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Abstract

To appraise the potential role of foliar applied proline as an alternative shotgun approach to ameliorate the adverse
effect of salinity on wheat, a pot experiment was conducted under controlled environmental conditions, two wheat
genotypes; a salt tolerant strain ESW-9525 and a moderately tolerant cultivar kherman were used in this study. Factorial
combination of treatments with three replications was arranged under completely randomized design. Seven days old wheat
seedlings were exposed to various levels of salinity (0, 60 and 120 Mm NacCl) for one week and applied with foliar proline
(0, 50 and 100 mM) one week later. Salinity stress caused a significant reduction in plant growth, leaf photosynthetic
pigments, as well as alterations in ionic balance. Foliar applied proline significantly improved root and shoot length,
seedling fresh and dry weight, photosynthetic pigments, K" contents and K™: Na* ratio. Both genotypes varied considerably
in endogenous level of proline (Pro), glycine betaine (GB), total soluble sugars (TSS) and total phenolic contents (TPC) in
response to salinity and foliar proline as well. Foliar applied proline 50 mM and 100 mM were found as a stimulus for plant
growth triggering the physiological and biochemical attributes, However, 100 mM proline was the most effective to
ameliorate the toxic effects of salinity by improving root and shoot length, seedling fresh and dry weight, chlorophyll a, b
contents, TSS, Pro, GB, TPC and K+ contents and K/Na ratio in both genotypes. These findings confirmed the ability of

foliar applied proline to stimulate the salt tolerance in wheat plants.
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Introduction

Soil salinity is a major aspect that restricts the yield of
agricultural crops, jeopardizing the capacity of agriculture
to sustain the burgeoning human population increase
(Munns & Tester, 2008). Almost 7 percent of world’s total
land area is affected by salinity (Musyimi et al., 2007). The
problem of salinity in Pakistan is typical for irrigated
agriculture where drainage is inadequate. In Pakistan,
nearly 10 million ha area is badly affected by salinity,
comprising 12.9 percent of country land (Anon., 2008).

Salinity impacts plants in two most important ways:
elevated concentrations of salts in the soil perturb the
capacity of roots to extract water, and high levels of salts
within the plant itself can be toxic, resulting in a
suppression of many physiological and biochemical
processes such as nutrient uptake and assimilation
(Hasegawa et al., 2000; Munns & Tester, 2008). Like other
crops, salinity adversely affects the growth and yield of
wheat crop (Saboora & Kiarostami, 2006). It causes
imbalance in nutrients uptake like K, Na*, Ca*" and CI
which alters the plant metabolism by affecting osmotic
potential, enzymatic activities, membrane permeability and
electrochemical potential (Hu & Schmidhalter, 2005; Khan
et al., 2010). Increasing Nat+ and CI contents in
photosynthetic tissues can increase oxidative stress, which
facilitate inhibition of photosynthesis by the loss of
chlorophyll (Khosravinejad & Farboondia, 2008).

Plants have defense mechanisms for acclimatization
to saline environment. The most common one is
accumulation of various kinds of compatible organic
solutes (Serraj & Sinclair, 2002). These osmolytes
contribute to cellular osmotic adjustment, detoxification
of ROS, stabilization of enzymes/proteins and determine
adaptive ability of the photosynthetic apparatus of crops
growing under stressed environment (Yancey et al., 1982;
Shahbaz et al., 2011). Proline and quaternary ammonium

compounds help plants to maintain the cell turgor (Huang
et al., 2000). Proline is one of the well-known
osmoprotectants accumulated to high levels under saline
conditions (Khatkar & Kuhad, 2000). When wheat plants
undergo osmotic adjustment, endogenous proline level
may increase in response to salt stress generally believed
to role as a shield against salt damage (Wang et al., 2007).

For better growth of crops under salt stressed
conditions, various research tools are being tried to
counteract the effects of salinity. Exogenous application of
osmoprotectant such as proline is well-known to induce
abiotic stress tolerance in plants (Claussen, 2005; Ashraf &
Foolad, 2007). For instance, foliar spray of proline or
glycinebetaine counteracted the growth restrictions induced
by NaCl in rice (Rahman et al., 2002), wheat (Talat et al.,
2013) and maize (Ali et al., 2007). The exogenous proline
applications efficiently adjust osmotic potential and play a
critical role in sustaining plant growth under osmotic stress
(Serraj & Sinclair, 2002, Ashraf & Foolad, 2007).
However, the information regarding the role of exogenous
proline on early seedling growth in wheat is scarce. Hence,
present study conducted to evaluate the potential effects of
the foliar applied proline on growth, physiological and
biochemical parameters at seedling stage of two wheat
genotypes under saline conditions.

