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Abstract: The effects of salt stress (NaCl and Na,SO, in 1:1 ratio) on the activity of peroxidase (POD), proline
accumulation, protein, Na" and K* contents and K*/Na" ratio were studied on leaves of two maize and wheat
genotypes. Wheat cvs., [Kavir (tolerant) and Ghods (sensitive)] and maize cvs. [704 (tolerant) and 666 (semi-
tolerant)] were grown under control (ECe = 1.26 dS m™) and two levels of salinity (ECe = 6.8 and 13.8 dSm™,
respectively) in a greenhouse. A Completely Randomized Design (CRD) with factorial treatments with three
replications was used. Salinity stress decreased K* and K*/Na" ratio and increased Na™, proline, protein and POD
activity in both genotypes of wheat and maize wnder both salimty levels. Furthermore the results showed a
lower amount of proline, protein and POD activity in wheat than maize cvs. On the other hand, the higher
amounts of K™ and K'/Na" ratios which were found in wheat than maize resulted in better ion homeostasis m
wheat that caused this species to have a higher tolerance than maize. In wheat cvs.; salinity stress resulted
an increase in proline and protein contents, POD activity, K and K'/Na* ratio in Kavir cultivar than Ghods.
However, Ghods cultivar showed a higher Na" content than Kavir. Tn maize, cultivar 704 showed a higher
increase in proline and protein contents, POD activity, K" and K'/Na' ratio and a lower increase in Na” than
666 cultivar. Maize cvs. showed a higher level of proline, protein and POD activity than wheat cvs., but these
components may have been a reaction to salt stress in maize and not a plant response associated with tolerance.
The results of this study suggest that Na"and K contents and K*/Na" ratio in maize as a C, plant and in wheat

as a C, plant may be considered for selecting the tolerant cultivars.
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INTRODUCTION

Crops grown in arid and semi-arid regions are often
exposed to adverse environmental factors such as
drought or high soil salinity. Increased salinization of
arable land is expected to have devastating global effects,
resulting in 30% land loss within next 25 years and up to
50% by the middle of 21st century (Diomisio-Sese and
Tobita, 1998). Plant salt tolerance has generally been
studied 1in relation to regulatory mechanisms of 1onic
and osmotic homeostasis (Yeo, 1998, Zhu, 2003,
Ashraf and Harris, 2004; Chinmusamy et al., 2005). In
addition to ionic and osmotic components, salt stress, like
other abiotic stresses, also leads to oxidative stress
through an increase in Reactive Oxygen Species (ROS)
(Mittler, 2002; Neill et al., 2002; Dionisio-Sese and Tobita,
1998).
normal cellular metabolism through oxidative damage to

These ROS are highly reactive and can alter

lipids, protemns and nucleic acids (Alscher ef af., 1997,

Imlay, 2003). The ability of plants to tolerate salt is
determined by multiple biochemical pathways that
facilitate retention and/or acquisition of water, protect
chloroplast functions and maintain 1on homeostasis.
Essential pathways include those that lead to synthesis
of osmotically active metabolites, specific proteins and
certamn free radical scavenging enzymes that control ion
and water flux and support scavenging of oxygen radicals
or chaperones.

These cytotoxic oxygen species are highly reactive
and mn the absence of any protective mechamsm, they can
seriously disrupt normal metabolism through oxidative
damage to lipids, protein and nucleic acids. Plants defend
against the reactive oxygen (by-products of hyperosmotic
oxygen species), by induction of activities of certain
antioxidative enzymes such as catalase, peroxidase,
glutathione reductase and superoxide dismutase, which
scavenge reactive oxygen species. There are several
reports of mereasing n activity of antioxidative enzymes
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in wheat and more species plants under saline condition
(Sairam et al., 2002; Mittler, 2002; Rios Gonzalez et al.,
2002; Meneguzzo ef al., 1999, Sawram et al, 2002,
Hemandez et al., 1999, Manchandia et al., 1999).

