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ABSTRACT 

To investigate the effects of glycine betaine and sugar beet extract (molasses) on ameliorating 
the adverse effect of salt stress and enhancing growth, yield, chemical composition and enzymes activity 
of green bean plants (Phaseolus vulgaris L.) cv. Valentino, an experimental study  was carried on green 
bean plants irrigated with four levels of saline water (1000, 2000, 3000 and 4000 ppm) combined with 
three anti- salinity foliar application (pure glycine betaine (GB) 50 mM, Sugar beet extract (molasses) 
5cm3L-1 and water as a control).The obtained results showed that green bean plants irrigated with 1000 
ppm saline water in general gave the most vigorous vegetative growth and had the highest yield 
compared with those grown under higher salt stress conditions .All anti-salinity applications improved 
vegetative growth when compared with unsprayed plants (control). Green bean Plants sprayed with 
glycine betaine or sugar beet extract (molasses) showed better vegetative growth and shoot biomass, 
chlorophyll, antioxidant content (enzymatic activity) and proline concentrations at all tested salinity 
levels compared with control plants (without anti-salinity application) which showed severe growth 
retardation particularly under the higher salt level (4000 ppm). The maximum leaf relative water content 
and lowest values of membrane permeability were markedly observed with glycine betaine and sugar 
beet extract with no significant difference between both of them. Plants irrigated with lower saline water 
(1000 ppm) had better antioxidant enzyme activity and accumulated higher K and lower Na and Cl than 
plants grown under high salinity irrigation water (4000ppm). The Anti-salinity application positively 
enhanced the yield components under all salinity stress levels and the highest yield was significantly 
detected with glycine betaine application followed by molasses and lastly coming untreated plants. 

 
Keywords: Salt stress, Glycine betaine, Sugar beet extract (molasses), Antioxidant enzymes, LRWC 

Green bean plant. 

 
Introduction 

Scarcity of good quality water is one of the major limitations for agricultural development in 
Egypt, especially after the construction the Grand Ethiopian Renaissance Dam (Hegazi et al., 2015). 
Later, the increased demand on irrigation water pushed the growers to consume semi-saline 
underground water. The use of brackish water has become obligatory to recompense rapidly increasing 
water requirements for irrigation and the competition between human and industrial water use, 
especially in arid and semiarid regions like Egypt (Hegazi et al., 2017). Therefore, the use of saline 
water needs more research for mitigating of salt stress by using natural anti-salinity application. 
However, the low quality of irrigation water such as saline water in combination with fertilization often 
causes injuries and reduces the productivity of most vegetable crops in Egypt (Sharma et al., 2013). 
Several studies have been carried out to recover salinity negative effects on growth and production of 
many vegetable crops (Li, 2000; Hegazi et al., 2015; Hegazi et al., 2017; Gupta and Huang, 2014). On 
the other hand, Green bean plants are not only important for Egyptian export markets but also is one of 
the main protein sources for Egyptian families (Abdel-Mawgoud et al., 2010).  Green bean is 
characterized as a salt sensitive plant and suffers from growth damage and the yield losses differ 
between 10% and 50% at salinity level from 1 to 3 dS m–1. Glycine betaine, (GB) is an amino acid 
derivative, which is naturally initiate in microorganisms, plants, and animals (Sakamoto and Murata, 
2002; Makela, 2004). GB was first discovered in sugar beet (Beta vulgaris) juice at the rate of 100 
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mmol kg −1 plant tissue (Mack et al., 2007). GB accumulates in the chloroplasts and plastids of many 
salt tolerant plants. These plants accumulate high levels of GB in response to abiotic stress (Allard et 
al., 1998 and Kishitani et al., 1994). Levels of accumulated GB are mostly coinciding with the level of 
stress tolerance (Yang and Lu, 2005) reported that GB application enhanced growth, leaf water content, 
net photosynthesis, and the actual photosynthesis of maize plants.  

