
This is a  refereed journal and all articles are professionally screened and reviewed                       ORIGINAL ARTICLE

Advances in Environmental Biology, 5(4): 617-623, 2011
ISSN 1995-0756

617

Impacts of NaCl Stress on Proline, Soluble Sugars, Photosynthetic Pigments and
Chlorophyll Florescence of Strawberry

1Asghar Rahimi and 2Ali Biglarifard

1Department of Agronomy and Plant Breeding, Agriculture College, Vali-E-Asr University, Rafsanjan, Iran.
2Department of Agricultural Extension and Education, College of Agriculture, University of Tehran, Karaj,
Iran. 

Asghar Rahimi and Ali Biglarifard: Impacts of NaCl Stress on Proline, Soluble Sugars, Photosynthetic
Pigments and Chlorophyll Florescence of Strawberry

ABSTRACT

Strawberry (Fragaria x ananassa Duch.) plants cv. Camarosa were treated with four salinities levels on
proline, soluble sugars content, chlorophyll a (CHLa), chlorophyll b (CHLb), total chlorophyll (TC), Spad and
chlorophyll florescence. A greenhouse experiment was conducted in completely randomized design (CRD) with
three replications. Fresh leaves tissue were used to measure proline, soluble protein and soluble sugars content,
CHLa, CHLb, TC. Salinity treatment significantly increased proline content, soluble sugars while chlorophyll
a (CHLa), chlorophyll b (CHLb), Spad and chlorophyll florescence significantly decreased. Nine day after NaCl
exposure, Fv/Fm and Spad in 60 and 90 mM NaCl were significantly lower than control. It was concluded
that this cultivar of strawberry may uses osmoregulation by increasing proline and soluble sugars level in order
to tolerate salinity conditions.
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Introduction

High concentration of salt resulting from natural
processes or missmanagment in irrigated agriculture
result in inhibition of plant growth and yield. Coping
with salt stress is a global issue especially in many
arid or semi-arid regions to ensure agriculture
survival and sustainable food production. Plants
facing adverse situation such as high salt
concentrations lower their osmotic potential by
accumulating osmolytes that do not perturb enzyme
function so as to maintain continuous water
absorption at the low soil water potential [28].
Accumulation of these compatible solute
(osmoprotectant) such as proline, glycinebetaine and
soluble sugar, allow turgor maintenance and/or
stabilization of proteins and membranes against
destabilization effects of abiotic stresses including

salinity, drought and temperature extremes, all of
which cause cellular water depletion. Proline and
soluble sugar accumulation in plant cell under salt or
drought stress is a widespread response. These
osmoprotectants compounds play a major role in
osmoregulation and osmotolerance [27,13]. However,
its definite role in exerting resistance to salinity
stress continues to be debate. Proline has been shown
to provide tolerance to environmental stress via
preserving osmotic balance and stabilizing the
quaternary structures of complex proteins, membranes
and many functional units like oxygen evolving PS-II
complex [27]. Photosynthetic pigments are important
to plants mainly for harvesting light and production
of reducing powers. Both the chlorophyll a (CHLa)
and b (CHLb) are prone to soil salinity damages.
Drought and salinity stress produced changes in the
ratio of CHLa and CHLb and carotenoids [17].
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Strawberry is considered as a NaCl salinity sensitive
species, but differences between cvs. Exist [22,21].
Negative influences of NaCl salinity on strawberry
plant growth and fruit productivity have been
reported by [22,9], Awang and Atherton [1,2] and
Awang et al. [3]. The salt stress results in the
development of leaf necroses and accelerated leaf
senescence, thus reducing photosynthetic capability of
the plants. In consequence, assimilation of
carbohydrates available for fruit production is
reduced [29,22,14]. Little information on the
osmoregulation and chlorophyle content of strawberry
plants in different NaCl salinity has yet been
published and there is little information about
strawberry physiological interaction in salinity stress
[22,34,3]. The present study aimed to investigate the
influence of NaCl salinity on proline, soluble sugars
content, chlorophyll a (CHLa), chlorophyll b (CHLb),
total chlorophyll (TC), Spad and chlorophyll
florescence in the plant organs of strawberry cv.
Camarosa.

