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How glycine betaine induces tolerance of cucumber plants to salinity stress?
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Abstract

The mechanism of osmoprotectant action on photosynthesis process is still not well known, especially under salt stress. 
The objective of this study was to evaluate and explain the effect of glycine betaine (GB) on photosynthetic efficiency and 
other physiological parameters of cucumber plants grown under salinity stress. Our results indicated that salinity decreased 
chlorophyll and carotenoids content, Ca2+ and K+ concentrations, and quantum yield parameters, such as probability that a 
trapped exciton moves an electron in to the electron transport chain beyond QA, quantum yield of electron transport from 
QA to QB in PSII, quantum yield of reduction of end electron acceptors in PSI, performance index for the photochemical 
activity, total performance index for the photochemical activity, trapping per reaction centers, and other parameters related 
to primary photochemical reactions of PSII. However, the exogenously applied GB increased most of tested parameters 
including the total soluble carbohydrate, proline and GB content, and Ca2+ and K+ concentrations, under salt stress. We 
suggest that GB can play an essential role as regulator to improve photosynthetic efficiency and thus yield of cucumber 
plants under salt stress conditions. At the level of photosynthesis process, the application of exogenous GB indirectly 
enhanced the performance of the photosynthetic machinery of cucumber plant due to the reduction of the dissipated light 
energy, as heat, and the increase of primary reactions of photosynthesis efficiency.
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end electron acceptors in PSI; Ψ0 – probability that a trapped exciton moves an electron in to the electron transport chain beyond QA.

Introduction

Salinity is a well-documented problem affecting agricultural 
production worldwide, in particular in arid and semiarid 
conditions. Plant responses to salinity stress are complex 
and depend on time and duration of salt stress application 
and stage of plant growth (Cramer et al. 2001, Estaji et 
al. 2018). Salinity stress is not only attributed to stomata 
closure and reduced transpiration, but also to a decrease 
in the water potential of plant tissues and reduction in 
ion uptake, especially K+ and Ca2+. It was also found that 
glycine betaine (GB) content and maximum quantum 
yield parameters were directly reduced under salinity stress 
(Cha‐um et al. 2006). Consequently, due to these 
physiological changes, some morphological changes, 
such as decrease in leaf number and total leaf area, were 

observed (Vassileva et al. 2012, Estaji et al. 2018). 
Photosynthesis is one of the most important processes 

that is affected in plants under saline conditions. This is due 
to salinity influence on photosynthetic enzymes activity, 
reduction of PSII and PSI activities, and chlorophylls (Chl) 
and carotenoids (Car) contents (Stepien and Klobus 2006). 
The former is highly susceptible to stress, and its activity 
is significantly impaired or even partially stopped under 
stress conditions (Brestič and Živčák 2013). In addition, 
changes in thylakoid membranes under stress conditions 
cause photosynthesis deterioration (Sharkey and Zhang 
2010). Salt stress may also lead to a damage of D1 and 
D2 units in the reaction centers (De Las Rivas and Barber 
1997). 