Sugar beet extract (Molasses) is a by-product of the sucrose manufacturing from sugar beets. 
Sugar beet has high levels of GB (about 100 mmol GB/kg fresh plant tissue (Mack et al., 2007) or 0.2–
0.3% (Korteniemi, 2007).  Since, sugar beet extract contains a considerable amount of GB along with 
a range of other important nutrients, so it was found as effective as pure GB in improving growth and 
other physiological processes in eggplant grown under salt stress (Abbas et al., 2010 and  Abuelazm 
and Youssef , 2015). Thus, it can be used as an unconventional and low-cost source of GB for 
amelioration and protecting plants against the harmful effects of salt stress (Khalid et al., 2015). In 
many crop plants, the natural accumulation of GB is lower than sufficient to mitigate the adverse effects 
of dehydration caused by various environmental stresses (Ashraf and Foolad, 2007). Habib et al. (2012) 
indicated that GB is the most promising organic solutes used to reduce damaging effects of salt stress 
on plant growth and yield. The effects of Glycine betaine have been informed in inducing salt tolerance 
in many vegetable crops, including tomato (Mäkela et al. 1998; Heuer 2003), broad bean (Gadallah 
1999), eggplant (Abbas et al. 2010), okra (Habib et al. 2012) and squash plant (Abdel-Mawgoud, 2017). 
For this reason, this work is an endeavor to discover an applied way to moderate the damaging degree 
of salinity on growth, yield and quality of green bean plants using two sources from GB. 

 
Materials and Methods 

 
Location and Growth Conditions  

Two pot experiments were conducted at the Experimental Station Farm, Faculty of Agriculture, 
Ain Shams University, Cairo, Egypt, during the two successive seasons (2017 and 2018) to observe the 
potential role of foliar-applied glycine betaine and sugar beet extract (Molasses) in mitigating the 
negative adverse effects of water salinity on green bean plants. Seeds of green bean (Phaseolus vulgaris 
L.) cv. Valentino (a bush bean belongs to fine type group) were sown on 1st September in both seasons 
in black polyethylene bags containing 15 kg of washed sand (sand physical properties were 89.4% sand, 
6.9% silt, and 3.7% clay with a pH of 7.8, EC of 1.68 dS/m). The experimental site has a prevailing arid 
climate with cool winters and hot dry summer. The normal agricultural practices for the green bean 
production, and diseases and pest control were followed according to the recommendation of the 
Egyptian Ministry of Agriculture. Seeds were sown in four pits for each pot. Ten days after seed 
germination, plants were thinned to five in each pot/replicate, and after 21 days, NaCl treatments were 
begun. Each experimental plot involved 15 pots arranged in 3 rows, 5 pots in each row. Two liters of 
Hoagland’s nutrient solution (full strength) were applied weekly to each pot. 

 
Plant Material and Treatments  

Plants were subjected to four NaCl treatments i.e., 1000 ppm, 2000 ppm., 3000 ppm and 4000 
ppm and three anti- salinity foliar application (i.e., pure Glycine betaine (GB), Sugar beet extracts 
(molasses) and water as a control). Glycine betaine (M. wt. = 117.1) of Sigma–Aldrich, Japan was 
initially dissolved in methanol and concentration of 50 mML-1 were made up with distilled water 
containing 0.02% Tween 20 (polyoxyethylene sorbitan monolaurate; Sigma Chemicals, UK) as a 
surfactant. Sugar beet extract (molasses) purchased from Fayoum Company for sugar industry-Egypt 
was applied at 5cm3L-1 as foliar application. The experiment was arranged in a completely randomized 
design with three replicates. 
 
Sampling and Data Recording 
 
Vegetative Growth Parameters  

A random sample of three plants/ replicate was collected at 45 days after sowing to assess the 
vegetative growth parameters.  Plant length. Shoot fresh and dry weight. Ten leaf disks were taken from 
flat part of the leaf using cork borer and weight and then the average leaf area in cm2 was calculated as 
described by Koller (1972) using the following equation: 
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Leaf area = 
Disk area x No. of disks x fresh weight of leaves 

fresh weight of disks 
 
The plants were weighed to record the plant fresh weight and were then placed in an oven at 70ºC 

until reaching constant weight to record the plant dry weight. 
 

Determination of Photosynthetic Pigments  
At 45 days after sowing portable chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., 

Japan) was used to measure the leaf greenness of the plants. For each plant, measurements were taken 
at four locations on each leaf; two on each side of the midrib on all fully expanded leaves, and then 
averaged (Khan et al. 2003).  
 
Determination of Membrane Permeability (MP)  

For measurement of membrane permeability (MP), 10 leaf discs (10 mm in diameter) from the 
young fully expanded leaves from two plants per replicate were placed in 50-mL glass vials and rinsed 
with distilled water to remove electrolytes released during leaf disc excision. Electrolyte leakage was 
calculated as a percentage of EC1/EC2 (Shi et al., 2006). 
 