Materials and methods

Plant material and growth conditions:

Experiments were conducted from the end of
October to the mid of June during 2009 and 2010 in
Rafsanjan, Iran, with strawberry (Fragaria ananassa
cv Camarosa). Cold stored strawberry each had a
well developed crown with 8-10 mm diameter were
established at the mid of November to the mid of
June during 2009 and 2010 in 15 L black plastic
bags containing 70% Coco chip+30% Perlit and fixed
under an open hydroponics system. Day/light
temperature ranged between 23-28/14-18 NC. The
bags were watered two or three times a day
depending on greenhouse temperature by mineral
nutrients with 200mL of modified Hoagland solution
(Table 1)  per plant with a complete nutrient solution
and pH of solution adjusted in 6.5 using nitric and
sulfuric acids. Three weeks after planting, NaCl
treatments were initiated with 200mL of the solutions
containing 0, 30, 60 or 90mM  NaCl L!1 (equal 1.7,
3.5, 5 and 7.4 dS.m-1 ) seven times a week to each
plant. The EC and pH of drainage water from plastic
bags were checked every week in the drainage water
and an additional 200mL of dematerialized water was
applied to minimize EC and pH changes in the root
zone. Four salinity levels were used in four
replications arranged in a completely randomized
design with 3 replicates per treatment and 12 plants
per unit of the experiment. The positions of the
plastic bags were changed once to twice per week to
minimize the effects of light and temperature
gradients within the greenhouse, and border effects.
Surpluses of solutions were allowed to pass the
containers to ensure NaCl stress in the root medium

at a given concentration, but to avoid anoxia by
water logging. Varying osmotic potentials in the root
medium temporarily may facilitate water uptake and,
hence, strengthen the effect of NaCl stress while
reducing those of water stress, thus allowing focusing
onto the salt-specific impacts.

Extraction of pigments:

The extraction of chlorophylls was carried out
according to Gross [15]. At the middle of fruiting
stages, the fresh tissue of young and expanded leaves
collected then after freeze at -80ºC, the leaves (0.25
g) were homogenized with 80% acetone. CHLa,
CHLb and TC were measured. 

Estimation of chlorophyll content:

The optical density (O.D.) of the extracted
chlorophyll was measured at 645 and 663 nm by
using spectrophotometer PD-303. TC, CHLa and
CHLb were calculated by the following formulae
[15]. 

CHLa = (0.0127× OD663) – (0.00269× OD 645)   
CHLb = (0.0229× OD645) – (0.00468× OD663)
TC = (0.0202× OD645) + (0.00802× OD663)

The chlorophyll contents were also measured
with a non-destructive field chlorophyllmeter SPAD
502 (Minolta, Japan). 

Chlorophyll fluorescence measurements;

Chlorophyll fluorescence was measured in vivo
with a plant efficiency analyser (PEA) (Hansatech,
UK). Maximum photochemical efficiencies were
estimated by measuring Fv/Fm ratios on intact leaves
within the growth cabinet. The plants were dark-
acclimated for 30 minute before measurements were
taken in order to allow complete oxidation of the
PSII reaction centers. 

Protein Extraction:

The leaves were harvested at the middle of
fruiting stages, frozen in liquid nitrogen and then
stored at -80° C. The frozen leaves were ground to
a fine powder in liquid nitrogen and total protein
extracted with ice-cold 0.1 M Tris - HCl buffer (pH
7.5) containing 5% (w/v) PVP (4:1 buffer
volume/fresh weight). The homogenate was
centrifuged at 13000 g for 15 min, at 4° C, and the
supernatant was used for determining protein
concentration. Furthermore, the leaves were ground
to a fine powder and 100 mg of powder was used
for protein extraction. 1 ml extraction buffer was
added to each micro tube containing 100 mg powder
and centrifuged at 13000 g for 10 min at 4° C. 
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Protein Measurement:

The concentration of protein was measured by
the Bradford method [7]. BSA was used as a
standard. The protein content was estimated by the
method of Bates et al. [5]. The plant material was
homogenized in 3% aqueous sulfosalicylic acid and
the homogenate was centrifuged at 10,000 rpm. The
supernatant was used for the estimation of the protein
content. The reaction mixture consisted of 2 ml of
acid ninhydrin and 2 ml of glacial acetic acid, which
was boiled at 100 NC for 1 h. After termination of
reaction in ice bath, the reaction mixture was
extracted with 4 ml of toluene, and absorbance was
read at 520 nm.