Recently, in addition to the costly biochemical analysis, 
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the analyses of Chl fluorescence signals have been used 
as a quick, reliable, powerful, and simple tool to provide 
information about the status of PSII and for assessment 
of photosynthetic electron transport (Kalaji et al. 2014, 
Osório et al. 2014, Stirbet et al. 2018). Chl fluorescence, 
produced by the Chl molecule after excitation by light, is 
a nondestructive biomarker for the assessment of stress 
effects on PSII (Strasser et al. 2000). In this method, a 
photosynthetic sample (spot of leaf), is adapted in darkness 
(e.g., for 15 min) ) and then illuminated with high intensity 
light pulse. A rapid rise in Chl fluorescence value may be 
observed (labelled as O, K, J, I and P letters). The lowest 
value of Chl fluorescence (the minimal fluorescence – F0), 
the fluorescence value at 2 ms (FJ), the fluorescence value 
at about 20–30 ms (FI),  and  a peak of fluorescence (FP) 
or the maximal fluorescence (Fm), which is subsequently 
followed by a slow decline in fluorescence intensity to a 
steady-state level of fluorescence, can also be detected. 
This induction is called Chl a fluorescence induction or 
Kautsky induction curve (Kautsky and Hirsch 1931, 
Strasser et al. 2004). The shape of the O-J-I-P curve may 
be changed during stress conditions (Xia et al. 2004). The 
JIP-test is highly used for the response of plant species to 
stress conditions (Percival and Henderson 2003, Kalaji et 
al. 2011, Roosta et al. 2018, Stirbet et al. 2018). Salinity 
and drought decreased maximal variable fluorescence (Fv) 
and maximal quantum yield of PSII photochemistry (Fv/Fm) 
and increased maximal fluorescence of the dark-adapted 
state (Fm) and minimal fluorescence yield of the dark-
adapted state (F0) (Zhao et al. 2007). The works of Razavi 
et al. (2008) (strawberry), Hussain and Reigosa (2011), and 
Petridis et al. (2012) (olive) showed that Chl fluorescence 
signals increased with increasing stress level.

It is already known that exogenous application of some 
organic solutions, such as GB and proline, improves plant 
tolerance to stress conditions. These compounds of low 
molecular mass and high solubility are synthesized under 
stress conditions (Serraj and Sinclair 2002). GB is one 
of the most abundant ammonium compounds which is 
synthesized in chloroplasts in response to stress (Yang et al. 
2003). It also plays a key role in protection of thylakoid 
membranes, maintaining of photosynthetic enzyme 
activity and photosynthesis (Genard et al. 1991). It has 
been also proved that the application of GB helps plants   
keep osmotic balance, stabilize photosynthetic pigments, 
and protect the plant cells against the disorders caused 
by salt stress (Gadallah 1999). Denaxa et al. (2012) have 
shown that exogenous GB application enhanced the Chl a, 
b, and total Chl content in olive trees under drought stress. 
In addition, it has been observed that plants treated with 
GB showed better growth and lesser Na+ accumulation 
under salt stress (Lutts 2000). 

The objective of our study was to analyze the effect of 
GB application on functioning of photosynthetic apparatus 
in cucumber plants under salt stress and to understand the 
correlation between the Chl content and fluorescence, 
proline, GB, total soluble carbohydrate (TSC) content, ion 
uptake, and dry mass under salt stress before and after this 
application. 

Materials and methods

Plant material and growth conditions: The study was 
carried out in an experimental greenhouse of Vali-e-Asr 
University of Rafsanjan, Iran, during 2014–2015. Cucumber 
(Cucumis sativus var. Sultani) was sown in pots (3.9 L) filled 
with a 1:1 of perlite:cocopeat mixture. Afterwards, pots 
were kept in the greenhouse with temperature of 25 ± 2°C. 
Plants were protected from pest with pesticides and irri-
gated with Hoagland solution containing: 5 mM KNO3, 
2.5 mM Ca(NO3)2, 2 mM MgSO4, 1 mM KH2PO4, 7 µM 
MnCl2, 0.7 µM ZnSO4, 0.8 µM CuSO4, 0.8 µM Na2MoO4, 
25 µM Fe-EDDHA, and 2 µM H3BO3. The nutrient solution 
(pH 6.5 ± 0.1) was renewed every 3 d and the substrate 
was partially rinsed with distilled water to avoid nutrient 
accumulation. The GB was applied three times (14, 
28, and 35 d after germination) on the foliage of plants 
at the concentrations of 0, 50, and 100 mM. Salinity 
treatments began 21 d after germination and lasted for 20 
d. The salinity treatment was applied along with Hoagland 
solution at three concentrations (0, 50, and 100 mM NaCl). 
Sampling for all parameters was done at the end of the 
salinity period.

