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Abstract: Seed priming approach was adopted to modulate salt tolerance of wheat sensitive cultivar
under saline environment. Caryopses of  wheat salt sensitive cultivar (Triticum aestivum L.) were
primed in different concentrations of choline chloride (CC, 0, 5, 10 mM) for 24 h at room
temperature. The caryopses were then germinated in sand culture for 10 d, watered with 1/4-strength
modified Hoagland solution (MHS). Next, 10-day-old seedlings grown in the sand culture were
supplemented with 150 mM NaCl for three weeks. Changes in the fresh mass (FM), dry mass (DM),
relative growth rates (RGR), mineral content of root and shoot, proline (Pro), glycinebetaine (GB),
glutathione,  lipid peroxidation and plasma membrane (PM) permeability were determined in presence
and absence of choline and NaCl. Choline priming significantly alleviated the NaCl-induced growth
reduction, the effect was more pronounced with 5 mM choline. Choline priming decreased Na+ and
Cl- and increased K+ and Ca2+ in the shoot and root of the stressed plants, more so with 5 mM
choline. Pro level was reduced by choline pretreatment. GB was increased in primed seedlings relative
to non-primed ones. Choline priming remarkably decreased leaf lipid peroxidation compared with non-
primed plants. Salt imposition increased the PM permeability: an effect was mitigated by 5 mM
choline priming. The results suggested that improvement of salt tolerance in wheat might be achieved
through choline priming of caryopses. This might occur through increased GB accumulation,
maintained ion homeostasis, and reduced lipid peroxidation.
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INTRODUCTION

Salinity is one of the major environmental factors that adversely affect crop growth and productivity.
About one-fifth of irrigated agricultural land is adversely affected by salinity (Munns and Tester, 2008). Most
grain crops and vegetables are glycophytes and highly sensitive to soil salinity. Salt stress inhibits plant growth
through two major effects. First, osmotic or water-deficit effect, that is, salt in soil water reduces the plant
ability to take up water, and this leads to reduced growth. Second is: salt-specific or ion-excess effect: that
is, accumulation of high level of toxic ions (e.g. Na+, Cl-) in the cytoplasm with a reduction in beneficial ions
(e.g.  K+, Ca2+), further reducing growth. In addition, salt stress leads to oxidative stress, which results from
induced active oxygen species formation (Munns and Tester, 2008; Heidari, 2009). Cellular metabolism is
disrupted by active oxygen species through oxidative damage to membrane lipid, proteins and nucleic acids
(Mittler, 2002). Reduced growth and productivity induced by salinity is not parallel to increased food demands
all over the world. Therefore, the need to develop salt tolerant crops is crucial.

Considerable efforts have been devoted to develop salt tolerant lines or cultivars of various crop species.
Conventional breeding has been employed to improve crop salt tolerance, but commercial success has been
very limited because of various difficulties (Ashraf, 1994; Flowers and Yeo, 1995; Flowers, 2004; Ashraf and
Foolad, 2005). Several attempts for induction of crop salt tolerance have been adopted through genetic
transformation. However, limited progress has been made in developing transgenic plants with improved salt
tolerance (Flowers, 2004; Ashraf and Foolad, 2005). Furthermore, testing the salt tolerance of transgenic plants
under field conditions of salinity is lacking and argued (Flowers, 2004). Seed priming is one of the useful
physiological approaches that could be used to adapt glycophyte species to saline conditions (Sivritepe et al.,
2005; Ashraf and Foolad, 2005; Iqbal and Ashraf, 2005; Sargent et al., 2006). Therefore, seed priming in a
precursor (i.e., choline) that might be synthesized to an osmoprotectant (i.e., glycinebetaine) and/or a membrane
phospholipids constituent (i.e., phosphatidylcholine), that may have significance in regulating ion absorption
under salt conditions, would be of great interest.