Determination of proline content:

To determine the proline content, 0.5 g of dry
leaves was homogenized with 5 ml of 95% ethanol.
Above phase of filtrate separated and its sediments
were washed by 5 ml of 70% ethanol for two times
and its above phase added to previous over
compartment. The mixture was centrifuged at 3500
g for 10 min at 4ºC and the supernatant was
recovered and alcoholic extract placed in refrigerator
at 4ºC until measurements of proline and soluble
sugars content [36]. One ml of alcoholic extract was
diluted with 10 ml of distilled water and 5 ml of
ninhydrin (0.125 g ninhydrin, 2 ml of 6 mM
NH3PO4, 3 ml of glacial acetic acid) added to it, then
5 ml of glacial acetic acid added and mixture placed
in boiling water bath for 45 min at 100ºC. The
reaction was stopped by placing the test tubes in cold
water. The samples were rigorously mixed with 10
ml benzene. The light absorption of benzene phase
was estimated at 515 nm using PD-303 model
spectrophotometer. The proline concentration was
determined using a standard curve. Free proline
content was expressed as µmol g-1 DW of leaves [5].

Determination of soluble sugars content:

To measuring the content of soluble sugars, 0.5
g of dry leaves homogenized with 5 ml of 95%
ethanol. One-tenth ml of preserved alcoholic extract
in refrigerator mixed with 3 ml anthrone (150 mg
anthrone, 100 ml of 72% sulphuric acid, W/W). The
samples placed in boiling water bath for 10 minutes.
After samples to be cooled, the light absorption of
samples was estimated at 625 nm using PD- 303
model spectrophotometer. Contents of soluble sugar
were determined by using glucose standard and
expressed as mg g-1 DW of leaves.

Statistical analysis:

All data obtained was subjected to one-way

analysis of variance (ANOVA) except for Fv/Fm and
Spad results, which were analyzed with multivariate
tests of two-way analysis of variance. Analysis of
variance and Duncan’s multiple range tests were
performed using the statistical package for social
sciences (SPSS) for Windows (version 15.0). in all
figures, the spread of values is shown as error bars
representing standard error of the means.

Results and disccussion

As indicated by variance analysis, used salinity
stress showed significant effects on proline content,
soluble sugars, chlorophyll a (CHLa) and chlorophyll
b (CHLb) (P<0.01) while there were no considerable
alteration in total chlorophyll content in different
salinity stress (Table 2). Interaction effects between
the salinity treatments and duration of NaCl exposure
were also significantly affected Fv/Fm and Spad
(Table 3). 

Proline content:

Free proline content in leaves of Strawberry Cv.
Camarosa showed an increase by increasing salinity
but no significant change was found in 30 mM NaCl
compare with control (Table 4). Salt stress caused a
4-fold and a 5-fold increase in free proline content of
this cultivar in 60 and 90 mM NaCl, respectively
(Table 4). The maximum proline content (35±1.9
µmol g-1 fresh weight) obtained in the highest salinity
level (90 mM NaCl ) (Table 4). 

Soluble sugars:

Soluble sugars content in leaves significantly
affected by salinity (Table 2). Results showed that
the highest content of soluble sugars (9.6±0.36 mg g-

1 DW) was found in leaves under highest NaCl
salinity (P< 0.01) while there were no significant
change among other treatment with control (Table 4). 

Protein Content:

Total protein content showed an increase in
leaves of this cultivar at 30 and 60 mM NaCl while
protein content significantly decreased in 90 mM
NaCl as there was no significant change compared
with control (Table 4). Salinity stress generally
promotes the senescence of leaves. NaCl-induced
decrease in protein and chlorophyll concentration and
thus, enhanced senescence has been reported before
(Kura-Hotta et al., 1987; Belkhodja, et al., 1999).
Result indicated that NaCl-induced over 60 mM
NaCl. L-1 may accelerate the ageing process in
strawberry cv. Camarosa.    