Dry mass: At the end of the experiment, plants were pulled 
out from the soil and divided into shoots and roots and 
weighed immediately after harvesting. The samples were 
dried in an oven for 72 h at 70°C and the dry mass (DM) 
of samples was measured. 

Chl and carotenoid (Car) pigments: Chl pigments (Chl a, 
Chl b, and total Chl) and Car contents were determined 
according to Lichtenthaler (1987). At the end of the 
experiment, three fully expanded leaves from each pot 
(one leaf from each plant) were collected and wrapped 
in aluminum foil to avoid degradation of pigments by 
light. The extract was prepared from fresh leaves (1 g) by 
grinding in a cold mortar and pestle together with 10 ml 
of 80% aqueous acetone. After filtering, absorbance of 
centrifuged extracts was measured at 470, 646, and 663 nm 
using a spectrophotometer (U-2000, Hitachi Instruments, 
Tokyo, Japan). 

Proline and total soluble carbohydrate (TSC) content: 
To determine the free-proline concentration, 0.5 g of leaves 
was homogenized in 5 mL of 95% ethanol. The insoluble 
fraction of the extract was washed with 5 mL of 70% 
ethanol. The extract was centrifuged at 3,500 rpm for 10 
min and the supernatant was preserved at 4°C for the proline 
determination. An aliquot of this supernatant was taken 
and was placed in a bath at 100°C after adding reactive 
ninhydrin acid reagent (ninhydrin, 6 M phosphoric acid, 
and glacial acetic acid at 99%). After 45 min, the tubes 
were cooled and absorbance at 520 nm was determined 
(U-2000, Hitachi Instruments, Tokyo, Japan). Proline 
concentration was calculated with a standard curve and 
expressed as μg g–1(FM) (Paquin and Lechasseur 1979).

In order to determine TSC, 0.1 ml of the extract 
prepared in ethanol (alcoholic extracts made for proline) 
was mixed with antron (200 mg of antron plus 100 ml 
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of 72% sulphuric acid). The tubes were kept in a bath at 
100°C for 10 min. Then they were cooled and absorbance 
at 625 nm was measured by U-2000 ( Hitachi Instruments, 
Tokyo, Japan). The concentration of soluble sugars was 
calculated using the standard curve and the results were 
expressed as mg g–1(FM). 

Glycine betaine content: Contents of GB were quantified 
as described previously by Arakawa et al. (1990). Leaf 
samples (0.5 g) were ground and homogenized with 25 ml 
of distillated water and shaken for 48 h at 25°C. Extracts were 

centrifuged at 3,500 rpm for 10 min and the supernatants 
were used. Then, 1 ml of the extraction solution was mixed 
with 1 ml of 2 N sulfuric acid. The mixture solution of 0.5 
ml was poured into a tube and placed in cold water bath 
for 1 h. Potassium iodide of 0.2 ml (7.15 g iodide plus 
20 g potassium iodide) was added to a tube and kept at 
4°C for 14 h, after which the samples were centrifuged at 
10,000 rpm for 15 min. The granola crystals sediment was 
dissolved in 9 ml of dichloromethane and was shaken and 
after 2 h, samples were measured with a spectrophotometer 
at 365 nm (U-2000, Hitachi Instruments, Tokyo, Japan). 
The concentration of GB was calculated using the standard 
curve and the results were expressed as µg g–1(DM).

Elemental analysis: Samples of dry leaves were ground 
and dry-ashed at 550°C for 4 h. The ashes were dissolved 
with 5 ml of 2N HCL and made up to 50 ml with distillated 
water. The concentrations of Na+ and K+ were measured by 
flame photometry. Analyses of Ca2+ and Mg2+ were carried 
out with an atomic absorption spectrophotometer (T80 
UV/VIS, GBC Avanta, China), Cl– was titrated with silver 
nitrate by Mohr method (Hong et al. 2011).