Determination of Leaf Relative Water Content (LRWC)  

Leaf samples were taken from two plants per replicate (the sixth leaf from the top) to determine 
fresh weight (FW), dry weight (DW) and turgid weight (TW). Values of FW, TW, and DW were used 
to calculate LRWC using the equation below (Kaya et al., 2003):   LRWC (%) = [(FW – DW) / (TW – 
DW)] × 100 
 
Bio-chemical Composition 
 
Determination of proline  

Proline concentration was determined according to the method of Troll and Lindsley (1955) 
modified by Petters et al. (1997).  
 
Determination of antioxidant enzymes activity 
 
Determination of catalase activity (CAT)  

CAT activity was measured following the method of Montavon et al. (2007). Fresh tissues were 
homogenized with 50 mmol sodium phosphate buffer (pH 7.0, 1/10, w/v) including 150 mmol NaCl 
and 0.5 mmol EDTA. One unit of CAT activity was expressed as the amount of enzyme needed to 
reduce 1 µmol of H2O2 per min CAT activity was expressed as (unit min-1 mg-1 protein). 

 
Determination of superoxide dismutase activity (SOD)  

The activity of superoxide dismutase (EC1.15.1.1) was assayed by the method of Beauchamp 
and Fridovich (1971) by measuring its ability of enzyme to inhibit the photochemical reduction of nitro 
blue tetrazolium (NBT).A reaction mixture (3 ml) containing 40 mM phosphate buffer (ph 7.8), 13 mM 
methionine, 75µm NBT, 2µM riboflavin, 0.1 mM EDTA and 100 µ1 of the crude enzyme extract was 
shaken and placed 30 cm below light source consisting of 15 W fluorescent lamp. The absorbance was 
recorded at 650 nm. One unit of SOD activity is the amount of protein required to inhibit 50% initial 
reduction of NBT under light. The activity of SOD was expressed as unit min-1 mg-1 protein. 
 
Determination of peroxidase activity (POD)  

The activity of peroxidase (EC1.11.1.7) was assayed by the method of Hammmerscmidt et al. 
(1982). The reaction mixture (2.9 ml) consisted of 0.25 % (v\v) guaiacol in 10 mM sodium phosphate 
buffer (PH 6 containing 10mM hydrogen peroxide H2O2).volume of 100 µ1 of the crude enzyme 
extract was added to initiate the reaction which was measured spectrophotometrically (CT200 
spectrophotometer) at 470 nm per min.one international unit (IU) of enzyme activity was expressed as 
ΔOD=0.01 POX activity expressed as unit min-1 mg-1 protein. 
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Determination of the Na+, K+ and Cl- 
The extraction and determination of the Na+ and K+ concentrations were conducted according to 

Xu et al. (2006). Na+ and K+ concentrations were measured using an atomic absorption 
spectrophotometer (Varian spectra AA 220, Varian, Palo Alto, CA, USA). Chloride was measured using 
an ion chromatography analyser (Model 926, Sherwood Scientific Ltd., Cambridge, UK). 
 
Pod Yield parameters  

Green pods were harvested during the periods of 55-60 days after sowing and the total number 
of pods per plant was calculated, pod length and Pods yield (kg/m2).  
 
Experimental Design and Statistical Analysis 

Data of all experiments were analyzed by analysis of variance (ANOVA) using the general linear 
models' procedure of CoState. Significance between means was tested by “F” test and the value of LSD 
(p=0.05) was calculated (Snedecor and Cochran, 1967). 
 
Results and Discussion 
 
Vegetative Growth 

Vegetative growth characters of green bean plants (expressed as plant length, leaf area, shoot 
fresh and dry weight were decreased generally with the increase of salinity stress levels, with the 
greatest reduction observed at the highest salinity level (4000 ppm) in both studied seasons (Table 1). 
Foliar application of GB and Molasses led to growth improvements in all mentioned vegetative growth  
characters  at  all levels  of  salt stress with no significant difference between both of them (Table 1). It 
was shown that the applied GB and Molasses could mitigate the negative effects of salt stress.  These 
findings are parallel to other formerly studies for exogenous application of GB which had a significant 
effect in improving growth under salt stress. (Kanechi et al., 2013) informed that crude extract of 
Glycine betaine led to a significant increase in root dry weight of tomato and (abbas et al., 2010 ) who 
reported that  exogenously  applied  Glycine betaine  and  sugar beet  extract as  a  foliar  spray  (50  
mM)  had  a  substantial  effect  in  enhancing  the root  length  and shoot and root fresh and  dry  weight   
of  eggplant  under  salt  stress  conditions  and  this  enhancement  was  better  with  a  sugar beet  
extract than  with  pure  Glycine betaine .  
 