Chlorophyll content:
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Table 1: Composition of modified Hoagland solution (pH 6.5) for soilless culture of plant
mg.l-1 mg.l-1

Ca 150 CuSO4, 5H2O 0.07
Mg 50 N 180
K 270 Po4 65
Fe 5 So4 67
MnSo4, 4 H2o 1 (NH4)6MoO24, 6H2O 0.06
ZnSo4, 7H2o 0.2 B 0.08

Table 2: Variance analysis for proline, Chlorophyll a(CHLa) , Chlorophyll b (CHLb) total chlorophyll (TC), soluble sugars content and 
Protein as effected by different salinity and substrates

Source of variation df Proline CHLa CHLb Total chlorophyll Soluble sugars Protein Source of variation df
Mean square values

Salinity (S) 3 1414** 0.3** 0.12** 0.13 50** 0.65** Salinity (S)
**, Significant at P<0.01

Table.3: Variance analysis for proline, Chlorophyll a(CHLa) , Chlorophyll b (CHLb) total chlorophyll (TC), soluble sugars c ontent and 
Protein as effected by different salinity and substratesIndipendent variation

Spad Fv/Fm
Salinity (S) 234.5** 7.6*
Day 36.3 * 5.4**
Salinity*Day 14.5* 3.93ns

**, Significant at P<0.01

Table 4: Proline, Chlorophyll a(CHLa) , Chlorophyll b (CHLb) total chlorophyll (TC), soluble sugars content and  Protein of strawberry
cv. Camarosa as affected by NaCl salinity and different substrate (M).

Salinity Proline µmol/g FWSalinity CHLa mg/g FW-1 CHLb mg/g FW-1 TC mg/g FW-1 Soluble sugars mg.g-1dw Protein
0 7.7±0.28 0.95±0.07 0.39±0.02 1.34±0.24 6.2±0.44 1.6±0.28
30 7.8±1.1 0.96±0.06 0.46±0.02 1.5±0.25 5.4±0.34 2±0.16
60 28±2.2 0.81±0.06 0.29±0.03 1.4±0.18 5.5±0.45 1.9±0.1
90 35±1.9 0.61±0.04 0.23±0.0.04 1.28±0.33 9.6±0.36 1.6±0.12
All data indicated Mean ± SE (n=12)

Content of CHL-a, CHL-b, and TC leaves of
strawberry plant are shown in table 3. All pigment
contents were noticeably higher in control and it was
decreased by increasing salinity. Similar results have
been shown by Chartzoulakis and Klapaki [8] for
bell pepper and Adams [4] for tomato. The adverse
effect of high salinity on chlorophyll concentration
has previously been shown for rice [35] and for
barley [6].

Effect of Salinity on Spad Index:

Spad index significantly affected by salinity and
time of NaCl exposure (Table 3). Results showed
that the highest content of Spad (52) was found in
control which have no significant change until sixth
day after NaCl exposure with control (P< 0.01) (Fig
2). Result also showed that Spad index was
significantly decreased in all NaCl-induced treatment
in whole period of measurement. A significant, but
not dramatic decline of about 10% occurred for
plants irrigated with 30 mM NaCl in the nutrient
solution in 12th day after NaCl exposure. This
decline was increased by a more than 60 percent in
12 and 15th days after NaCl exposure in 60 and 90
mM NaCl concentration (Fig 2).

Effect of Salinity on Chlorophyll Fluorescence:

Up to an external NaCl concentration of 30 mM,
quantum yield, as indicated by Fv/Fm, was in the

range of 0.7 to 0.79 for this cultivar (Fig. 2). A
significant, but not dramatic decline of about 14%
occurred for plants irrigated with 30 mM NaCl in the
nutrient solution in sixth day after NaCl exposure.
This decline was increased by a more than 60
percent in 12 and 15th days after NaCl exposure in
90 mM NaCl concentration. The FV/FM ratio of
control group on third day of salt treatment showed
no significant difference from salinity group and
control but it was higher in control. FV/FM ratios of
NaCl-treated groups (60 and 90 mM NaCl) were
significantly lower than those of control after day
12th of salinity. Generally, In comparison to the first
day, a stronger decrease was found in FV/FM ratio
of NaCl applied group on the 12th day. All groups
of NaCl treatments showed no significant difference
in their FV/FM ratios on the third and sixth day of
salinity. On the 12 and 15th day of salt treatment,
FV/FM ratio of 90 mM NaCl group was significantly
lower than other salinity group and control.  FV/FM
ratio of control and 30 mM NaCl group remains in
the lowest levels (0.73 and 0.67, respectively) (Fig
2).