Chl fluorescence was measured before (on 20 d) and after 
salt stress application using the portable photosynthetic 
efficiency analyzer (PEA, Hansatech Instruments Ltd., 
UK). After samples (fully developed leaves) dark 
adaptation for 15 min, Chl fluorescence parameters were 
measured and further ones were calculated (see table 
below) with the help of the ʻPEA Plusʼ software package 
(version 1.02). Basic Chl fluorescence parameters derived 
from the fluorescence parameters were as follows (Brestič 
and Živčák 2013):

Experimental design and statistical analyses: This 
experiment was arranged as a factorial in the framework of 
a completely randomized design with two factors, salinity 
(0, 50, and 100 mM of NaCl) and GB (0, 50, and 100 mM) 
with three replications. Analysis of variance (ANOVA) was 
performed using the SAS program (SAS Institute, Cary, 
NC, USA). Significant differences of the means (P<0.05 
for F-test) were determined by LSD's multiple range test. 

Results

Ion concentration: According to ANOVA results (Table 1), 
Na+, Ca2+, K+, and Cl– concentrations in cucumber plants 
were significantly affected by GB application and salinity 
stress. Ca2+ and K+ concentrations severely declined by 
increasing salinity stress but the exogenous GB applica-
tion increased the concentrations of these elements under 
salinity. The highest and the lowest Ca2+ and K+ concentra-
tions were observed at GB (100 mM) under the control 
conditions and GB (0 mM salinity) under salinity (100 
mM) condition treatments, respectively (Table 1). Leaf 
Cl– and Na+ concentrations of cucumber plants grown with 
Hoagland solution (0 mM salinity) in addition to GB were 

Basic parameters derived from the extracted data 
F0 Minimum fluorescence, when all PSII RCs are open (O-step of OJIP transient) F0 = F50µs

Fm Maximum fluorescence, when all PSII RCs are closed (P-step of OJIP transient) Fm = Fp

Fv Variable fluorescence of the dark-adapted leaf Fv = Fm – F0

Fv/Fm Maximal quantum yield of PSII photochemistry Fv/Fm = 1– (F0/Fm)
VJ Relative variable fluorescence at time 2 ms (J-step) after start of actinic light pulse VJ = (F2ms – F0)/(Fm – F0)
VI Relative variable fluorescence at time 30 ms (I-step) after start of actinic light pulse VI = (F30ms – F0)/(Fm – F0)
Area Area above the OJIP curve; it expresses the size of the reduced PQ pool
Quantum yields
Ψ0 Probability that a trapped exciton moves an electron into the electron transport chain 

beyond QA

Ψ0 = (1 – VJ)

ΦDo Quantum yield of energy dissipation ΦDo = F0/Fm

φET20 Quantum yield of electron transport from QA to QB in PSII φET20 = ΦPo(1 – VJ)
φRE10 Quantum yield of reduction of end electron acceptors at the PSI acceptor side φRE10 = ΦPo(1 – VI)

PIabs Performance index for the photochemical activity (basic formula on absorption basis) PIabs = [1– (F0/Fm)]/(M0/VJ) × 
(Fm – F0)/F0 × (1 – VJ)/VJ

PItot Total performance index for the photochemical activity (including the flow beyond PSI) PItot = PIabs(1 – VI)/(VI – VJ)
Specific energy fluxes (per QA-reducing PSII reaction center)
TR0/RC Trapped energy flux per RC (at t = 0) M0(1/VJ)
ET0/RC Electron transport flux per RC (at t = 0) M0(1/VJ)ψ0
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found to be significantly lower than that in plants without 
GB. Also, the results indicated that the concentrations of 
Cl– and Na+ increased with increasing level of salt stress 
but GB treatment reduced the accumulation and toxicity of 
these elements under salinity conditions (Table 1). 