A correlation between organic osmolytes (known as compatible solutes) accumulation and plant salt
tolerance has been reported (Mansour, 2000; Rhodes et al., 2002; Chinnusamy et al., 2005). Compatible solutes
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include polyols, sugars, amino acids and betains; their proposed functions are protection of macromolecular
structures and osmotic adjustment (Mansour, 2000; Rhodes et al., 2002; Sakamoto and Murata, 2002). Among
the compatible solutes, glycinebetaine accumulate widespread in plants under various types of environmental
stresses, and it has been found to alleviate the adverse effects of salinity in various crop species (Mansour,
1998, 2000; Rhodes et al., 2002; Munns and Tester, 2008; Banu et al., 2009; Athar et al., 2009; Chen et al.,
2009). Furthermore, exogenous application of choline confers salt tolerance in plants and cyanobacteria via
accumulation of glycinebetaine (Mansour et al., 1993; Incharoensakdi and Karnchanatat, 2003; Su et al., 2006;
Cha-um et al., 2006).

Glycinebetaine is synthesized from choline in various plants via two-step oxidation (Sakamoto and Murata,
2002; Chen and Murata, 2002). Choline itself may serve as an osmoprotectant in an organism provided that
the organism possesses both choline uptake and oxidation activity (Incharoensakdi and Karnchanatat, 2003).
Moreover, choline has a vital role as the precursor for phosphatidylcholine, a dominant constituent of
membrane phospholipids in eukaryotes (Rathinasabapathi, 2000). Membrane lipids play a fundamental role in
regulating ion absorption through cell membranes since they control membrane fluidity and membrane
permeability as well as the environment surrounding proteins, which influence the activity of membrane
transport systems (Mansour et al., 2003; Toulavuori and Luttge, 2007). These membrane qualities influence
ion uptake and transport which has a great impact on plant performance under saline conditions.

The study was undertaken to investigate the role of choline priming (a natural metabolite) on enhancing
salt tolerance of wheat sensitive cultivar. Biomass production at the seedling stage was used to indicate
alteration in salt tolerance. Elemental content, compatible osmolytes, plasma membrane permeability and lipid
peroxidation were analyzed to assess the mechanism by which choline improved salt tolerance of wheat. 

MATERIALS AND METHODS

Plant Growth and Treatments:
Caryopses of salt sensitive wheat (Triticum aestivum L. cv. Gomeza 7) were obtained from National

Research Center, Giza, Egypt and stored in the refrigerator. The caryopses were surface sterilized with 0.1%
HgCl2 for 5 min and then rinsed with tap water several times. The caryopses were primed with 0 (distilled
water), 5 and 10 mM choline chloride (CC) for 24 h at room temperature. The solutions were changed every
4 h. After priming, the caryopses were germinated in sand culture composed of a mixture of fine and coarse
sand to ensure good aeration and drainage. Each pot contained 12 caryopses. Quarter-strength modified
Hoagland solution (MHS, Epstein, 1972) was used for watering. After 10 days of germination, non-primed
plants (0 mM choline chloride) were further divided into 2 groups: one group was grown in MHS only (control
plants) and the other group received only salt treatment (150 mM NaCl). The plants were grown under natural
conditions with an average temperature of 23oC and relative humidity of 45% and 16 h photoperiod. The
photosynthetic photon flux density (400-700 nm) at maximum plant height was about 400 W/m2/s.

NaCl treatment (150 mM) was imposed 10 days after germination.  NaCl concentration in each pot was
kept constant through leaching of the pots by applying large amount of water every week. There were three
replicates for each treatment, each consists of 5 pots with 60 plants total. NaCl treatment lasted three weeks.

Growth analysis:
After 3 weeks of salt treatment, the plants were harvested and fresh mass (FM), dry mass (DM), relative

growth rates (RGR) and length of shoots and roots were determined.

Elemental analysis:
Sodium, potassium and calcium were determined by the flame photometer (Shambhavi Impex, India)

according to Ranganna (1977). Chloride was determined colorimetrically with the method of Ranganna (1977).

Determination of Proline and Glycinebetaine:
Proline and glycinebetaine were determined spectrophotometrically according to Bates (1973) and Grieve

and Maas (1984), respectively. 