Tt has been reported that soluble protein increases at
salinity in many plants and decrease in some else
(Parida et al., 2004; Noble and Rogers, 1992). Salimty also
mbubits the synthesis of majority of shoot protems
(Agastian et al, 2000, Alamgir and Ali, 1999
Muthukumarasamy et al., 2000; Parida et al., 2004). A
number of mitrogen-contaiming compounds (NCC)
accumulated m plents exposed to saline stress
(Wang et al, 2003). The most frequently accumulating
NCC includes amino acids, amides, imino acids, proteins,
quatemnary ammonium compounds and polyamines
(Parida ef al., 2004). Many plants accumulate proline as a
nontoxic and protective osmolyte under saline conditions
(Lee and Liu, 1999; Khatkar and Kuhad, 2000,
Muthukumarasamy et al, 2000, Smgh et al, 2000,
Jain et al., 2001). Under salt stress, plants maintain high
concentrations of K and low concentrations of Na' in the
cytosol. They do this by regulating the expression and
activity of K™ and Na* transporters and of H™ pumps that
generate the driving force for transport (Zhu, 2003). There
is a negative relationship between Na" and K'
concentration in roots and leaves of many plants
(Goudarzi and Pakniyat, 2008; Pakmyat and Armion, 2007).

The selective uptake of K* as opposed to Na is”

considered to be one of the important physiclogical
mechanisms contributing to salt tolerance in many plant
species (Poustini and Siosemardeh, 2004).

It 1s well documented that a greater degree of salt
tolerance in plants is associated with a more efficient
systemn for selective uptake of K over Na™ (Noble and
Rogers, 1992, Pakniyat et al., 1997). Wheat and maize
have C; and C, metabolism respectively. The
objective of the present investigation is to study the
effects of salinity on proline, protein, POD activity, leaf
Na™ and K* and K7Na ratio in both cultivars of wheat
and maize and finally evaluating the changes of studied
traits and suggesting the best criteria for selection in
wheat (as a C; plant) and maize (as a C, plant) tolerant
cultivars.

MATERIALS AND METHODS

Plant materials, culture and salt treatment application:
In a two separate experiment that were conducted during
2006-2007, 10 seeds of two wheat cultivars (Kavir and
Ghods) and maize (704 and 666) were sown in 5 kg pots in
greenhouse at Agricultural College, Shiraz Umversity,
Iran. A Completely Randomized Design (CRD) with

factorial treatments in three replications was used. After
germination three plants were retained in each pot. Plants
were subjected to three conditions: no salt (control) and
two salimty levels using NaCl and Na,3O, i 1:1 ratio. Salt
stress treatments were applied to appropriate pots in split
and in 4 stages within 4 weeks to final concentrations by
urrigation based on soil field capacity and finally
concentration of salimty expressed as ECe 1.26 (control)
68and 13.8dSm™"

K', Na'and K'/Na' ratio measurements: Leaves of plants
were cut from soil surface and dried at 60°C oven for 48 h
and made into fine powder using mortar and pestle.
Samples (1 g) were ashed by putting them into crucibles
and placed m 600°C electric furnace, for 4 h. Five mulliliter
of 2N HCI were added to ash samples and mixed with
boiling distilled water and filtered by filter paper
(Whatman No. 2) into 530 mL volumetric flasks. Na" and K*
was meastred using standard flame photometer and
reperted as mg g~ dry weight.

Protein content: Protein content in the enzyme extracts
was determined according to Bradford (1976). Using
Bovine Serum Albumin as a standard.

Proline determination: Proline was determined according
to the method described by Bates er al (1973).
Approximately 0.5 g of fresh leaf material was
homogenized in 10 mL of 3% aqueous sulfosalicyelic acid
and then this aqueous solution was filtered through
Whatman’s No. 2 filter paper and finally 2 mL of filtrated
solution was mixed with 2 mL acid-ninhydrin and 2 mL of
glacial acetic acid in a test tube. The mixture was placed in
a water bath for 1 h at 100°C. The reaction mixture was
extracted with 4 mL toluene and the chromophore
contaiming toluene was aspirated, cooled to room
temperature and the absorbance was measured at 520 nm
with a spectrophotometer. Appropriate proline standards
were included for calculation of proline in the sample.