Material and Methods

A pot experiment was conducted to examine the role
of foliar applied proline to ameliorate adverse effects of
salinity on seedling growth of two wheat genotypes in
growth chamber (Vindon, England) at Plant Physiology
Lab, Nuclear Institute of Agriculture, Tandojam, Pakistan.
Day and night lengths were kept at 14/10 h, with 25°C
and 20°C temperatures, respectively. Relative humidity
was maintained at 60%. Seeds of wheat genotypes,
Khirman and ESW-9525 were surface sterilized in 3%
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sodium hypochlorite solution for 10 minutes, rinsed with
distilled water and air-dried. Seeds were sown in plastic
bowls (15 in each) containing acid/water washed sand.
Hoagland’s solution (50 ml) was applied to each bowl.
The experiment was conducted in completely randomized
design (CRD) in factorial arrangement using three
replications. After completion of emergence, 10 plants
were maintained in each replicate for imposition of
salinity and collection of data. Salinity based on NaCl salt
was imposed after uniform stand establishment to one
week old seedlings. Three salinity levels were maintained
at 0, 60 and 120 mM NaCl designated as control,
moderate and high salinity stress respectively.

Stock solution of 1M proline was formulated by
dissolving 11.513 g of extra pure proline (Mw = 115.13;
Scharlau, Spain) in 100 ml distilled water mixed 0.1% (v/v)
Tween-20. The working solutions of proline (0mM, 50mM
and 100mM) were prepared through dilution method.

One week after salinity imposition and maintenance,
proline (50mM and 100mM) against water spray as
control were applied at seedling stage using 50 ml
solution per replicate. After seven days of proline
application, samples were collected to record the data.

Measurements

Growth characters: Three weeks old seedlings were
evaluated for growth response after being carefully
removed from the sand. Root and shoot length of five
randomly selected seedlings was recorded per replicate
and averaged. Seedling fresh weight was determined
immediately after harvest; dry weight was taken after
drying at 70°C for 72 h.

Biochemical analysis: The chlorophyll a and b content
(mg g' F. wt.) were determined with the method as
described by Arnon (1949) by using the following
formulae:

Chlorophyll a (mg/100 mL) = 0.999 A663 - 0.0989A645
Chlorophyll b (mg/100 mL) = -0.328 A663+ 1.77 A645

Total soluble sugar, free proline and glycine betaine
were measured according to the methods described by
Riazi et al. (1985), Bates et al. (1973) and Grieve &
Gartan (1983) respectively.

However, total phenolic contents were measured by
using the method of Waterhouse (2001).

Determinations of ionic contents: Sodium and
potassium contents were measured according to Ansari
and Flowers, (1986). In order to estimate the inorganic
salts (Na" and K"), 0.1 g dried leaf sample was digested
with 0.2 mM acetic acid (CH3COOH) in water bath for 1
h pre-heated at 95°C, the extracted solution was filtered
and suitable dilution was made. Na' and K'
concentrations were determined by flame photometer
(Jenway, Model PFP7).

Statistical analysis: Graphical representation of seedling
growth data was made and standard error was computed
using Microsoft Excel program (Microsoft Corporation,
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Los Angeles, CA, USA) for comparison of treatments.
The collected data of biochemical parameters was
analyzed by implying Fisher analysis of variance
technique and significant treatments means were analyzed
using least significance difference (LSD) test at 0.05
probability levels (Steel et al., 1997).

Results

An increase in NaCl concentrations to 60 or 120 mM
significantly reduced the length of root and shoot,
seedling fresh and dry weight compared to control.
However, foliar applied proline significantly affected
early seedling growth (Figs. 1&2).