Disccussion:

As discussed by Belkhodja et al (1999), salinity
could affect chlorophyll concentration of leaves
through inhibition of synthesis of chlorophyll or an
acceleration of its degradation. Impairment of the
carboxylation capacity, which in turn with those
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reported by Sharma and Dietz [31]. There are some
reports in the literature suggesting that salt-stress may
not cause changes in FV/FM ratio [25] and that
chlorophyll fluorescence might not be a reliable
index to identify salt tolerance [10]. However, during
12-day exposure to salinity, even though some
fluctuations occurred, photochemical efficiency of PS-
II (FV/FM: variable fluorescence/maximal
fluorescence) decreased in this cultivar of strawberry
with NaCl exposure from day 1 (Fig. 2). On the
other hand, PS-II efficiency in 30 mM NaCl
generally seemed to be unaffected in NaCl Exposure.
These results also showed parallel trend with
chlorophyll a and b and spad index, which decreased
under salinity and with the photosynthetic pigment
contents, which showed significant decrease under
salt-stress (Table 3). A reduced quantum yield as
obtained in our experiments (Fig. 2) may result from
a structural impact on PS II [12,25,11]. Salinity has
been concluded to affect reaction centers of PSII
either directly [26] or via an accelerated senescence
[1821]. In fact, chlorophyll fluorescence is related to
only Chl-a, but in our study, the decrease in FV/FM

ratios throughout the experiment coincided with a
decrease in Chl-b content under salt-stress conditions.
Likewise, Lutts et al. [25] observed a parallel trend
between the decreases in FV/FM ratios and Chl-b
concentration in leaves of rice seedlings under NaCl.
As Chl-b is mainly associated with PS-II antenna, a
decrease in Chl-b concentration might lead to
structural/conformational changes in the PS-II
antennae as suggested by Kocheva et al. (2004).
Salinity stress generally promotes the senescence of
leaves. NaCl-induced decrease in protein and
chlorophyll concentrations and thus, enhanced
senescence has been reported before [24]. As judged
by decreased pigment (Chl-b and carotenoids) and
protein contents (Fig. 2), and declined FV/FM ratios
under salinity, we can say that salt-stress accelerated
the ageing process in this cultivar. Treatment resulted
in significant increases in protein content decreased
due to salinity and FV/FM ratios of strawberry under
salt-stress, suggesting prevention of salinity-induced
rapid senescence and protection of photosynthetic
apparatus in leaves of the sensitive cultivar from salt-
stress.

Fig. 1: Spad index of Strawberry plants cv. Camarosa  plants in control (striped histogram) and salinity stress
treatments throughout the experimental period. Vertical bars indicate mean ± SE (n=6).

Fig. 2: Chlorophyll fluorescence: ratio Fv:Fm of Strawberry plants cv. Camarosa  plants in control (striped
histogram) and salinity stress treatments throughout the experimental period. Vertical bars indicate
mean ± SE (n=6).
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In general, proline content of leaves increased
with the increase in salinity level in most plant [19].
This may be due to the osmoregulation in different
salinity levels. The results suggest that the production
of these osmotic adjustments is probably a common
response of plants salinity conditions. The role of
proline in adaptation and survival of plants had been
observed by Watanabe et al [36] and Saruhan et al
[31]. Osmotic adjustment through the accumulation
of cellular solutes, such as proline, has been
suggested as one of the possible means for
overcoming osmotic stress caused by the loss of
water and salinity [4,3]. Proline is a non-protein
amino acid that forms in most tissues subjected to
some abiotic stress and together with sugar; it is
readily metabolized upon recovery from stress [33].
In addition to acting as an osmoprotectant, proline
also serves as a sink for energy to regulate redox
potentials, as a hydroxyl radical scavenger [31], as a
solute that protects macromolecules against
denaturation and as a means of reducing acidity in
the cell [23]. The accumulation of soluble sugars in
response to salinity is quite well documented [20,36].
Soluble sugars may function as a typical
osmoprotectant, stabilizing cellular membranes and
maintaining turgor pressure. Enhanced soluble protein
concentration induced by NaCl was also reported in
tobacco. However, Sibole et al. [32] reported that
salt stress could decrease or increase soluble protein
content in legumes, and their response to salt stress
was related to the tolerance of different species to
salt stress. As far as these findings are considered,
Proline and soluble sugar in strawberry cv. Camarosa
seems to play a specific role in dealing with the salt-
stress induced senescence in leaves.
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