Determination of Plasma Membrane Permeability:
The plasmometric method (Stadelmann and Lee-Stadelmann, 1989; Mansour, 1997) was used for

measurement of the plasma membrane permeability coefficient (Ks) of individual intact subepidermal cells of
the leaf sheath.
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Determination of Lipid Peroxidation and Reduced Glutathione:
Lipid peroxidation was estimated as the concentration of thiobarbituric acid reactive product

malondialdehyde using the method of Ohkawa et al. (1979). The reduced glutathione was determined according
to Beutler et.al. (1963).

Statistical Analysis:
The data were subjected to analysis of variance (ANOVA), and the difference between means was

compared by LSD test at a significance level of 0.05.

RESULTS AND DISCUSSION

The FM, DM and RGR of shoots and roots were significantly decreased by salt imposition for 3 weeks
relative to control seedlings (Tables 1 and 2). In contrast, shoot height was not significantly affected by either
NaCl or choline treatment whereas root length was increased by NaCl and decreased by 5 mM CC (Tables
1 and 2). CC priming counteracted the deleterious effects of salt on growth and increased the FM, DM and
RGR of the shoot and root as compared with control and only salt treated plants (Tables 1 and 2). Shoot and
root growth attributes of the primed seedlings were not significantly different from those of the controls, and
5 mm CC even had greater DM compared with the controls (Tables 1 and 2). Generally, 5 mM CC was more
efficient than 10 mM CC in improving plant growth under salt stress.

NaCl treatment caused significant decrease in K+ and Ca2+ and an increase in Na+ and Cl- concentrations
of shoot and root of seedlings derived from non-primed caryopses comparing with control plants, which
remarkably changed Na+/K+ ratio (Tables 3 and 4). Choline priming caused significant increase in the
concentration of K+ and Ca2+ and a decrease in Na+ and Cl- of the shoot and root grown in saline conditions.
Shoot Ca2+ value of primed seedlings was even comparable to those of the controls (table 3). Consistent with
the growth data, choline priming at 5 mM (relative to 10 mM CC) led to greater beneficial K+ and Ca2+ and
lower toxic Na+ and Cl- in the shoot and root under salt stress, but still lower (K and Ca) and higher (Na, Cl)
than the controls (Tables 3 and 4). Shoot Na+/K+ ratio changed from 1.46 for seedlings received 0 mM CC to
0.3 and 0.5 for primed seedlings with 5 and 10 mM CC, respectively, under NaCl stress. With choline priming,
primed wheat seedlings had lower Na+/K+ ratio than non-primed ones, but this ratio was still greater than that
of the controls (Tables 3 and 4). Root Na+/K+ ratio decreased from 1.68 for seedlings received 0 mM CC to
0.97 and 1.46 for primed seedlings with 5 and 10 mM CC, respectively, which again still higher than that of
the controls (Tables 3 and 4).

Proline and glutathione concentrations obtained from non-primed seedlings were significantly higher than
those of primed seedlings under salt stress (Table 5). Also, they were less than control values. More reduction
in proline and glutathione levels was obtained with 5 mM CC. Applied NaCl salinity increased leaf
glycinebetaine in both primed and non-primed seedlings relative to control seedlings, more so in primed
seedlings (Table 5). Glycinebetaine accumulation was greater in plants recieved 5 mM CC relative to those
received 10 mM CC under salt stress. Glycinebetaine was greater in primed seedlings than that in control ones.

Lipid peroxidation in leaves, measured by MDA content, increased after salt imposition in relation to the
controls (Table 5). Choline priming remarkably decreased leaf lipid peroxidation compared with non-primed
seedlings (Table 5), the effect was more pronounced in plants primed with 5 mM CC. MDA values of the
primed plants were greater than those of the controls (Table 5). Plasma membrane permeability of leaf sheath
subepidermal cells was increased by NaCl in non-primed seedlings comparing with control seedlings (Table
6). Choline priming decreased significantly the permeability coefficient values only in seedlings received 5 mM
CC relative to non-primed ones, and also was not significantly different from the controls. In addition, priming
with 10 mM CC had greater permeability coefficient in relation to the controls (Table 6).