Peroxidase determination: T.eaves (0.5 g) were
homogenized in 50 mM sodium phosphate buffer (pH 7.0)
containing 1% soluble polyvinyl pyrolidine (PVP). The
homogenate was centrifuged at 13000 x g for 15 min at 4°C
and the supernatant used for assays of the activities of
peroxidase (POD). The activity of POD was assayed by
adding aliquot of the tissue extract (100 pL) to 3 mL of
assay solution, comsisting of 3 mL of reaction mixture
containing 13 mM guaiacol, 5 mM H,O; and 50 mM Na-
phosphate (pH 6.5) (Chance and Maehly, 1995). An
increase of the optical density at 470 nm for 1 min at 25°C
was recorded using spectrophotometer. POD activity was
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expressed as change in absorbance min™ mg™' protein.
The increase in AA470 was measured for 3 min and

activity expressed as AA470 mg™' protein min .

Statistical analysis: Data were analyzed using MSTAT-C
Software and the mean comparisons were made following
Tukey’s Test at p 0.05. Orthogonal comparisons
between maize and wheat for studied traits were made,
using SAS Software.

RESULTS

As the data analysis of variance shows, all the traits
investigated in this experiment were significantly affected
by the salimty (Table 1). The species employed also
responded differently to the salimty stress (Table 4).

K, Na"and K*/Na" ratio: The sodium concentration of all
cultivars basically was low (Table 2, 3). With increase

Table 1: Mean square values for studied traits in wheat (W) and maize (M)

in salinity, leaf sodium content of all cultivars was
increased. In wheat cultivars; Kavir (tolerant) showed the
higher and lower K" and Na’, respectively compared to
Ghods (sensitive), resulting in the higher K'/Na' ratio in
this cultivar in both salinity levels (Table 2). The same
response was found for the 704 hybrid (semi- tolerant)
showed the higher K'/Na" and K" and lower Na’
compared to 666 hybrid (Table 3). Orthogonal comparison
between wheat and maize cvs. showed that K™ and K'/Na’
ratio had a higher level in wheat when compared with
maize. On the other hand maize showed a higher Na" than
wheat.

Protein content: The results confirmed that protein
content was increased in exposure to salt stress. In wheat,
protein content of tolerant cultivar was significantly
higher than the sensitive one (Table 2). The same
relationship was obtained for maize cultivar (Table 3).
Furthermore maize showed a higher protein content than
wheat cvs. when compared via orthogonal comparison.

K'imgg™ Na' (mg g™h) K'/Na* Proline (um g™!)  Protein (mgg™")  PODactivity (Umg™)
SOV Dt W M W M W M W M W M W M
Salinity 2 4082.5%* 6014. 8% 11000.0%* 22327.0%*%  3340.7** 861.2%* Q.0%F  14.2%* 1.8 14.8%* 01.0%* 83.3%*
Cultivar 1 2180.2%* 305.6%% 2968. 6% 509.1%# 152.2%%  24,5%%  ]3.8%+ 3.8k 34 1H* 1.8%* 68.4%* 10.1%#
SxC 2 1. 1% 40,25 * 27864 412.8%% 38.4%* 6.6%% 2.6%% 5.8%* 5,84 0.4%* 38.6%# 0.4%%

#%: Significantly at p<<0.01; ns: Non significant

Table 2: Comparison between wheat cultivars (Kavir and Ghods) for studied traits under salt stress

Salinity K*(mgg™) Na* (mg g™") K*/Na* Proline (um g™!) Protein (mg g™4) POD activity (U mg™)
levels

