophyll was the same as those of chlorophyll

excess energy.

a and confirmed that chlorophyll b consisted a
small proportion of total chlorophyll. Zhao et al.

Conclusion

(2007) demonstrated that salinity reduced the total

The results showed that by increasing the levels of

amount of chlorophyll in oat, because salinity can

salinity and drought treatments, RWC and cell

reduce the synthesis or increase the degradation of

membrane stability decreased, however, the effect
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of drought stress on the traits under study was

impact of both drought and salinity treatments on

more detrimental than the salinity stress. The

this trait was similar. Reduction of osmotic

highest MDA was achieved from salinity and

potential significantly decreased chlorophyll a and

drought treatments with osmotic potential of -7.42

total chlorophyll but increased chlorophyll b.

bar. Furthermore, the negative effect of drought

However, for chlorophyll a and total chlorophyll,

stress on MDA was more than the salinity stress.

there were not significant differences between

Leaf proline, soluble sugars and glycinebetaine

drought and salinity treatments at each osmotic

content under salt and drought stresses were more

potential. Leaf carotenoids content also exhibited

than those of the control treatment, and the impact

an increasing trend by increasing drought and

of salinity on these traits was higher. The

salinity levels, and both drought and salinity

minimum Fv/Fm was acquired from salinity and

treatments had the same effects on leaf carotenoid

drought with osmotic potential of -7.42 bar. The

content.
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