Proline application under different levels of NaCl
salinity significantly (p<0.05) improved the root and
shoot length of both genotypes over control (non-
sprayed). Plants sprayed with 100 mM proline exhibited
maximum root and shoot length even under high salinity
(120 mM NaCl) in both genotypes. Response to
exogenous applied 50 mM proline was not too much
effective for shoot length at 60 mM NaCl in ESW-9525
(Fig. 1a) and for root length at high level of salinity in
both genotypes (Fig. 1b) and behaved similar to control.
Seedling fresh and dry weight improved for both
genotypes under various salinity levels and significantly
improved over control ((Fig. 2a,b). Nevertheless foliar
applied proline (100 mM) exhibited maximum seedling
fresh and dry weight in both genotypes under control and
high salinity (120 mM NaCl) as well. The genotype
Khirman improved seedlings fresh weight for 50 mM
applied proline at 60 mM NaCl stress (Fig. 2a) and for
seedling dry weight behaved like control under 120 mM
NaCl (Fig. 2b). Although both genotypes respond well
towards the foliar application of proline, nevertheless
ESW-9525 performed better than Khirman under various
levels of salinity.

Proline treatments showed positive impact on
chlorophyll a and b contents of both wheat genotypes
under salinity (Table 1). Foliar applied proline (50 mM)
improved chlorophyll a however; proline application (100
mM) had significant (p<0.05) effect on chlorophyll a and
b contents in Khirman. In case of ESW-9525, 100 and 50
mM proline treatments significantly (p<0.05) improved
contents of chlorophyll a and b respectively over non-
sprayed plants under control and salt stress as well.
Moreover minimum chlorophyll contents were found in
untreated plants of ESW-9525 at 120 mM NaCl salinity.

Similarly proline treatments significantly affected the
TSS, TPC, Pro and GB contents of both wheat genotypes
under salinity (Table 1). Foliar applied proline significantly
(p<0.05) improved TSS in both genotypes under salinity
and revealed that plants of Khirman subjected to 50 mM
proline showed maximum TSS followed by 100 mM
proline at 120 mM NaCl stress. Similarly, in case of ESW-
9525 highest TSS was observed in seedlings exposed to
100 mM proline at 120 mM NaCl. Whereas minimum TSS
was observed in Khirman for control (under non-saline
conditions) and behaved similar to 50 mM proline.
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Table 1. Influence of foliar applied proline on Chlorophyll a, b contents, total soluble sugars (TSS), total phenolics contents (TPC) [mg/g
(FW)], proline (Pro), glycine betaine (GB) [umol/g (FW)], Na*, K* (%) and K*/Na" of two wheat genotypes grown under salinity.

Salinity | Foliar . . K*/Na*

Genotypes NaCl mM | proline Chla | Chlb TSS TPC Pro GB Na K ratio
Khirman 0 O0mM  1.86e 1.02cd 5.84j 3.25k 5.16k 6.35k 0.38f 1.893 ¢ 4893 ¢
Khirman 0 50mM  1.97¢ 0.93de 5.87j 3.51k 5.39jk 7.63j 0.2%i 2.243 b 7.566 b
Khirman 0 100mM 2.23a  137a 697 5.20j 6.28i 9.06hi 0.34g 2.126 ¢ 6.133d
Khirman 60 O0mM 143k 0.70g  6.32i 6.83de  6.65h  10.19g 0.48d 1.433jj 2.970jk
Khirman 60 50mM 1497 0.69¢h  7.88f  6.15fg  7.03g  8.73hi 0.40ef  1.5367h  3.77 gh
Khirman 60 100mM 1.67g  096de 7.37gh  6.67def 8.17¢  12.70d  0.51lcd 1.760f 3.450hi
Khirman 120 OmM 1.10m 0.54ij 7.74fg  9.22b 8.54d  9.56gh 0.68a  0.9933m  1.460 m
Khirman 120 50mM  1.05n  0.44j 10.4b 8.17¢ 8.84d 12.99d 0.65a 1.0267m 1.886 1
Khirman 120 100mM  1.57i  0.71g  9.15d  10.57a  10.33a  15.24b 0.54¢ 1.370jk 2.0831
ESW 9525 0 0 mM 1.79f  0.96de 7.14h 4.94j 4.491 7.81j 0.34¢g 2.010d 5.800 d
ESW 9525 0 50mM  1.92d 1.23b  7.21h 5.36ij 4.821 8.19jj 0.28i 2.393a 8.353a
ESW 9525 0 100mM 2.16b 1.1lc  8.12¢f  5.46hij 5.71j 11.23f  0.32gh  2.193bc 6.713 ¢
ESW 9525 60 0mM 142k 0.77fg  8.36¢ 6.6def 6231  9.40gh  0.5lcd 1.6667g  3.270jj
ESW 9525 60 50mM  1.62h 1.04cd 8.93d 7.16d 7.88ef  11.34ef 0.43¢ 1.7933f  4.1033g
ESW 9525 60 100mM 1.63h  0.73fg  10.08b  5.97gh  6.54hi  14.13c 0.42¢ 1.9167¢ 4493 f
ESW 9525 120 O0mM 0940 0.5%h 897d  5.9ghi 7.80f  12.19de  0.58b 1.26671  2.16001
ESW 9525 120 50mM 0970 0.84ef 9.52c  6.4ldefg  9.34c 17.05a 0.60b 1.460hi  2.820k
ESW 9525 120 100mM 1.241 0.70g 12.09a 7.84c 9.77b  14.82bc 0.52¢ 1.3100k1 2.1601
LSD value 0.0411 0.1171 0.0403 0.1171 0.4161  0.888 0.0363 0.0814 0.3607

