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Abstract

To study the salt tolerance potential in pea cultivars (Pisum sativum L.), an experiment was conducted with nine local
pea cultivars: Samarina Zard (SZ), Olympia (OL), Early Green (EG), Climax (CL), 2001-20 (2001), Meteor (M), Euro (E),
9200-1 (9200) and 9800-5 (9800). The plants were exposed to two NaCl treatments: 0 and 75 mM NaCl. At the end of the
experiment, growth parameters, CI"and Na* in leaves and roots, and proline, quaternarium ammonium compounds, total free
amino acids and total soluble sugars in leaves were measured. Saline treatment reduced the total biomass in all the pea
cultivars. Thus, salt tolerance, based on growth reduction relative to the control treatment, was similar in all nine pea
cultivars. However, regardless of the salt treatments, the cultivars EG, SZ, 9200, 9800 and CL were more vigorous among
the nine cultivars. The cultivar 2001 had the highest leaf Na* and CI" concentrations these were the lowest in 9200. In the
nine cultivars studied, an increase was noted in the leaf proline, free amino acids, QAC compounds and total soluble sugars
with increase in the root zone salinity. Leaf proline and amino acids concentrations were negatively correlated with the leaf
Na* concentration suggesting that the synthesis of this organic solute is linked with the osmotic process adjustment rather

than CI" and Na" toxicity.
Introduction

Salinity is one of the serious environmental
problems that causes severe reduction in plant growth
and crop productivity in irrigated areas of arid and
semi-arid regions of the world (Cicerk & Cakirlar,
2002). Pea (Pisum sativum L.) has been classified as
having medium salt tolerance (Waheed et al., 2007;
Noreen et al., 2007), whereas the earlier growth stage
is more sensitive to salinity than subsequent stages
(Karajol & Naik, 2011). Salt-tolerance in pea plant can
also vary among species as Cerda et al., (1982) found
useful variation in the salt tolerance of pea cultivars
which provide 50% of the maximal yield between 6
and 10 dS m™. In plants salinity may affect the rate of
germination, seedling growth and yield (Bonilla et al.,
2004; Okcu et al., 2005; Ashraf et al., 2012), due
mainly to the Na® ion toxicity causing a range of
osmotic, metabolic and physiological problems (Tester
& Davenport, 2003; ). Moreover, some effects of high
salt in pea plants are also caused by the deficiency of
other nutrients like B and Ca which occurs due to
interference of salt ions with the uptake of these
nutrients (Silberbush & Ben-Asher, 2001).

Plants may respond morphologically and
physiologically to adopt the saline habitat (Sakamoto &
Murata, 2002; Balal et al., 2011). One of these
physiological responses consists of increasing the
concentration of solutes in the cells, process known as
osmotic adjustment, to maintain the cellular turgor which
keeps continuation of the water uptake and growth
(Kausar et al., 2012). Salinity causes a decrease in
osmotic potential of the soil solution and plant’s access to
soil water becomes limited because of the decrease in