(dSm™  Kavir Ghods Kavir Ghods Kavir Ghods Kavir Ghods Kavir Ghods Kavir Ghods
1.26 118.9Aa 93.6Ba 2.3Aa 23Aa 51.6Aa 40.7Ba 0.9Aa 0.7Ba 4.7Aa 3.60Aa 3.3Aa 1.5Ba
(Control)

6.8 92.5Ab 71.9Bb 6.8Ab 8.4Bb 13.6Ab 8.6Bb 3.84Ab 1.2Bb 4.9Aa 2.7Ba 5.7Aa 2.6Ba
13.8 64.2Ac 44.1Bc 41.3Ac¢ 116.7Bc¢ 1.5Ac¢ 0.0AcC 4.4Ac 1.9Bc¢ 7.4Ab 2.4Ba 10.8Ab 8.9Ab

Tn each column, means followed by the small same letter are not significant at p<0.035 with Tukey’s test. For every studied trait, means followed by the capital

sarme letter, are not significant at p<0.05 with Tukey s test between two cultivars

Table 3: Comparison between maize cultivars (704 and 666) for studied traits under salt stress

Salinity K'(mgg™ Na* (mg g ™) K'/Na* Proline (um g™*) Protein (mg g™!) POD activity (Umg ™)
levels

@sm 704 6060 704 660 704 666 704 6060 704 6060 704 6060
1.26 86.8Aa 76.6Ba 3.5Aa 3.7Aa 24.8Aa  20.7Ba 1.6Aa 1.1Ba 4.4Aa 4.1Aa 10.9Aa 9.8Aa
(control)

6.8 46.8Ab 34.7Bb 7.1Ab 9.1Ab 6.6Ab 3.7Bb 2.7Ab 4.1Bb 54Ab 4.9Bb 14.6Ab 13.3Ab
13.8 20.6Ac 18.2Ac 96.5Ac  126.3Bc¢ 0.2Ac 0.1Ac 34Ac 5.3Bc T.9Ac 6.7Bc 18.8Ac 16.8Ac

Tn each column, means followed by the small same letter are not significant at p<0.035 with Tukey’s test. For every studied trait, means followed by the capital

sarne letter, are not significant at p<0.05 with Tukey’s test between two cultivars

Table 4: Orthogonal comparison between wheat (W) and maize (M) species for studied traits under salt stress

Salinity K" (mgg™) Na*(mgg™") K'/Na* Proline {(pm g™") Protein (mg g7 POD activity (Umg™)
levels

dSm™ W M W M W M W M W M W M

1.26 106.2a 81.7b 2.5b 3.6a 46.1a 22.7b 0.8b 1.4a 4.2a 4.3a 3.3b 10.4a
(control)

6.8 82.2a 40.8b 7.6a 8.1a 11.0a 5.1b 2.3b 34a 3.4b 5.2a 3.9 13.9a
13.8 54.1a 19.4b 79.0b 111.4a 0.8a 0.2b 3.2b 4.4a 4.9b 7.3a 10.8b 17.8a
EMS 1.4 0.8 0.9 0.01 0.3 1.7

CV% 1.9 2.6 6.5 4.20 10.6 12.1

For every studied trait, means followed by the same letter are not significant at corresponding salt levels
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Proline content: Data on proline measurement indicated
that proline accumulation has been the consequence of
salimty and different salimty levels had significant effects
(Table 1) on leaf proline content of two wheat and maize
cultivar. Maize cvs. showed a higher proline content when
compared with wheat cvs. Comparing proline content of
cultivars 1t was found that in wheat, the Kavir cultivar
accurnulated higher proline content compared with Ghods,
while in maize the 666 hybrid showed a higher proline
concentration under saline conditions when compared
with 704 hybrid (Table 2, 3).

Peroxidase activity: POD activity in leaves of all cultivar
was remarkably increased as a result of salt stress. In salt
stressed Kavir plants, leaf POD activity increased
approximately 2.2 and 1.2 fold that of Ghods at 6.8 and
13.8 dS m™', respectively (Table 2). Tn maize 704 cultivar
showed a higher increase in POD activity than 666 and the
activities were 1.09 and 1.2 fold n 6.8 and 13.8 dS m ™'
respectively (Table 3). Orthogonal comparison between
maize and wheat showed that maize had a higher POD
activity in control and both salinity treatments when
compared with wheat.