Table 1: Influence of 150 mM NaCl for 21d on shoot fresh mass (FM), dry mass (DM), relative growth rate (RGR) and height (cm)
of wheat sensitive cultivar primed with 0, 5 and 10 mM choline choride (CC) for 24 h. Control, caryopses received neither
CC nor NaCl. Each value is the mean ± S.D. of 3 replicates

Treatment FM (g plant -1) DM (g plant-1) RGR (on dry mass basis, d-1) Height (cm)
Control 1.356 ± 0.41 0.181 ± 0.02 0.109 ± 0.002 38.14 ± 3.85
0 mM CC + 150 mM NaCl 0.771 ± 0.15a 0.119 ± 0.02a 0.085 ± 0.001a 40.95 ± 3.47
5 mM CC + 150 mM NaCl 1.375 ± 0.26b 0.194 ± 0.03b 0.109 ± 0.001b 38.26 ± 4.91
10 mM CC + 150 mM NaCl 1.208 ± 0.19b 0.187 ± 0.02b 0.108 ± 0.002b 39.43 ± 2.54
LSD 0.31   0.04 0.005 5.24
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Table 2: Influence of 150 mM NaCl for 21d on root fresh mass (FM), dry mass (DM), relative growth rate (RGR) and length (cm) of
wheat sensitive cultivar primed with 0, 5 and 10 mM choline choride (CC) for 24h. Control, caryopses received neither CC
nor NaCl. Each value is the mean ± S.D. of 3 replicates

Treatment FM (g plant -1) DM (g plant -1) RGR (on dry mass basis, d-1) Length (cm)
Control 0.275 ± 0.04 0.047 ± 0.01 0.185 ± 0.002 15.79 ± 2.14
0 mM CC + 150 mM NaCl  0.189 ± 0.11a 0.031 ± 0.01a 0.162 ± 0.002a 41.84 ± 2.59a

5 mM CC + 150 mM NaCl 0.231 ± 0.07b 0.051 ± 0.006b 0.188 ± 0.003b 21.42 ± 4.28b

10 mM CC + 150 mM NaCl 0.271 ± 0.09b 0.047 ± 0.008b 0.185 ± 0.002b 40.24 ± 2.65
LSD  0.10 0.009 0.007 9.11

Table 3: Influence of 150 mM NaCl for 21d on shoot concentration (mg g-1DM) of Na+, K+, Ca2+, Cl- and Na+/K+ ratio of wheat sensitive
cultivar primed with 0, 5 and 10 mM choline chloride (CC) for 24h. Control, caryopses received neither CC nor NaCl. Each
value is the mean ± S.D. of 3 replicates 

Treatment Na+  K+ Ca2+ Cl- Na+/K+

Control 2.2 ± 0.44 43.8 ± 1.14 36.5 ± 0.81 7.6 ± 0.7 0.05 ± 0.01
0 mM CC + 150 mM NaCl 26.4 ± 0.85a 18.2 ± 2.14a 27.3 ± 1.12a 34 ± 3.29a 1.46 ± 0.18a

5 mM CC + 150 mM NaCl 7.2 ± 0.3b 23.9 ± 1.05b 35.9 ± 0.76b 26 ± 1.7b 0.3 ± 0.02b

10 mM CC + 150 mM NaCl 8.5 ± 0.56b 18.9 ± 0.76 33.5 ± 1.5b 35.2 ± 2.6 0.45 ± 0.02b

LSD  2.16 5.17 4.10 8.64 0.35

Table 4: Influence of 150 mM NaCl for 21d on root concentration (mg g1DM) of Na+, K+, Ca2+, Cl- and Na+/K+ ratio of wheat sensitive
cultivar primed with 0, 5 and 10 mM choline chloride (CC) for 24h. Control, caryopses received neither CC nor NaCl. Each
value is the mean ± S.D. of  3 replicates

Treatment Na+  K+  Ca2+ Cl-  Na+/K+

Control 7.07 ± 0.21 24.6 ± 1.14 43.8 ± 1.23 3.97 ± 0.2 0.29 ±0.01
0 mM CC + 150 mM NaCl 15.13±1.87a 9.07 ±0.67a 34.02±1.05a 50.8 ±1.12a 1.68±0.31a