Osmotic regulating compounds: The results indicated 
that salinity, GB, and their interaction had a significant 
effect on osmotic regulating compounds, such as soluble 
sugar, proline, and GB (Table 1). Soluble sugar, proline, 
and GB were increased by the saline treatment compared 
with the control. The plants treated with GB also showed 
the higher content of soluble sugar, proline, and GB as 
compared to the control ones. The highest content of 
these compounds was observed in plants treated with 
GB under high level of salinity (100 mM) and the lowest 
soluble sugar, proline, and GB contents were recorded in 
plants grown under control conditions and without GB 
application (Table 1). 

Pigment content: Total Chl, Chl a, b, and Car contents in 
leaves of cucumber plants were significantly affected by 
salinity stress, GB, and their interaction effects (Table 1S, 
supplement). Salt stress significantly reduced total Chl,  
Chl a, b, and Car contents in leaves compared with the 
control treatment. GB application improved these traits both 
under salinity and control conditions. The highest total Chl, 
Chl a, b, and Car contents were observed in 100 mM GB 
treatment under control conditions and the respective 
lowest ones were recorded under salinity (100 mM NaCl) 
treatment without GB (Fig. 1). The results also showed 
that Chl a was more affected than other photosynthetic 
pigments under salinity stress. Thus, the amount of Chl a 

decreased by 36.1% compared with the control treatment 
(Table 1S, supplement).

Chl fluorescence: All Chl fluorescence parameters of 
cucumber leaves measured in this experiment (Fv, Fm, F0, 
Fv/Fm, Area, VI, and VJ) were affected by salinity, GB 
application, and their combination (Table 2S, supplement). 
The value of Fm, Fv, Fv/Fm, and Area decreased under 
salinity conditions but the GB application diminished the 
effect of salinity on these parameters these parameters 
(Fig. 2B–D). The results of Chl fluorescence also 
showed that salinity increased F0 and VJ but the use 
of GB affected differently these parameters. Thus, 
the application of GB decreased F0 under salinity and 
control conditions (6.3 and 5%, respectively) (Fig. 2A).  
A gradual promotion of VJ was observed after application 
of GB (Fig. 2E). Plants treated with 100 mM GB under 
high level of salinity (100 mM NaCl) showed maximum 
VI; the minimum VI was recorded under control conditions 
with 50 mM GB (Fig. 2F).

Quantum yields and specific energy fluxes, including Ψ0, 
ΦDo, φET20, φRE10, PIabs, PItot, and TR0/RC were influenced by 
salinity, GB, and their interactions significantly (Table 2). 
Ψ0, φET20, φRE10, PIabs, PItot, and TR0/RC decreased with 
increasing salinity, but foliar applications of GB decreased 
toxicity effect of salinity on these parameters (Table 2). 
Contrarily, the value of ΦDo increased with increasing 
salinity, while the GB application reduced the effect of 
salinity by decreasing the value of ΦDo, so the maximum 
and minimum ΦDo were observed under 100 mM NaCl 
without GB and under 100 mM GB without salt stress, 
respectively (Table 2).

Table 1. Effect of salinity (S) and glycine betaine (GB) on leaf ion concentrations (Na+, Ca2+, K+, and Cl–) and leaf osmotic regulating 
compounds (proline, GB – glycine betaine; TSC – total soluble carbohydrate) of cucumber plants. DM – dry mass; Df – degree of 
freedom; Error – the dispersion ratio occurs by uncontrollable factors in the test. Values are means ± SE of three replicates. Different 
letters in each column show significant differences at P≤0.05 (LSD). Mean squares are used in analysis of variance and are calculated 
as a sum of squares divided by their appropriate degrees of freedom. * – significance at P≤0.05); ** –  significance at P≤0.01; CV –  
coefficient of variation.