total soil water potential (Awan et al., 2012). As the soil
dries, the concentration of salts in the soil solution
increases, with a concomitant further decrease in osmotic
potential. In order to ensure water uptake from a saline
soil, plants must osmotically adjust themselves. This can
be effected either by taking up significant amounts of
salts and distributing them within plant tissue, or
synthesizing organic solutes (Ashraf et al., 2012).
Halophytes (salt loving plants) generally have a higher
ability to store high amounts of salt ions in plant tissues
without affecting cell processes (Flowers, 2004) whereas
in contrast, glycophytes synthesize organic osmotica, and
try to prevent excess salt uptake and accumulation in
plant tissues for normal functioning of cell processes.
Whether halophytes or glycophytes, most of the plants
utilize a combination of these strategies (Soneoka et al.,
1999; Ashraf et al., 2006)). Although increased uptake of
salt ions may contribute to osmotic adjustment, Na* and
CI” may become toxic in most of the plants (Ashraf et al.,
2010). One such mechanism, more important and
prevalent in plants, is the accumulation of certain organic
metabolites of low molecular weight, collectively known
as compatible solutes such as sugars, amino acids,
proline, and quaternary ammonium compounds such as
glycinebetaine (Athar et al., 2009; Balal et al., 2011).
These compatible solutes are uniformly neutral with
respect to the perturbation of cellular functions, even
when present at high concentrations (Serraj & Sinclair,
2002). Accumulation of these organic solutes helps the
plants to retain water within cells and protect cellular
compartments from injuries caused by dehydration or thus
maintains turgor pressure during water stress (Ashraf et
al., 1994; Waraich et al., 2011). Moreover, these
compounds stabilize the structure and functions of certain
macromolecules (Balal et al., 2011).
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Although salt tolerance of pea plants may depend on
the variety but in the scientific literature the information
on comparison of different pea cultivars for salt tolerance
is scanty. The objective of this study was to determine
genotypic differences among the 9 pea cultivars
extensively grown in Pakistan, in terms of salt tolerance
and to determine if the difference in salt tolerance among
pea cultivars is due to the difference in accumulation of
organic solutes and CI" and Na* ions in the leaves.

Materials and Methods

Plant materials: The proposed study was carried out at
greenhouse of the Nuclear Institute for Agriculture and
Biology (NIAB), Faisalabad, Pakistan with 9 pea cultivars
[Samarina Zard (SZ), Olympia (OL), Early Green (EG),
Climax (CL), 2001-20 (2001), Meteor (M), Euro (E),
9200-1 (9200) and 9800-5 (9800)]. These pea cultivars
are typical from various climatic regions of Pakistan.
Seeds of all the cultivars were obtained from Ayub
Agricultural Research Institute, Faisalabad, Pakistan.
Physiological and biochemical data were recorded at
Plant Stress Physiology Lab of NIAB, Faisalabad,
Pakistan. The experiment was laid down in a completely
randomized design with three replications. Salinity levels
applied were, control (no-salt treatment) and 75 mM
NaCl. Seeds were sown in 9 liter, bottom perforated,
plastic pots containing sand rinsed with distilled water.
After emergence of first true leaf (15 days after
germination), the number of plants per pot was adjusted to
five and irrigated. Twenty days after sowing, half strength
Hoagland nutrient solution [containing 100 g/L KH,PO,,
500 g/L KNO; 500 g/L Ca (NOs),.4H,0O, 200 g/L
MgS0,.7H,0, and micronutrients] was applied to plants
as a growth medium. The electrical conductivity of
solutions with 0 or 75 mM NaCl treatment was 2 and 9.5
dS/m, respectively. To avoid the osmotic shock, NaCl
concentrations were adjusted by gradually increasing 25
mM every two days until desired concentration reached.
Each pot (5 plants) was considered as one replicate. Plants
were watered daily with sufficient volume to leach from
the bottom of all pots. During the experimental period
(30d), the diurnal temperature and relative humidity were
about 26+ 2°C and 70%, respectively.
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Plant growth parameters: Internodal distance for each
plant was measured with the help of measuring tape in
centimeters (cm). Average of internodal distance was
calculated for each treatment. Fresh weight of each plant
was recorded with the help of electronic balance. Average
fresh weight for each plant and treatment was calculated.
Dry weight of whole plant was measured after keeping
them in an oven at 72°C for 72 h. At the end of the
experimental period, number of leaves and branches per
plants were also counted.

Solutes accumulation: After 30 days of imposition of
salinity treatment, organic solutes were determined in
fresh tissue of leaves. Total free amino acids were
extracted with phosphate buffer having pH 7, and
quantified according to protocol described by (Hamilton
& VanSlyke, 1943). Lucine was used as standard.
Quaternary ammonium compounds (QAC) were extracted
with 1-2 dichloroethane (cooled at -10°C), quantified
according to Grieve & Grattan (1983) and glycine betaine
was used as standard. Proline was estimated according to
the method of Bates et al., (1973) by extracting with 3%
sulfo-salicylic acid. Total soluble sugars were determined
according to Riazi et al., (1985).