Table 1: Effect of Anti-salinity applications on vegetative growth parameters of green bean irrigated 

with four levels of saline water (2017 and 2018 seasons).  

Treatment 

Salinity 
concentrat

ion 
(ppm) 

Plant 
length 
(cm) 

Leaf 
area 
(cm) 

Shoot 
FW 
(g 

/plant) 

Shoot 
DW 

(g/plant) 

Plant 
length 
(cm) 

Leaf 
area 
(cm) 

Shoot 
FW 
(g 

/plant) 

Shoot 
DW 

(g/plan
t) 

Control 

2017 2018 
Control 34.50b 97.50b 5.36a 1.23abc 47.00a 160.24b 17.44b 1.85b 
2000 ppm 28.00 cde 83.50 cd 4.76 a 0.96 bc 28.81d 91.45c 13.52cd 1.57cde 
3000 ppm 22.53f 63.63ef 3.70 ab 0.70 bc 26.40d 69.73cde 9.99d 1.09e 
4000 ppm 18.00 g 28.16 g 2.06 b 0.36 c 23.75d 27.77f 7.26f 0.45g 

Glycine 
Betaine 

Control 50.63a 120.96a 5.86 a 2.06 a 51.50a 198.84a 20.13a 2.23a 
2000 ppm 30.50 c 88.80 bc 5.10 a 1.16abc 40.00b 97.36c 15.10b 1.73bc 
3000 ppm 27.06de 76.60 cd 4.73 a 0.93 bc 28.50d 84.00cd 13.48cd 1.45de 
4000 ppm 22.33 f 61.63 f 3.43ab 0.63 c 26.40d 60.80de 9.98de 1.08f 

Molasses 

Control 48.00 a 113.53a 5.83 a 1.66 ab 50.75a 186.58a 18.70ab 2.12a 
2000 ppm 29.70 cd 88.40 bc 5.06 a 1.13 abc 36.16bc 96.83c 14.26cd 1.68bcd 
3000 ppm 26.33 e 74.06de 4.60 a 0.90 bc 26.40d 81.11cde 12.52cd 1.41de 
4000 ppm 21.66 f 55.10 f 3.36ab 0.63 c 26.40d 54.33e 9.82e 1.04f 

LSD at 5 %  3.10 11.49 2.27 0.87 4.53 25.31 1.75 0.22 

 
Moreover, (Mäkela et al., 1998) indicated that Glycine betaine caused an increase in tomato yield under 
salt condition. Also, (Xing and Rajashekar.2001) revealed that Glycine betaine treatment increased the 
whole growth of plants as showed by increases in all the growth characteristics measured, (Yildirim et 
al., 2015) showed that plant height, leaf number and fresh and dry weight of the shoot and root of lettuce 
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plants improved with exogenous application of Glycine betaine. (Habib et al., 2011) stated that foliar 
application of GB or sugar beet extract significantly increased the shoot and root lengths of okra under 
saline conditions. 
 
Photosynthetic Pigments  

 Figure 1 showed that photosynthetic pigments (Chlorophyll) concentrations were significantly 
decreased with the rise of salinity stress level (4000ppm). Anti-salinity treatments positively neutralized 
the adverse effect of salt stress and induced a stimulatory effect on all plant photosynthetic pigments 
concentration compared with unsprayed plants. Glycine betaine increased the values of chlorophyll and 
gave the best values at 1000 ppm followed by molasses with no significant differences between both of 
them. In this respect, (Yildirim et al., 2015) stated that exogenous GB treatments resulted in more 
increase in leaf chlorophyll reading value under salinity conditions. In this respect, the chlorophyll 
decrease in salt stress was found to be attributed to the antagonistic effects of sodium ion on Mg 
absorption. However, GB can enhance the absorption of Mg ion which in turn can increase chlorophyll 
synthesis in salt stressed plants (Giri, 2011). 