Salinity 
[mM(NaCl)]

GB
[mM]

Na+

[%(DM)]
Ca2+

[%(DM)]
K+

[%(DM)]
Cl–

[%(DM)]
TSC
[mg g–1(FM)]

Proline
[mg g–1(FM)]

GB
[μg g–1(DM)]

    0     0 0.23 ± 0.02e 0.42 ± 0.01d 1.36 ± 0.02c 0.70 ± 0.03cd 0.50 ± 0.03e 0.67 ± 0.02h 1.25 ± 0.02g

  50 0.19 ±0.03f 0.48 ± 0.02bc 1.56 ± 0.03b 0.68 ±0.01de 0.63 ± 0.02d 0.89 ± 0.03g 1.36 ± 0.01f

100 0.12 ± 0.02g 0.59 ± 0.01a 1.74 ± 0.02a 0.59 ± 0.01e 0.63 ± 0.02d 0.97 ± 0.01f 1.58 ± 0.02e

  50     0 0.35 ± 0.01c 0.40 ± 0.00d 1.19 ± 0.01e 0.88 ± 0.02b 0.65 ± 0.15d 1.09 ± 0.01e 2.43 ± 0.03d

  50 0.33 ± 0.01cd 0.47 ± 0.02c 1.22 ± 0.01de 0.79 ± 0.03bc 0.67 ± 0.01cd 1.02 ± 0.03d 2.66 ± 0.06c

100 0.31 ± 0.01d 0.50 ± 0.01b 1.26 ± 0.01d 0.73 ± 0.15cd 0.72 ± 0.008bc 1.28 ± 0.04c 2.89 ± 0.03b

100     0 0.63 ± 0.03a 0.31 ± 0.01e 1.01 ± 0.01g 1.11 ± 0.01a 0.71 ± 0.02bc 1.34 ± 0.04c 4.02 ± 0.02a

  50 0.50 ± 0.01b 0.41 ± 0.01d 1.10 ± 0.01f 0.87 ± 0.07b 0.75 ± 0.02b 1.50 ± 0.04b 4.02 ± 0.01a

100 0.47 ± 0.01b 0.47 ± 0.06c 1.18 ± 0.03e 0.76 ± 0.03cd 0.84 ± 0.03a 1.70 ± 0.03a 4.13 ± 0.01a

Source of variations Df Mean squares
Salinity (S)   2 0.281** 0.022** 0.500** 0.150** 0.080** 1.011** 15.931**

GB   2 0.030** 0.045** 0.090** 0.090** 0.030** 0.181** 0.201**

S × GB   4 0.004** 0.001** 0.018* 0.014* 0.003* 0.008* 0.021*

Error 18 0.0004 0.001 0.001 0.003 0.001 0.002 0.004
CV [%] 6.240 3.730 2.600 7.090 5.010 3.530 2.340
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Dry mass: We found significance of interaction between 
salinity and GB treatment in the case of total dry mass. A 
positive growth response due to foliar application of GB 
was observed in all cucumber plants. The highest value of  

DM was recorded after 100 mM GB application on plants 
grown without salt stress, while the lower value of DM 
was noted under 100 mM NaCl without GB application 
(Fig. 3). 

Fig. 1. Effect of salinity and glycine 
betaine (GB) on total chlorophyll 
(TChl) (A), chlorophyll (Chl) a (B), 
Chl b (C), and carotenoid (D) con- 
tent of cucumber plants. Bars indicate 
standard error. Columns with differ-
ent letters are significantly different 
at P≤0.05.

Fig. 2. Effect of salinity and glycine 
betaine (GB) on Chl fluorescence 
parameters of cucumber plants. Bars 
indicate standard error. Columns with 
different letters are significantly 
different at P≤0.05. F0 – minimal 
fluorescence yield of the dark-adapted 
state; Fm – maximal fluorescence of 
the dark-adapted state; Fv – maximal 
variable fluorescence; Fv/Fm – 
maximal quantum yield of PSII 
photochemistry; VI   –  relative variable 
fluorescence at time 30 ms (I-step) 
after start of actinic light pulse; VJ – 
relative variable fluorescence at 
J-step.
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Discussion