Leaf and root CI" and Na* concentration: Sub-samples
of leaf and root tissues were extracted with deionized
water, and tissue chloride was measured with a Corning
926 chloride meter (Sherwood, UK). Tissue Na*
concentration was determined by a flame photometer
(Jenway PFP-7, UK), after previous digestion in H,SO,
and H,0O, Methods ().

Results

Plant growth parameters: Total plant dry weight data
from the control treatment (Table 1) showed that the
cultivars more vigorous were EG, SZ, 9200, 9800 and
Climax, and the less vigorous was E. Results similar to
plant dry weight were observed for number of branches per
plant; however, the highest number of leaves per plant was
noted in Climax; this parameter being not significant only
in the SZ cultivar. Inter-nodal distance also significantly
varied with the cultivar in the following order: 9800>
2001> EG> Climax> Olympia> SZ> 9200> M>E.

Table 1. Plant dry weight, number of leaves and branches per plant, and inter nodel
distance in different pea cultivars.

Cultivar Plant dry weight Leaves plant™ Branches plant™ Inter nodel distance (cm)
2001 1.37 ct 70 bed 8c 5.27b
EG 191a 82b 10 ab 5.17 be
M l4lc 71cd 9bc 4.03¢g
Sz 1.80 ab 80 abc 10 ab 460e
9800 192a 73 cd 11la 5.60a
9200 1.71ab 70 cd 9 abc 4.27f
Climax 191a 89a 10 ab 5.03 cd
Euro 0.75d 71 bc 6d 1.77h
Olympia 1.54 be 68 d 9bc 487d

ANOVA ***i ** **k*k **k*k

TWithin each column, different letters indicate significant differences at p<0.05
1** and *** indicate significant differences at p<0.01 or 0.001, respectively
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The salt treatment decreased all the growth parameters
measured in this experiment i.e., total plant dry weight,
number of branches and leaves per plant, and inter-nodal
distance, but significant interaction of cultivar x salt
treatment was only noted in the inter-nodal distance and
the number of leaves (Fig. 1). In inter-nodal distance, the
significant interaction was due to SZ, 6200 and CI cultivars
that had the lowest reduction due to salt treatment, the
highest reductions were found in 2001 and E cultivars. As
regards the number of leaves per plant, the salt treatment
did not reduce this parameter in the EG, 9800 and Cl
cultivars but reverse was the case with other cultivars.

Leaf and root CI" and Na* concentration: There was an
increase in the Na* and CI concentration in leaves and
roots with increasing salinity level in the root medium,
but this increase depended on the cultivar as interactions
of cultivar x salt treatment were significant (Fig. 2). The
highest leaf CI" and Na" concentration was observed in
cultivars 2001 and E, while the lowest was observed in
9200 and Cl, and intermediate values were noted in 9800,
EG, M, SZ, and OL. In the root, the highest CI’
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concentration was observed in 2001 and E, the lowest was
found in CI, and the rest of cultivars had intermediate
values. Root Na® concentration also depended on the
cultivar increasing in the following order: 9200 < E <
2001 <M < SZ =0L <9800 <Cl.