 
Fig. 1: Effect of different salinity concentration and anti-salinity treatments on Chlorophyll by SPAD 

on green bean plants (2017 and 2018 seasons). 
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Leaf Relative Water Content (LRWC) and Membrane Permeability (MP) 
Figure. 2 shows the effect of salt stress and anti-salinity treatments application on LRWC and 

electrolyte leakage (membrane permeability) of green bean plant. LRWC and membrane permeability 
were adversely affected by water salinity levels and recorded the lowest values under high salt stress 
levels (4000 ppm) in the unsprayed plants (control). However, anti-salinity treatments positively 
enhanced LRWC and significantly reduced the negative effect of salinity on plasma membrane 
permeability compared with the control plants. The attained results confirmed with those obtained by 
(Yildirim et al., 2015)   who revealed that foliar GB applications elevated LRWC under salt stress. 
Wang et al., (2010) reported that exogenous application of GB induced an increase of GB itself and 
other metabolites (e.g. soluble sugars and proline) and decreased the osmotic potential of the plant cell 
which enhanced the inflow of water into the plant cells, causing stomata opening and finally improved 
water status in wheat plants. (Yildirim et al., 2015) informed that salt stress increased MP of lettuce 
plants and reasonably amended this leakage. In the same way, electrolyte leakage, membrane stability 
and relative water content were enhanced in salt stress bean plants sprayed with glycine betaine (Osman 
and Salim, 2016). 

 
Proline 

Antioxidant content expressed as proline concentration was significantly increased in plants by 
all anti-salinity applications compared to untreated plants (Fig.3). The highest proline concentration 
was recorded in plants irrigated with high salinity irrigation water (4000ppm) and the lowest one was 
recorded in the lowest level (1000ppm).  However, plants treated with GB and molasses recorded the 
highest significant values compared with unsprayed plants with no significant difference between both 
of them. These results are in accordance with (Habib et al., 2011) who found that exogenous application 
of GB and sugar beet extract considerably decreased the leaf proline contents in both okra cultivars 
principally under saline conditions. Similarly, Heuer (2003) and Demiral and Türkan (2006) also 
informed that exogenously applied GB significantly reduced the proline content in salt-stressed tomato 
and he revealed that this decrease in proline content caused by foliar application of GB might be owing 
to an interfering of GB in the osmotic adjustment process. 
 
Antioxidant Enzymes Activity 

The results in Figure (4) revealed that anti-salinity treatments significantly increased antioxidant 
enzyme activity (CAT, POD and SOD) activities at 1000ppm salinity levels compared to unsprayed 
plants. The highest significant improvement was recorded with glycine betaine applications followed 
by molasses with no significant difference between both of them compared to control plants. The 
obtained data are in harmony with those of Gadallah (1999) and Hu et al. (2012) who indicated that 
enhanced salt tolerance in lettuce plants due to GB treatment could be primarily correlated with the 
elevated SOD, CAT and APX activity and mitigation of Cell membrane damage by reducing membrane 
lipid oxidation and improving the ion homeostasis under salt stress. 
 
Mineral Content   

Data illustrated in Figure (5) showed that the highest Na + and Cl - and lowest k+   were obtained 
with the highest salinity stress levels, (4000 ppm) in both studied seasons. Foliar application of GB and 
Molasses led to higher K+ and lower Na and Cl- followed by plants treated with molasses compared 
with untreated plants (control) with no significant difference between both of them. The achieved results 
accorded with those obtained by (Habib et al., 2011) who stated that exogenous application of both GB 
and sugar beet extract markedly decreased the accumulation of Na+ and Cl− in shoots and roots of both 
okra cultivars. Also, several previous studies showed that foliar applied GB reduces the accumulation 
of Na+ and increases that of K+ in the shoots of many plant species (Abbas et al., 2010; Mäkela et al., 
1999; Rahman et al., 2002; Raza et al., 2007; Zhou et al., 2007).  

 
 



Middle East J. Appl. Sci., 9(1): 142-154, 2019 
ISSN 2077-4613 

148 

 
Fig. 2:  Effect of different salinity concentration and anti-salinity treatments membrane permeability (MP) of green bean plants (2017 and 2018 seasons) 
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Fig. 3: Effect of different salinity concentration and anti-salinity treatments on Proline concentration of 

green bean plants (2017 and 2018 seasons) 
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Fig. 4: Effect of different salinity concentration and anti-salinity treatments on Antioxidant enzymes 

activity of green bean plants (2017 and 2018 seasons) 
 