S.E. 0.0198 0.0576 0.0198  0.0576  0.2048  0.4373 0.0179 0.0401 0.1775

Foliar applied proline has significant influence on
total phenolics in wheat genotypes under salinity.
Maximum phenolics contents were observed in Khirman
plants exposed to 100 mM proline followed by untreated
plants at high level of salinity (120 mM NaCl). Similarly,
ESW-9525 subjected to 100 mM proline showed
maximum TPC under high salinity (120 mM NaCl)
followed by 50 mM proline treatment at moderate saline
stress (60 mM NaCl). However minimum TPC was
observed in Khirman plants without proline spray under
control and behaved like 50 mM proline.

Nevertheless, exogenously applied proline treatments
significantly (P < 0.05) enhanced endogenous proline and
glycine betaine contents in both genotypes under salinity
as compared with control (Table 1). Foliar applied proline
(100 mM) enhanced the endogenous level of proline in
Khirman followed by ESW-9525 treated with 100 and 50
mM proline at 120 mM salinity. Conversely least proline
contents were observed in untreated ESW-9525, followed
by 50 mM proline under control. Likewise, proline
application (50 and 100 mM) resulted in significant
enhancement in GB contents under salinity (Table 1).
Nonetheless maximum GB contents were observed in
ESW-9525 subjected to 50 mM proline at 120 mM NaCl
salinity followed by 100 mM proline in Khirman at same
level of stress. Minimum GB was observed in Khirman
without proline application followed by 50 mM proline
and statistically at par with same level of proline in ESW-
9525 under control.

Exogenously applied proline also affected the Na"
and K" concentration in leaves of both wheat genotypes
significantly (p<0.05) and also showed the considerable
interaction with salinity for both Na' and K’
concentration (Table 1). Minimum Na" and maximum K*
concentration and K'/Na" ratio was observed in leaves of
ESW-9525 followed by Khirman, applied with 50 mM
proline under control (without salinity). However, under
various levels of salinity 100 mM foliar proline was more
effective to improve K contents and K'/Na' ratio,
accompanied by reduced Na' uptake in both genotypes.

All the proline treatments resulted in better K'/Na" ratio
as compare to non-sprayed (control) in both genotypes
apart from ESW- 9525 plants subjected to 100 mM
proline at 120 mM level of salinity.

Discussion

The present study showed that NaCl stress reduced
growth. These inhibitory effects of NaCl stress on plant
growth and biomass production are well known (Ma et
al., 2013). The reason for low shoot and root length,
their fresh and dry masses may be due to increase in
osmotic potential by increasing salts, which leads to
dehydration, ionic imbalance in transpiring leaves that
caused reduction in meristem activity and cell
elongation, consequently inhibit the growth of wheat
plant (Zhu, 2001; Munns, 2005; Huang et al., 2006).
However, the results explored that exogenous proline
applications had significant impact on root and shoot
growth in wheat. This increase in growth by foliar
proline may be due to its role as osmoprotectant
(Yancey, 1994), membrane stabilizing (Bandurska,
2001), ROS scavenger (Matysik et al., 2002),
maintained turgidity in leaves (Huang et al., 2000) and
improved salt tolerance of wheat (Talat et al., 2013),
barley (Agami, 2013) and sunflower (Khan et al., 2014).