Leaf organic solute concentration: Statistical analysis of
the data regarding leaf organic solute concentration
showed that the differences between control and salt
treatment were highly significant and dependent on
cultivar type. Salt treatment increased leaf proline
concentration, but this increase was greater in EG, SZ and
Cl than in the rest of the cultivars where there was small
differences between them (Fig. 3). Similar results were
found for free amino acids, with the highest
concentrations noted in salinized EG, SZ, 9800 and ClI
cultivars. Quaternary ammonium components (QAC)
increased with salt treatment in all the cultivars, the
highest values found in EG, 9800 Cl and OL cultivars.
Leaf total soluble sugar concentration was increased by
salt treatment in the following order: M <2001 =SZ = Eu
<9200 < EG < OL < Cl <9800.
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Fig. 1. Effects of salt stress on total plant weight (A), number of brunches (B), inter nodal distance (C) and number of leaves (B) in
different pea cultivars. Ns, *, **, **** indicate non-significant or significant differences at p<0.05, 0.01 and 0.001, respectively.
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Fig. 2.Effects of salt stress on leaf CI concentration (A), leaf Na* concentration (B), root CI" concentration (C) and root Na*
concentration (D) in different pea cultivars. **** indicate significant differences at p<0.001.
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Fig. 3. Effects of salt stress on proline (A), total free amino acid (B), quaternarium ammonium compounds (QAC) (C) and total soluble
sugar concentration (D) in different pea cultivars. Each value is the mean of three plants. **** indicate significant differences at p<0.001.
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Pearson’s correlation coefficients and linear
regressions: When data at the end of the experimental
period were pooled across cultivars for the 75 mM
NaCl treatment, proline was positively correlated with
AA and QAC but negatively correlated with Na'.
(Table 2, Fig. 4). QAC showed positive correlation
with Na" while it was negative for sugar. There were
significant positive correlations between QAC and
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Sugars, and between leaf CI" and leaf Na®. Salt
tolerance was not related to any parameter. Pooling
Na® concentration versus leaf root concentration
revealed that increasing Na* concentration in the roots
decreased Na® concentration in the leaves, however,
pooling leaf CI" versus root CI” revealed that increasing
CI"  concentration in the roots increased CI
concentration in the leaves.

Table 2. Pearson’s correlation coefficient between proline, amino acids (AA), quaternary ammonium compounds
(QAC), chloride and sodium concentration in leaves of Samarina Zard (SZ), Olympia (OL), Early Green (EG),
Climax (Cl), 2001-20 (2001), Meteor (M), Euro (E), 9200-1 (9200) and 9800-5 (9800) treated with 75 mM NaCl (n=27).

Proline AA QAC Sugars Leaf CI Leaf Na
AA 0.77***f
QAC 0.46* 0.66***
Sugars ns 0.68*** 0.75***
CI leaf ns ns ns
Na* leaf -0.66*** -0.63*** ns 0.58***
Salt tolerance ns ns ns ns ns
Critical r of n =24 at p<0.05 = + 0.40
t*n.s.’, *, and *** indicate non-significant or significant differences at p<0.05, or 0.001, respectively
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Fig. 4. Relationship between leaf proline, amino acid and root Na* concentrations versus leaf Na* concentrations (A, B and C,
respectively), and between leaf CI” versus root CI” concentrations (D) in different pea cultivars treated with 75 mM NaCl. *, ** and
*** indicate significant slope at p<0.05, 0.01 and 0.001, respectively.
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Discussion

In previous studies it has been observed that pea
cultivars possess a wide range of variation in salinity
tolerance. For example, Cerda et al., (1982) classified the
pea cultivars SP-290 and Durana as moderately salt
sensitive and moderately salt tolerant, respectively.
Hernandez et al., (1995) also observed differences in the
salt tolerance of two pea genotypes, designating to cv
Granada as NaCl-tolerant and cv Challis as NaCl-
sensitive. In present study, based on plant dry weight
reduction, all the pea cultivars had similar salt tolerance
as supported by non-significant interaction between
cultivar x salt treatment. In addition, as total plant dry
weight was decreased by 14% after 30 days of growth
under saline conditions, relative to the control treatment
(Fig. 1), it can be concluded that all these cultivars are
moderately sensitive to salt stress (Maas & Hoffman,
1977). Nevertheless, these data analyzed in absolute terms
(g dw per plant; Table 1) showed that the more vigorous
cultivars were EG, SZ, 9200, 9800 and CL. Thus, from an
agronomic point of view, these five cultivars could be the
suitable for cultivation with irrigation water of both good
and bad quality.

In addition to the total plant dry weight reduction by
salt results our experiment also confirmed that the
internodal distance and number of branches and leaves,
could be decrease with the increase in the salinity of the
root medium (Zhu et al., 2001). The reduction in internodal
distance and number of branches may be due to the
reduction in turgor potential, necessary for cell elongation,
sodium/chloride ion toxicity, and/or disturbances in
metabolic pathways (Igbal & Ashraf, 2005). Many reports
also indicated that fresh and dry weight reduction under
saline conditions may be due to the reduction in above
ground biomass production (Sagi et al., 1997).