5 mM CC + 150 mM NaCl 11.20 ±0.9b 11.6 ±1.04b 24.3 ±1.08b 42.9 ±2.62b 0.97±0.03b

10 mM CC + 150 mM NaCl 14.3 ± 0.73 9.87 ± 0.85 29.7 ±1.46b 47.4 ± 1.6b 1.46 ±0.06
LSD 4.14 3.55 4.48 6.12 0.60

Table 5: Influence of 150 mM NaCl for 21 d on the concentration of proline, glycinebetain, glutathione and lipid peroxidation (measured
as malondialdehyde) of wheat sensitive cultivar primed with 0, 5 and 10 mM choline chloride (CC) for 24h. Control, caryopses
received neither CC nor NaCl. Each value is the mean ± S.D. of 3 replicates 

Treatment Proline Glycinebetaine Glutathione Malondialdehyde
µmol g-1 FM µmol g-1 DM mmol g-1 FM µmol g-1 FM

Control 3.65 ± 0.07 68.62±7.41 7.97 ± 0.48 15.15 ± 2.4
0 mM CC + 150 mM NaCl  7.7 ± 0.6a 381.86±35.47a 10.03 ± 0.37a 114.66 ± 3.31a

5 mM CC + 150 mM NaCl 2.2 ± 0.14b 546.55±16.98b 4.34 ± 0.58 25.24 ± 1.63b

10 mM CC + 150 mM NaCl 4.85±0.07b 336.78±10.54 6.11 ±0.19b 27.68 ± 0.89b

LSD 0.90 119.78 1.63 8.45

Table 6: Influence of 150 mM NaCl for 21d on the membrane permeability coefficient (Ks, cm s-1) of leaf sheath subepidermal cells
of wheat sensitive cultivar primed with 0, 5 and 10 mM choline chloride (CC) for 24h. Control, caryopses received neither
CC nor NaCl. Each value is the mean ± S.D. of 10–15 cells

Treatment Permeability coefficient (cm s-1) x 10-7

Control 3.3±0.5
0 mM CC + 150 mM NaCl 5.5±0.2
5 mM CC + 150 mM NaCl 4.2±0.4b

10 mM CC + 150 mM NaCl 5.1±0.3
LSD 1.21

Discussion:
Reduced plant growth (as indicated by FM, DM and RGR measurements) observed after salt imposition

for 21 d has been reported in glycophytes and even in halophytes (Hamed et al., 2007; Panda and Khan,
2009). The negative influence of salinity on the growth might be attributed to salinity inducing effects; osmotic
stress, ionic imbalance and oxidative stress (Hasegawa et al., 2000), which eventually impair normal cellular
metabolism. Choline priming improved wheat salt tolerance, in terms of increased shoot and root FM, DM and
RGR under NaCl salinity, might be interpreted by the choline effects on increasing glycinebetaine
accumulation, maintaining beneficial elements (K+, Ca2+), minimizing toxic elements (Na+, Cl-) as well as
reducing oxidative stress (reflected in reduced lipid perioxidation). We infer that choline was taken up and
metabolized into GB by the seedlings, which contributed to the enhanced growth under salt imposition.  It is
interesting to mention that growth enhancement by CC priming was comparable to or even greater than that
of control seedlings (no salt, no CC treatment). This indicated that our easy and practical approach is
appropriate for agriculture practice where soil salinity prevails.

Reduced K+ and Ca2+ and increased Na+ and Cl- of the shoots and roots under NaCl salinity observed in
the current study was reported previously in different crops (Cuin et al., 2009; Roshandel and Flowers, 2009).
Choline priming increased K+ and Ca2+ and decreased Na+ and Cl- of the shoots and roots is suggestive of
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membrane protection and hence transport systems under salinity, either by choline itself or metabolism of CC
to GB. Choline and GB can directly protect membranes (Mansour, et al. 1993; Mansour, 1998). In addition,
GB can induce antioxidative systems (Chen and Murata, 2008) that also protect membranes and hence transport
systems. A lower Na+/K+ ratio, found under choline priming, is reported as a key determinant of crop salinity
tolerance (Maathius and Amtmann, 1999; Munns and Tester, 2008; Shabala and Cuin, 2008; Hauser and Horie,
2010). Despite Ca2+ and K+ were increased, and Cl- and Na+ decrease by CC priming, they were still lower
and higher, respectively, than the control values. It seems that Na+ and Cl- concentration was still in the range
that is not toxic, and that K+ and Ca2+ were in a favorable concentration suitable for normal metabolic
activities. 