The reduced growth in plants subjected to NaCl
stress is often associated with a decrease in photosynthetic
pigments and this reduction in chlorophyll contents due to
NaCl stress revealed in wheat, maize and canola (Ali et
al., 2007, Raza et al., 2006). Foliar applied proline
significantly improved the chlorophyll contents of salt-
stressed wheat plants (Table 1), either through stimulating
its biosynthesis and/or inhibiting its degradation and
consequently augment the rate of CO, diffusion and
permitted higher photosynthetic rate (Ali et al., 2007;
Sharkey et al., 2007). Similar results were also reported
by Khan et al. (2010) in Brassica campestris, Abdelhamid
etal. (2010) in bean, Abd El-Samad et al. (2011) in maize
and Agami, (2013) in barely.
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Fig. 1. Influence of foliar applied proline on (a) shoot length and (b) root length + S.E. in two wheat genotypes under salinity.

Soluble sugars are main category of organic
compatible solutes increased by salinity and play critical
role in mitigating the effects of salinity either by osmotic
adjustment or by conferring some desiccation resistance
in plant cells (Hassanein et al., 2009). Exogenous proline
application might counteract the harmful effects of raised
salinity on carbohydrate metabolism, resulting in
improved entire plant growth (Nessim et al., 2008; Abd
El-Samad 2011). Similar results were also reported by
Agami, (2013) in barely seedlings which concurred with
our findings. These improvements in growth could be due
to the role of proline in minimizing the harmful effects of
salinity, by reducing Na" and accumulation of high K* in
wheat leaves (Table 1).

The leaf phenolics content increased in response
to NacCl stress and after the proline application (Table
1). The proline application caused higher
accumulation of phenolics (Hayat et al., 2013) which
are known for their antioxidant potential (Ashraf,
2010), possible mechanism of proline-induced salt
stress tolerance of present study. Lattanzio et al.,
(2009) reported that an application of 0.5 mM proline
to in vitro grown oregano seedlings elicit the
accumulation of phenolics compound in that plant.
Similarly, total phenolics concentrations significantly
increased in faba bean leaves under salinity stress
(Dawood et al., 2014).
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Fig. 2. Influence of foliar applied proline on (a) seedling fresh weight and (b) seedling dry weight + S.E. in two wheat genotypes under salinity.

It has been found that a salt stress up-regulated the
enzymes involved in proline biosynthesis (Munns, 2005).
The results of this investigation (Table 1) imply that
saline stress enhanced the accumulation of proline and
further improvement was noted by exogenous application
of proline in the leaves of both wheat genotypes. The
better proline accumulation may result from augmented
proteolysis or by reduced protein synthesis. Similarly
increased levels of Pro under salt stress were also reported
in two wheat cultivars (Khatkar & Kuhad, 2000). Shahid
et al. (2014) support present observation that level of free
proline contents elevated in response to NaCl stress which
is further augmented by foliar spray of proline in pea
plants. Likewise, exogenous application of proline to
Pancratium maritimum, caused significant increase in

endogenous level of proline in shoots of both stressed and
non-stressed plants (Khedr et al., 2003) which is also
coherent with current findings.

The wheat plants from both genotypes, exhibited a
significant rise in endogenous level of glycine betaine in
leaves, upon exposure to foliar proline and NaCl stress as
well (Table 1). Chen & Murata, (2008) reported that
plants known to accumulate GB naturally grow well
under saline environment also observed in our study.
However, some reports showed that exogenous proline in
Atriplex halimus had no effect on endogenous glycine
betaine content which might be the result of feedback
inhibition (Hassine et al., 2008). The present observation
is in accordance with Shahid et al. (2014) who reported
that foliar applications of proline or LP leaf extract
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showed a significant elevation in endogenous organic
osmolytes, including glycine betaine in plants grown
under salinity and/or NiCl, stress and consequently
caused an improvement in osmotic adjustment capacity.
This improved osmotic adjustment potential in terms of
enhanced level of organic osmolytes might be resulted in
better photosynthetic activity.

The salinity levels caused significant and gradual
increase in Na' content reduction in K* content and
K'/Na" ratio, compared with control plants (Table 1).
Similar outcomes have also been reported in different
plant species (Abdelhamid et al., 2010; Dogan, 2011).
While foliar application of proline significantly restricted
Na' uptake and improved the uptake of K and caused
K'/Na" ratio high in both wheat genotypes under control
and NaCl stress. These observations are coherent with
Nessim et al. (2008) in corn, Abd El-Samad et al. (2011)
in broad bean, Talat et al. (2013) in wheat and Dawood et
al. (2014) in faba bean plants.