Ion concentration: Aggregation of specific ions under 
salinity conditions caused nutritional imbalances in plant 
tissues (Ferguson and Grattan 2005). In our experiment, 
the salt treatment resulted in a reduction of Ca2+ and K+ 

concentrations but a great increase in Cl– and Na+ concen-
trations in aerial parts of cucumber plants. Changes in a 
mineral content have been also reported in spinach (Chow 

et al. 1990), pepper (Rubio et al. 2003), and cucumber 
(Trajkova et al. 2006), which supported our findings. 
Salinity reduces the absorption of water and nutrients 
by changing the operating root ion channel, such as K+ 
channels, or inhibit root growth through osmotic effect 
of Na+ (Parida and Das 2005, Zhu 2007). Tavakkoli et al. 
(2010) suggested that the amount of potassium seems to 
be dependent on Na+ accumulation because there is an 
antagonistic effect between K+ and Na+ cations. According 
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to our results, Ca2+ and K+ contents increased both in saline 
and nonsaline conditions with increasing GB compared 
to those without GB application and enhanced Na+ and 
Cl– toxicity. GB treatment induced a generation of extra 
vacuoles in root cells, which resulted in aggregation of 
Na+ in the roots and a decrease in its transportation to the 
shoots (Rahman et al. 2002). Structural changes, such 
as enhancement in the number of mitochondria in the 
cytoplasm of the root tip, were observed with application 
of GB under salt stress (Ashraf and Foolad 2007). In a 
study carried out by Rahman et al. (2002), GB application 
lowered Na+ and enhanced K+ content in the aerial parts of 
salt-stressed rice plants.

Osmotic regulating compounds: Exogenous application 
of GB can rapidly reach an increasing plant stress 
tolerance by accumulation of osmo-regulators in plant 
tissue.  For example, foliar application resulted in a 
significant improvement in salt tolerance of rice plants 
(Lutts 2000). In the current study, salinity gradually 
enhanced soluble sugar, proline, and GB contents. 
These finding were in agreement with the study of Sakr 
et al. (2012). Generally, when plants experience stress 
conditions, they regulate their cell osmotic potential 
by production of organic compounds such as proline 
and soluble sugars (Ashraf and McNeilly 2004). 
Accumulation of soluble organic compounds and low-
molecular-mass organic solutes, such as osmoregulators, 
is one of mechanisms that many plant species use to 
reduce the negative effects of water deficit and salt stress 
(Chaves et al. 2003). Overproduction of osmolytes such as 
GB and proline under salinity stress resulted in protection 
of thylakoids membranes and improvement of the stability 
of some cytoplasmic and mitochondrial enzymes (Genard 
et al. 1991). In this study, GB treatment increased osmo-
regulators both under salinity stress and control conditions. 
This result is supported by the outcomes of Cha-um et al. 
(2006) on rice and Sakr et al. (2012) on canola, where the 
application of GB increased osmoregulators in plant tissue 
under salinity stress.  

Photosynthetic pigments: Reduction in Chl and other 
photosynthetic pigments at high NaCl concentration might 

Fig. 3. Effect of salinity and glycine betaine (GB) on total dry 
mass (DM) of cucumber plants. Bars indicate standard error. 
Columns with different letters are significantly different at 
P≤0.05.

occur due to the destruction of chloroplasts or changes in 
thylakoid membrane structure (Iyengar and Reddy 1996). 
Reduction in Chl content may be due to the loss of specific 
enzymes that play an important role in biosynthesis of 
such pigments (Murkute et al. 2006). The reduction 
of Chl content could occur due to a greater activity of 
chlorophyllase under stress conditions (Woodward and 
Bennett 2005). Car act as auxiliary pigments and as 
effective antioxidants for the protection and stability of 
photochemical processes (Abbasi et al. 2014). Several 
investigations have described that salinity significantly 
decreased the photosynthetic pigments (Li et al. 2010). 
These results corresponded with our finding on cucumber 
plants. The application of organic compounds such as GB 
on the cucumber plants increased photosynthetic pigments 
in leaves of these plants compared with control plants 
under salinity and nonsalinity conditions. Although, the 
physiological effect of GB is not clear, recent research 
showed that GB plays a key role similar to cytokinine 
in enhancing the Chl content (Makela et al. 2000). On 
the other hand, Genard et al. (1991) reported that GB 
has a major role in protecting chloroplasts and thylakoid 
membrane from oxidative damage under stress conditions. 
The results of this investigation are corresponding to those 
of Park et al. (2006) who believed that Chl content of 
tomato leaves was increased by GB treatment.