DISCUSSION

It has been demonstrated that both osmotic and 1onie
effects under salinity can limit photosynthesis and
respiration leading to an increase in ROS generation,
which are responsible for a secondary oxidative stress
that can damage cellular structure and metabolism. It 1s
also known that plant responses to salt stress are
multigenic, involving both osmotic and ionic homeostasis,
as well as cell detoxification, therefore; salt stress
resistance may depend, particularly, on the enhancement
of the antioxidative defense system, which mcludes
antioxidant compounds and several antioxidative enzymes
such as POD. In tolerant plant genotypes, POD activity
was found to be higher, enabling plants to protect
themselves against the oxidative stress, whereas such
activity was not observed in sensitive  plants
(Sairam et al., 2002). Accumulation of proline and protein
under stress mn many plant species has been correlated
with stress tolerance and its concentration has been
shown to be generally higher in stress-tolerant than in
stress-sensitive plants. Despite the presence of a strong
correlation between stress tolerance and accumulation
of proline and protein in higher plants, this relationship
may not be universal (Fougere et al., 1991; Petrusa and
Winicov, 1997, Lutts et al, 1999). However, further
studies are needed to determine whether the relationship
between stress tolerance and accumulation of proline 1s

species-specific or if it can be altered by experimental
conditions. Currently, there is more evidence supporting
the presence of a positive relationship. Regarding proline
content, we have constant argument that this component
is a plant response component to stresses. Protein
content was not considered in this
(De-Lacerda ef al., 2003).

The high number of differentially regulated proteins
under salt stress may reflect the physiological reactions
to a combination of ion intolerance, osmotic adjustment
and Na'/K™ homeostasis (L and Zhu, 1997). It was
evident from the present study that maize and wheat
varied markedly in their sensitivity towards salt stress.
Wheat was able to tolerate higher level of stress and
could maintain the growth of its shoots at stress
levels that were mlubitory for maize. As reported
earlier, the type of osmolytes and capacity to
accumulate  them during stress may vary between
different types of plants and specify their different
adaptive mechamsms.

Maize showed inherently higher proline content than
wheat during unstressed conditions and also accumulated
significantly more proline than wheat during stress. The
present study also indicated that wheat appeared to have
advantage over maize during salt stress with respect to
accumulation of proline and more accumulation of this
component in maize than wheat under saline condition is
not associated with tolerance and only was a reaction to
salt stress thus wheat has a better capacity for
osmoregulation. Tt is widely accepted that competition
exists between Na™ and K* leading to a reduced level of
internal K at high external NaCl concentration
(Botella et al., 1997). This can result in high Na'/K" ratios
that reduce plant growth and eventually become toxic
(Schachtman and Lio, 1999).

A notable distinction between maize and wheat
plants towards salt application was observed in the
present study. Wheat showed more tolerance towards salt
treatments than maize, as mdicated by response of
accumnulation of lower Na* content, higher K* and K*/Na”
ratio. This suggests that maize may lack the ability to
express some components to balance the increasing level
of Na" and then stabilize the high K*/Na" ratio.

Wheat, a C, plant, 1s better adapted to saline
conditions due to higher proline and protein accumulation
and POD activity than a C, plants like maize and this
pathway in C, plants 1s usually argued as conferring
greater tolerance to water deficits, high temperature and
nitrogen deficiencies while, wheat shows contrasting
response to these factors and had a better tolerance to
salt and cold stresses (Loomis and Connor, 1992). The
present  findings indicated that higher proline and

discussion
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protein content could be one of the deciding
factors, which offers advantage to wheat over maize for
superior
suggests use of physiological markers such as Na™, K
and K'/Na' ratio for selecting the tolerant cultivars of
maize.

performance under saline conditions and
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