Pod Yield parameters  

Illustrated Data in Table (2) indicated that fruit yield as No. of pods per plant, average pods 
weight and total pods yield per plant were negatively affected by water salinity and recorded the lowest 
values under high salt stress levels (4000ppm) in the control plants. However, anti-salinity applications 
clearly enhanced pod yield of green bean plants under salinity stress levels. Thus, the highest pods 
yields were significantly observed with glycine betaine applications followed by molasses compared 
with untreated plants under all salinity levels. Our results showed that there is a positive effect of glycine 
betaine applications on green bean pods yield. Similar findings were obtained by (Mäkela. 1998) who 
reported that tomato yield was increased up to 39% when GB obtained from sugar beet was applied as 
a foliar spray to salt stressed tomato plants. Eggplant had improved growth and yield with exogenous 
application of GB (Abbas, et al., 2010). 
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Fig. 5: Effect of different salinity concentration and anti-salinity treatments on mineral content of green bean plants (2017 and 2018 seasons). 
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The results of the present study provide support for the field application of natural and synthetic 
GB. This could be an extraordinary approach for salt stress amelioration to alleviate the negative 
adverse effects of salt stress in Egypt. 

 
Table 2: Effect of Anti-salinity applications on pod yield of green bean irrigated with four levels of 

saline water (2017 and 2018 seasons). 

Treatment 
Salinity 

concentration 
(ppm) 

Pod 
weight (g) 

 

Pod 
length 
(cm) 

Total 
yield 

(kg/m2) 

Pod 
weight (g) 

 

Pod 
length 
(cm) 

Total 
yield 

(kg/ m2) 
  2017 2018 

Control 

Control 3.26abc 9.16a 3.30abc 5.23ab 15.10a 3.65ab 

2000 ppm 2.40abcd 8.16a 2.76abc 2.78bc 10.46bc 3.01ab 

3000 ppm 1.50bcd 7.00a 2.43c 1.58bc 8.13bc 2.48bc 
4000 ppm 0.09d 5.70a 0.09d 0.41c 5.70d 0.50d 

Glycine 
Betaine 

Control 4.50a 9.50a 3.80a 7.65a 16.00a 4.56a 
2000 ppm 2.90abcd 8.66a 2.76abc 3.30bc 11.55b 3.24ab 

3000 ppm 2.40 abcd 7.96a 2.70abc 2.63bc 9.90bc 2.95ab 

4000 ppm 1.60cd 6.70a 1.06d 1.45bc 7.83cd 1.22cd 

Molasses 

Control 4.30ab 9.30a 3.70ab 7.16a 15.90a 4.09ab 
2000 ppm 2.86abcd 8.50a 2.76abc 3.25bc 11.50b 3.18ab 
3000 ppm 2.10abcd 7.60a 2.46bc 2.44bc 9.72bc 2.82abc 
4000 ppm 1.26cd 6.30a 0.70 d 1.25bc 7.60cd 0.78d 

LSD at 5 %  2.57 3.41 1.09 3.58 2.60 1.58 

 
 

Refrenes 
 
Abdel-Mawgoud, A.M. R., 2017. Soil and Foliar Applications of Glycinebetaine Ameliorate Salinity 

Effects on Squash Plants Grown under Bahraini conditions. Middle East J of Agric Res., 6(2), 315-
322. 

Abdel-Mawgoud, A.M.R., M.A. El-Nemr, A.S.Tantawy and Habib, H. A. (2010). Alleviation of salinity 
effects on green   bean plants using some environmental friendly materials. Jornal of Applied 
Sciences Research, 6(7), 871-878. 

Abbas, W., Ashraf, M., & Akram, N. A. (2010). Alleviation of salt-induced adverse effects in eggplant 
(Solanum melongena L.) by glycinebetaine and sugarbeet extracts. Scientia horticulturae, 125(3), 
188-195. 

Allard, F., Houde, M., Kroel, M., Ivanov, A., Huner, N. P. A., & Sarhan, F. (1998). Betaine improves 
freezing tolerance in wheat [Triticum aestivum]. Plant and Cell Physiology (Japan) ISSN : 0032-
0781. 

Ashraf, M.F.M.R., and M. Foolad, 2007. Roles of glycine betaine and proline in improving plant abiotic 
stress resistance. Environmental and experimental botany, 59(2): 206-216. 

Beauchamp, C. and I. Fridovich, 1971. Superoxide dismutase: improved assays and an assay applicable 
to acrylamide gels. Analytical biochemistry, 44(1): 276-287. 

Demiral, T. and I. Türkan, 2004. Does exogenous glycinebetaine affect antioxidative system of rice 
seedlings under NaCl treatment? Journal of plant physiology, 161(10):1089-1100. 