Decreased proline accumulation in priming seedlings compared with non-priming seedlings under salinity
might indicate absence of proline role in enhanced plant growth observed under salinity. Proline accumulation
under salt stress caused growth inhibition in rice (Demiral and Turkan, 2005). Furthermore, role of proline in
salinity tolerance is still debatable (Ashraf, 1994; Mansour, 1998, 2000). High accumulation of proline also
reported in sensitive rice cultivars and was interpreted to have no protective significance against salinity
(Vaidyanalhane et al., 2003). We believe that proline accumulation might have no major role in combating
salinity stress and its role under saline conditions needs further elucidation.

Elevated glycinebetaine in the leaves of choline primed plants was apparently due to metabolism of CC
into GB (Cha-um et al., 2006). Overproduction of GB in plants under saline conditions is reported to be
correlated with salt tolerance (Mansour, 2000; Rhodes et al., 2002; Sakamoto and Murata, 2002; Munns and
Tester, 2008). Moreover, exogenous application of GB improves salt tolerance in different plant species (Chen
et al., 2009; Banu et al., 2009; Athar et al., 2009). GB is involved in osmotic adjustment and confers enzyme
and membrane protection under saline environment (Hanson and Burnet, 1994; Mansour 1998, 2000; Ashraf
and Foolad, 2007). Furthermore, reports indicate that accumulation of GB alleviates oxidative damage and
subsequently lipid peroxidation resulting from salt treatment (Sairam et al., 2002; Demiral and Turkan 2004;
Chen and Murata, 2008; Nawaz and Ashraf, 2010). Hence, elevated GB observed in this study might be of
greater significance in inducing antioxidant systems, which lowered lipid peroxidation and thus protect
membranes; the effect might contribute to increased wheat salt tolerance reported here. 

Glutathione content in primed and control seedlings was lower than non-primed plants treated only with
salt. The results suggest that glutathione might not be involved in proposed antioxidative activities (reflected
in reduced lipid peroxidation found in this study) induced by accumulated GB. Creisson et al. (1999) report
that overproduction of glutathione caused increased oxidative stress in transgenic tobacco plants. Salt stress
leads to oxidative stress through an increase in reactive oxygen species. These reactive oxygen species can alter
normal cellular metabolism through peroxidation of lipids, degradation of proteins and nucleic acids (Mittler,
2002). In our study lower level of lipid peroxidation was obtained in primed plants compared with non-primed
ones, suggestive of CC and/or GB induced antioxidant systems rather than glutathione under salt stress. This
enhanced protection against membrane oxidative damage under NaCl stress was reflected in fewer Na+ and Cl-

accumulation and maintained K+ and Ca2+ uptake as well as maintained plasma membrane permeability (next
section) in primed plants. 

The effect of salinity on plasma membrane permeability coefficient of non-primed plants was counteracted
by CC priming, particularly 5 mM. This can be attributed to GB and/or CC protective effect on the plasma
membrane; either directly (Mansour et al., 1993; Mansour, 1998, 2000) or indirectly through lowering lipid
peroxidation under salinity (Sakamoto and Murata, 2002; Chen and Murata, 2008; Nawaz and Ashraf, 2010).
Plasma membrane permeability probes changes in membrane composition and structure induced under different
challenges (Stadelmann and Lee-Stadelmann, 1989; Mansour, 1997; Mansour and Salama, 2004).

In conclusion, choline priming of caryopses (in particular 5 mM) enhanced wheat salt tolerance. This was
through maintained ion homeostasis, GB accumulation and reduced lipid peroxidation.
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