Conclusions

It may be concluded that salt-induced adverse effects
on photosynthetic capacity in wheat can be alleviated by
the exogenous application of proline. Foliar applied 100
mM proline not only improved root and shoot length,
seedling fresh and dry weight but also significantly
enhanced the level of chlorophyll contents,
osmoprotectants, antioxidant phenolics and improved
osmotic adjustment. Moreover, protecting photosynthetic
machinery of wheat against salt induced oxidative stress by
proline might have contributed to better growth of both
wheat genotypes under salinity. However, genotype ESW-
9525 was comparatively better in osmotic adjustment and
accumulation of osmoprotectants than Khirman, which
could explain its ability to grow well under salinity than
Khirman. The present study suggests that exogenously
applied proline can improve seedling growth under salt
stress which explores its potential to mitigate adverse
effects of salinity.

References

Abd El-Samad, H.M., M.A.K. Shaddad and N. Barakat. 2011.
Improvement of plants salt tolerance by exogenous
application of amino acids. J. Med. Plants Res., 5: 5692-
5699.

Abdelhamid, M.T., M. Shokr and M.A. Bekheta. 2010. Growth,
root characteristics, and leaf nutrients accumulation of four
faba bean (Vicia faba L.) cultivars differing in their
broomrape tolerance and the soil properties in relation to
salinity. Communications in Soil Sci. Plant Anal., 41: 2713-
2728.

Agami, R.A. 2013. Applications of ascorbic acid or proline
increase resistance to salt stress in barley seedlings. Biol.
Plantarum.

Ali, Q., M. Ashraf and H.R Athar. 2007. Exogenously applied
proline at different growth stages enhances growth of two
maize cultivars grown under water deficit conditions. Pak.
J. Bot., 39: 1133-1144.

Anonymous. 2008. FAO Land and Plant Nutrition Management
Service. http://www.fao.org/ag/agl/agll/spush.

Ansari, R. and T.J. Flowers, 1986. Leaf to leaf distribution of
ions in some monocotyledonous plants grown under

WAJID MAHBOOB ET AL.,

saline conditions. In: Prospects for Biosaline Research
(Ed.): Ahmed and A. San Pietro. University of Karachi,
pp. 167-181.

Arnon, D.I. 1949. Copper enzymes in isolated chloroplasts
polyphenol oxidase in Beta vulgaris. Plant Physiol., 24: 1-
15.

Ashraf, M. 2010. Inducing drought tolerance in plants: some
recent advances. Biotechnology Advances, 28: 169-183.
Ashraf, M. and M.R. Foolad. 2007. Roles of glycin betaine and
proline in improving plant abiotic stress Spr. Pub. Neth.,

pp-: 11-30. tolerance. Environ. Exp. Bot., 59: 206-216.

Bandurska, H. 2001. Does proline accumulated in the leaves of
water deficit stressed barley plan ts confine cell membrane
injuries? II. Proline accumulation during hardening and its
involvement in reducing membrane injuries in leaves
subjected to severe osmotic stress. Acta. Physiol. Plant.,
23: 483-490.

Bates, L.S., R.P. Waldren and I.D. Teare. 1973. Rapid
determination of free proline for water stress studies. Plant
and Soil, 39: 205-207.

Chen, T.H.H. and N. Murata. 2008. Glycine betaine: an effective
protectant against abiotic stress in plants. Trend Plant Sci.,
13: 499-505.

Claussen, W. 2005. Proline as a measure of stress in tomato
plants. Plant Sci., 168: 241-248.

Dawood, M.G., H.A.A. Taieb, R.M.A. Nassarc, M.T.
Abdelhamida and U. Schmidhalter. 2014. The changes
induced in the physiological, biochemical and anatomical
characteristics of Vicia faba by the exogenous application
of proline under seawater stress. S. Afr. J. Bot., 93: 54-63.

Dogan, M. 2011. Antioxidative and proline potentials as a
protective mechanism in soybean plants under salinity
stress. Afr. J. Biotechnol., 10: 5972-5978.

Grieve, C.M. and S.R. Gratan. 1983. Rapid assay for
determination of water soluble. Quaternary ammonium
compounds. Plant & Soil, 70: 303-307.