Although salt tolerance was similar in all 9 cultivars
and was not related with leaf CI” or Na* concentration
(Table 2), differences in the leaf CI" and Na*
concentrations among different cultivars were observed.
As regards Na*, the cultivar 2001 had the highest and CL
had the lowest concentration. The fact that the
relationship between leaf and root Na* concentration was
negatively related indicates that the cultivars with ability
to accumulate high Na* concentration in the roots avoided
a high concentration in the leaves (Fig. 4). In other
species such as citrus (Garcia-Sanchez et al., 2002),
differences in the leaf Na* concentration among cultivars
have also been observed. Although the mechanisms are
not well known, these differences may arise in those
cultivars able to withhold Na* in roots and stems,
avoiding their transport to the leaves. As regards CI', in
our experiment, the leaf and root CI” concentration was
positively correlated, whereas cultivars with high leaf CI
concentration, such as 2001 and SZ, also had the highest
root CI" concentration (Figs. 2,4). This indicates that the
roots of pea cultivars used in this experiment have not any
ability to exclude CI" and so avoid the CI transport from
roots to leaves. Thus, different leaf CI° concentrations
observed among the cultivars could be due to other
factors like different leaf transpiration, water use
efficiency and/or root to shoot ratio (Syvertsen et al.,
2010; Akram etal., 2011).
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Varietal differences in leaf proline and amino acids
accumulation were recorded for pea cultivars in present
study, but in the nine cultivars studied there was an increase
in the leaf proline, free amino acids, QAC compounds and
total soluble sugars by increasing salinity in the root zone.
Under salt stress conditions, high concentrations of proline
and amino acids are produced to reduce the damages caused
by salinity due to the toxic and/or osmotic effect (Ashraf &
Haris 2004). Proline is a common cytoplasmic compatible
solute, which is thought to have several roles including the
stabilization of membranes and proteins that protect them
against temperature extremes, toxic ions and oxidative
damage (Samaras et al., 1995; Khan et al., 2009). There was
a negative significant relationship between leaf proline and
amino acids concentration and leaf Na* concentration (Table
2). Climax (CL) was the cultivar which had the highest leaf
Na“ concentration and the least leaf proline concentration,
indicates that the synthesis of proline and amino acids is
linked with the osmotic process adjustment rather than CI°
and Na" toxicity, so those pea cultivars with low leaf Na*
concentration increased the synthesis of organic solutes to
contribute to osmotic adjustment and so maintained an
osmotic potential gradient to facilitate the inward water
movement (Khan et al., 2000). Under stress conditions,
plants can accumulate other organic solutes, in addition to
proline, like sugar, polyols, and quaternary ammonium
compounds (Khan et al., 1998; Balal et al., 2011).
Glycinebetaine is one of the most abundant quaternary
ammonium compounds under stress environment (Yang et
al., 2003). Glycinebetaine is the osmoprotectant which
stabilizes the structure and activities of enzymes, protein
complexes and maintains the integrity of the membrane
against the damaging effects of excessive salt. In present
experiment, salt treatment increased the glycinebetaine and
sugar accumulation, thus these results indicate that the high
concentration of these organic solutes may also contribute
towards their tolerance to salt.

In conclusion, the obvious effect of salinity on the
nine pea cultivars was a reduction in the growth
parameters. Based on the total plant dry weight reduction
by salt treatment, all nine cultivars had similar salt
tolerance as cultivar type x salt treatment interaction was
not significant. However, in absolute terms, the cultivars
EG, SZ, 9200, 9800 and CL showed more vigorous
growth among the nine cultivars studied. The high
concentration of organic solutes may be used as selection
criteria for salt tolerance in pea because cultivars with
higher proline, amino acid, sugar and QAC possessed
higher biomass under saline conditions.
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