Chl fluorescence measurement is one of the critical, 
simple, and nondestructive methods to assess the effi-
ciency of photosynthesis (Brestič and Živčák 2013). Plant 
response to salinity depends on PSII ability to respond to 
this stress. It has been reported that salinity reduces the 
quantum yield of PSII electron transport, the amount of 
light energy that reaches the reaction centers, and the 
oxygen-evolving complex (Kalaji et al. 2011). When 
plastoquinone (PQ) was oxidized, the system of electron 
transport had the lowest F0, but under stress conditions, 
F0 increased due to the change in thylakoid membrane 
structure and damage to reaction centers of PSII (Wright 
et al. 2009). The maximum quantum yield of PSII 
photochemistry (Fv/Fm) is frequently used as an indicator 
of photoinhibition or of other types of stresses caused to 
PSII (Baker 2008). Reduction in Fm, Fv, and Fv/Fm under 
stress conditions could prevent transfer of electrons from 
PSII reaction center to electron transporters (Mehta et al. 
2010). In addition, the capacity of PQ pool (Area) was 
reduced under stress conditions, and then the electron 
transport significantly decreased (Misra et al. 2001).  
Li et al. (2010) reported that Fm, Fv, and Fv/Fm decreased 
with increasing salinity, as indicated salinity-enhanced F0 
in castor bean plants. Oraei et al. (2009) suggested that the 
concentrations of K+ and Mg2+ (the main elements in the 
synthesis of Chl) decreased under salinity conditions that 
damaged the Chl structures and finally decreased the ratio 
of Fv/Fm. Energy dissipation (ΦDo) is enhanced under stress 
conditions due to inactivation of some PSII reaction centers 
(RCs) (Kalaji et al. 2014). Reduction of PIabs and PItot under 
stress conditions suggested reduction in overall performance 
of photosynthesis linked to decrease of electron transport 
capacity. These results were consistent with our results.  
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It seems that GB increased the efficiency of photosynthesis 
by maintaining chloroplasts and thylakoid membrane 
structures (Brestič and Živčák 2013). Further work is 
necessary to investigate the effect of GB on Chl fluores-
cence and photosynthetic electron transport chain.

Dry mass: We observed a negative effect of salinity on 
DM. Reduction of the DM under salt stress could be due 
to decreased osmotic potential of plant cells. However, the 
root cells could not absorb water needed for growth. As a 
result, plant growth and plant DM under such conditions 
is reduced (Çiçek and Çakirlar 2002). The results of 
this study also indicated that GB application improved 
response to salinity. It seems that, under stress conditions,  
the accumulation of GB in  cytoplasm maintains the 
plant cells osmotic potential. This in turn improves plants  
photosynthetic performance, growth and finally rises their 
DM (Volkmar et al. 1997).

Correlation analysis showed that the GB content was 
significantly correlated with all measured parameters 
except for parameter φET20 (quantum yield of electron 
transport from QA to QB in PSII) (data not shown). 
However, positive correlations were found only with the 
following parameters: proline, TSC, ΦDo, Ψ0, and VI. This 
indicates that the GB content has a very important role in 
photosynthetic machinery control/adaptation to salinity. 

In conclusion, the results of this experiment showed 
that GB application significantly improved the salt stress 
responses in cucumber plants. This result suggests that GB 
could be used as an organic osmolyte regulator to improve 
photosynthetic pigment contents and photosynthetic 
performance, quantum yield and energy fluxes between 
PSII and PSI reaction centers under NaCl stress. 
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