Hasegawa, P.M., R.A. Bressan, J.K. Zhu and H.J. Bohnert.
2000. Plant cellular and molecular responses to high
salinity. Ann. Rev. P. Physiol. P. Mol. Biol., 51: 463-499.

Hassanein, R.A., F.M. Bassiouny, D.M. Barakat and R.R.
Khalil. 2009. Physiological effects of nicotinamide and
ascorbic acid on Zea mays plant grown under salinity
stress. 1-changes in growth, some relevant metabolic
activities and oxidative defense systems. Res. J. Agric.
Biol. Sci., 5: 72-81.

Hassine, A.B., M.E. Ghanem, S. Bouzid and S. Lutts. 2008. An
inland and a coastal population of the Mediterranean xero-
halophyte species Atriplex halimus L. differ in their ability
to accumulate proline and glycinebetaine in response to
salinity and water stress. J. Exp. Bot., 59: 1315-1326.

Hayat, S., Q. Hayat, M.N. Alyemeni and A. Ahmad. 2013.
Proline  enhances antioxidative enzyme  activity,
photosynthesis and yield of Cicer arietinum L. exposed to
cadmium stress. Acta. Bot. Croat, 72: 10-22.

Hu, Y.C. and U. Schmidhalter. 2005. Drought and salinity: a
comparison of their effects on mineral nutrition of plants. J.
Plant Nutr. Soil Sci., 168: 541-549.

Huang J.H., R. Adam, L. Rozwadowski, K.L. Hammer lindl,
JK. Keller and W.A.G. Selvaraj. 2000. Genetic
engineering of glycinebetaine production toward enhancing
stress tolerance in plants: metabolic limitations. Plant
Physiol., 122: 747-756.

Huang Y., G.P. Zhang, F.B. Wu, J. Chen and Y. Xiao. 2006.
Interaction of salinity and cadmium stresses on antioxidant
enzymes, sodium, and cadmium accumulation in four
barley genotypes. J. Plant Nutr., 29: 2215-2225.

Khan, A., 1. Igbal, A. Shah, A. Ahmad and M. Ibrahim. 2010.
Alleviation of adverse effects of salt stress in brassica



INDUCED SALT TOLERANCE IN WHEAT THROUGH FOLIAR APPLIED PROLINE 867

(Brassica campestris) by pre-sowing seed treatment with
ascorbic acid. J. Agr. Environ. Sci., 7: 557-560.

Khan, Ameer,K ., I. Igbal, I. Ahmad, H. Nawaz and M. Nawaz.
2014. Role of proline to induce salinity tolerance in sunflower
(Helianthus annus L.). Sci. Tech. & Dev., 33: 88-93.

Khatkar, D. and M.S. Kuhad. 2000. Short-term salinity induced
changes in two wheat cultivars at different growth stages.
Biol. Plant, 43: 629-632.

Khedr, A.H.A., M.A. Abbas, A.A.A. Wahid, W.P. Quick and
G.M. Abogadallah. 2003. Proline induces the expression of
salt-stress-responsive proteins and may improve the
adaptation of Pancratium maritimum L. to salt-stress. J.
Exp. Bot., 54: 2553-2562.

Khosravinejad, H.F.R. and T. Farboondia. 2008. Effect of
salinity on photosynthetic pigments, respiration and water
content in barley varieties. Pak. J. Biol. Sci., 11: 2438-
2442,

Lattanzio, V., A. Cardinali and C. Ruta. 2009. Relationship of
secondary metabolism to growth in oregano (Origanum
vulgare L.) shoots cultures under nutritional stress.
Environ. Exp. Bot., 65: 54-62.

Ma, L.J., CM. Yu, X.M. Li, Y.Y. Li, L.L. Wang, C.Y. Ma, S.Y.
Tao and N. Bu. 2013. Pretreatment with NaCl induces
tolerance of rice seedlings to subsequent Cd or Cd + NaCl
stresses. Biol. Plant., 57: 567-570.

Matysik, J., B. Aliab and P. Mohanty. 2002. Molecular
mechanism of quenching of reactive oxygen species by
proline under stress in plants. Curr. Sci., 82: 525-532.

Munns R. 2005. Genes and salt tolerance: bringing them
together. New Phytol., 167: 645-63.