El-Azm, N. A. A., & Youssef, S. M. S. (2015). Spraying potassium silicate and sugar beet molasses on 
tomato plants minimizes transpiration, relieves drought stress and rationalizes water use. Middle 
East Journal of Agriculture Research, 4(4), 1047-1064 

Gadallah, M.A.A., 1999. Effects of proline and glycinebetaine on Vicia faba responses to salt stress. 
Biologia plantarum, 42(2):249-257. 

Giri, J., 2011. Glycinebetaine and abiotic stress tolerance in plants. Plant signaling & behavior, 6(11): 
1746-1751. 

Gupta, B. and B. Huang, 2014. Mechanism of salinity tolerance in plants: physiological, biochemical, 
and molecular characterization. International journal of genomics, 2014. 



Middle East J. Appl. Sci., 9(1): 142-154, 2019 
ISSN 2077-4613 

153 

Habib, N., M. Ashraf, Q. Ali and R. Perveen, 2012. Response of salt stressed okra (Abelmoschus 
esculentus Moench) plants to foliar-applied glycine betaine and glycine betaine containing 
sugarbeet extract. South African journal of botany, 83, 151-158. 

Hammerschmidt, R., E.M. Nuckles and J. Kuć, 1982. Association of enhanced peroxidase activity with 
induced systemic resistance of cucumber to Colletotrichum lagenarium. Physiological Plant 
Pathology, 20(1):73-82. 

Hegazi, A.M., A.M. El-Shraiy and A.A. Ghoname, 2015. Alleviation of salt stress adverse effect and 
enhancing phenolic anti-oxidant content of eggplant by seaweed extract. Gesunde Pflanzen, 67(1): 
21-31. 

Hegazi, A.M. A.M. El-Shraiy and A.A. Ghoname, 2017. Mitigation of salt stress negative effects on 
sweet pepper using arbuscular mycorrhizal fungi (AMF), Bacillus megaterium and 
brassinosteroids (BRs). Gesunde Pflanzen, 69(2): 91-102. 

Heuer, B., 2003. Influence of exogenous application of proline and glycinebetaine on growth of salt-
stressed tomato plants. Plant Science, 165(4): 693-699. 

Hu, L., T. Hu, X. Zhang, H. Pang and J. Fu, 2012. Exogenous glycine betaine ameliorates the adverse 
effect of salt stress on perennial ryegrass. Journal of the American Society for Horticultural 
Science, 137(1): 38-46. 

Kanechi, M., Y. Hikosaka and Y. Uno, 2013. Application of sugarbeet pure and crude extracts 
containing glycinebetaine affects root growth, yield, and photosynthesis of tomato grown during 
summer. Scientia Horticulturae, 152, 9-15. 

Kaya, C., D. Higgs, F. Ince, B.M. Amador, A. Cakir and E. Sakar, 2003. Ameliorative Effects of 
Potassium Phosphate on Salt‐Stressed Pepper and Cucumber. Journal of Plant Nutrition, 26(4): 
807-820. 

Khalid, A., Z. U. Zafar, A. Akram,  K. Hussain, H. Manzoor, F. Al-Qurainy and M.A. Ashraf, 2015. 
Photosynthetic capacity of canola (Brassica napus L.) plants as affected by glycinebetaine under 
the salt stress. Journal of Applied Botany and Food Quality, 88(1) 78 – 86.. 

Khan, W., B. Prithiviraj and D.L. Smith, 2003. Photosynthetic responses of corn and soybean to foliar 
application of salicylates. Journal of plant physiology, 160(5): 485-492. 

Kishitani, S., K. Watanabe, S. Yasuda, K. Arakawa  and T. Takabe, 1994. Accumulation of 
glycinebetaine during cold acclimation and freezing tolerance in leaves of winter and spring barley 
plants. Plant, Cell & Environment, 17(1): 89-95. 

Koller, D. and T.T. Kozlowski, 1972. Environmental control of seed germination. Seed biology, 2. 
Mäck, G., Hoffmann, C. M. and B. Märländer, 2007. Nitrogen compounds in organs of two sugar beet 

genotypes (Beta vulgaris L.) during the season. Field Crops Research, 102(3): 210-218. 
Mäkelä, P., 2004. Agro-industrial uses of glycinebetaine. Sugar Tech., 6(4): 207-212. 
Mäkelä, P., M. Kontturi, E. Pehu and S. Somersalo, 1999. Photosynthetic response of drought‐and salt‐

stressed tomato and turnip rape plants to foliar‐applied glycinebetaine. Physiologia Plantarum, 
105(1): 45-50. 