Munns, R. and M. Tester. 2008. Mechanisms of salinity
tolerance. Ann. Rev. plant Biol., 59: 651-681.

Musyimi D.M., G.W. Netondo and G. Ouma. 2007. Effects of
salinity on growth and photosynthesis of avocado seedling.
Int. J. Bot., 3: 78-84.

Nessim, M.G., M.A. Hussein and A.A. Moussa. 2008. The
effects of irrigation water salinity, potassium nitrate
fertilization, proline spraying and leaching fraction on the
growth and chemical composition of corn grown in
calcareous soil. International Meeting on Soil Fertility
Land Management and Agroclimatology, Turkey, 783-803.

Rahman, S.M.D., H. Miyake and Y. Takeoka. 2002. Effects of
exogenous glycinebetaine on growth and ultrastructure of
salt stressed rice seedlings (Oryza sativa L.). Plant Prod.
Sci., 5: 33-44.

Raza, S.H., HR. Athar and M. Ashraf. 2006. Influence of
exogenously applied glycine betaine on the photosynthetic
capacity of two differently adapted wheat cultivars under
salt stress. Pak. J. Bot., 38: 341-352.

Riazi, A., K. Matsuda and A. Arsalan. 1985. Water stress
induced changes in concentrations of proline and other
solutes in growing regions of young barley leaves. J. EXp.
Bot., 36: 1716-1725.

Saboora, A. and K. Kiarostami. 2006. Salinity tolerance of
wheat genotype at germination and early seedling growth.
Pak. J. Biol. Sci., 9: 2009-2021.

Serraj, R., and T.R. Sinclair. 2002. Osmolyte accumulation: can
it really help increase crop yield under drought conditions?
Plant Cell Environ., 25: 333-341.

Shahbaz, M., M. Ashraf, A.A. Nudrat, A. Hanif, S. Hameed, S.
Joham and R. Rehman. 2011. Salt-induced modulation in
growth, photosynthetic capacity, proline content and ion
accumulation in sunflower (Helianthus annuus L.). Acta
Physiol. Plant., 33: 1113-1122.

Shahid, M.A., R. M. Balal, M. A. Pervez, T. Abbas, M.A.
Ageel, M.M. Javaid and F.G. Sanchez. 2014. Exogenous
proline and proline enriched Lolium perenne leaf extract
protects against phytotoxic effects of nickel and salinity in
Pisum sativum by altering polyamine metabolism in leaves.
Turk. J. Bot., 38: 914-926.

Sharkey, T.D., J.B. Carl, D.F. Graham and E.L. Singsaas. 2007.
Fitting photosynthetic carbon dioxide response curves for
C3 leaves. Plant Cell Environ., 30: 1035-1040.

Steel, R.G.D., J.H. Torrie and D.A. Dickey. 1997. Principles
and Procedures of Statistics: A Biometrical Approach, 3™
edition. McGraw Hill Book Inc. Co., New York.

Talat, A., K. Nawaz, K. Hussian, K.H. Bhatti, E.H. Siddiqi, A.
Khalid, S. Anwer and M.U. Sharif. 2013. Foliar
Application of Proline for Salt Tolerance of Two Wheat
(Triticum aestivum L.) cultivars. World Appl. Sci. J., 22:
547-554.

Wang Z.Q., Y.Z. Yuan, J.Q. Ou, Q.H. Lin and C.F. Zhang.
2007. Glutamine synthetase and glutamate dehydrogenase
contribute differentially to proline accumulation in leaves
of wheat (Triticum aestivum) seedlings exposed to different
salinity. J. Plant Physiol., 164: 695-701.

Waterhouse, A.L. 2001. Determinati on of Total Phenolics, pp:
1-8. In: Current Protocols in Food Analytical Chemistry.
Wiley, Wrolstad.

Yancey, P.H. 1994. Compatible and counteracting solutes In:
Cellular and Molecular Physiology of Cell Volume
Regulation. (Ed.): K. Strange. Boca Raton, FL: CRC Press,
1994:81-109.

Yancey, P.H., M.E. Clark, S.C. Hand, R.D. Bowlus and G.N.
Somero. 1982. Living with water stress: Evolution of
osmolytes systems. Scie., 217: 1212-1222.

Zhu, J.K. 2001. Plant salt tolerance. Trends Plant Sci., 2: 66-71.

(Received for publication 14 May 2015)