Mäkelä, P., K. Jokinen, M. Kontturi, P. Peltonen-Sainio, E. Pehu and S. Somersalo, 1998. Foliar 
application of glycinebetaine-a novel product from sugar beet-as an approach to increase tomato 
yield. Industrial Crops and Products, 7(2-3): 139-148. 

Montavon, P., K.R. Kukic and K. Bortlik, 2007. A simple method to measure effective catalase 
activities: optimization, validation, and application in green coffee. Analytical biochemistry, 
360(2): 207-215. 

Osman, H. S. and B.B. Salim, 2016. Influence of exogenous application of some phytoprotectants on 
growth, yield and pod quality of snap bean under NaCl salinity. Annals of Agricultural Sciences, 
61(1):1-13. 

Peters, W., E. Beck, M. Piepenbrock, B. Lenz and J.M. Schmitt, 1997. Cytokinin as a negative effector 
of phosphoenolpyruvate carboxylase induction in Mesembryanthemum crystallinum. Journal of 
plant physiology, 151(3): 362-367. 

Rahman, M.S., H. Miyake and Y. Takeoka, 2002. Effects of exogenous glycinebetaine on growth and 
ultrastructure of salt-stressed rice seedlings (Oryza sativa L.). Plant Production Science, 5(1), 33-
44. 



Middle East J. Appl. Sci., 9(1): 142-154, 2019 
ISSN 2077-4613 

154 

Raza, S. H., H.U.R. Athar and M. Ashraf, 2006. Influence of exogenously applied glycinebetaine on 
the photosynthetic capacity of two differently adapted wheat cultivars under salt stress. Pakistan 
Journal of Botany, 38(2): 341-351. 

Sharma, S.K., R.S. Singh and R. Bhargava, 2013. Arid Horticulture: An Overview. Annals of Arid 
Zone, 52(3&4): 251-264. 

Sakamoto, A.  and N. Murata, 2002. The role of glycine betaine in the protection of plants from stress: 
clues from transgenic plants. Plant, Cell & Environment, 25(2):163-171. 

Shi, Q., Z. Bao, Z. Zhu, Q. Ying and Q. Qian, 2006. Effects of different treatments of salicylic acid on 
heat tolerance, chlorophyll fluorescence, and antioxidant enzyme activity in seedlings of Cucumis 
sativa L. Plant growth regulation, 48(2), 127-135. 

Snedecor, G.W. and W.G. Cochran, 1967. Statistical methods. 6th Edition, Ames, Iowa, the Iowa state 
University. 

Troll, W.,  and  J. Lindsley, 1955. A photometric method for the determination of proline. J Biol chem, 
215(2), 655-660. 

Wang, G. P., X.Y. Zhang, F. Li, Y. Luo and W. Wang, 2010. Over accumulation of glycine betaine 
enhances tolerance to drought and heat stress in wheat leaves in the protection of photosynthesis. 
Photosynthetica, 48(1): 117-126. 

Xing, W. and C.B. Rajashekar, 2001. Glycine betaine involvement in freezing tolerance and water stress 
in Arabidopsis thaliana. Environmental and Experimental Botany, 46(1): 21-28. 

Xu, C.X., Y.L. Liu, Q.S. Zheng and Z.P. Liu, 2006. Silicate improves growth and ion absorption and 
distribution in aloe vera under salt stress. Zhi wu sheng li yu fen zi sheng wu xue xue bao= Journal 
of plant physiology and molecular biology, 32(1): 73-78. 

Yang, X., and C. Lu, 2005. Photosynthesis is improved by exogenous glycinebetaine in salt‐stressed 
maize plants. Physiologia Plantarum, 124(3): 343-352. 

Yildirim, E., M. Ekinci, M. Turan, A. Dursun,  R. Kul and F. Parlakova, 2015. Roles of glycine betaine 
in mitigating deleterious effect of salt stress on lettuce (Lactuca sativa L.). Archives of Agronomy 
and Soil Science, 61(12):1673-1689. 

Zhou, S.F., X.Y. Chen, X.N. Xue, X. G. Zhang and Y.X. Li, 2007. Physiological and growth responses 
of tomato progenies harboring the betaine alhyde dehydrogenase gene to salt stress. Journal of 
Integrative Plant Biology, 49(5): 628-637. 




