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ABSTRACT 
A study was conducted to investigate the effect of 

presoaking of sugar beet (Beta vulgaris L.) seeds 
(polygerm) with gibberellic acid, abscisic acid, or ascorbic 
acid on alleviation of salt stress at seedling stage. The 
salinity levels of irrigation solution were 0, 25, 50 and 100 
mM NaCl and the presoaking treatments were water as a 
control, 10 µM GA3, 10 µM ABA, and 0.5 mM ASA for 12 
hrs. Seeds were sown in plastic pot containing 0.8 Kg pre-
washed sand and irrigated three times weekly by 100 mL 
per pot of one-tenth modified Hoagland solution containing 
the salt level. After seven weeks from sowing, the whole 
plants were collected. The results indicated that increasing 
salt concentration decreased the fresh and dry weight of 
whole plant, shoot and root, and shoot height of all 
presoaking treatments. However, shoot/root ratio on fresh 
and dry weight basis and moisture content of whole plant, 
shoot and root, chlorophyll content index, and electrolyte 
leakage were increased with increasing salt concentration 
of all presoaking treatments. However, presoaking of sugar 
beet seeds (polygerm) with the GA3, ABA, or ASA showed 
no significant effect to alleviation salt stress on sugar beet 
seedlings. However, the interaction between salt levels and 
presoaking treatments was significant for whole plant and 
root fresh and dry weights, shoot/root ratio on fresh weight 
basis, whole plant and root moisture content and 
chlorophyll content index, while nonsignificant for shoot 
fresh and dry weights, shoot height, shoot/root ratio on dry 
weight basis, shoot moisture content and electrolyte 
leakage. 

Keywords: Salt stress, sugar beet, gibberellic acid, 
abscisic acid, ascorbic acid, presoaking. 

INTRODUCTION 
Salinity in soil or water is one of the major abiotic 

stress especially in arid and semi- arid regions and can 
severely limit crop production (Shannon, 1998). The 
high salt concentrations interfere with seed germination 
and crop establishment (Fowler, 1991). Germination and 
seedling characteristics are the most viable criteria used 
for selecting salt tolerance in plants (Boubaker, 1996). 
Salinity stress can affect seed germination through 
osmotic effects (Welbaum et al., 1990). Sugar beet 
(Beta vulgaris L.), a member of the Chenopodiaceae, is 
a long-day biennial plant grown almost exclusively as a 
source of sucrose. However, following sucrose 
extraction, the plant pulp often enriched with molasses 
that provides a high energy animal feed. Except for 

during the early growth stages following stand 
establishment, the plant is quite tolerant to salinity 
(Katerji et al., 1997). It has been reported that sugar beet 
yield decrease is 0 percent at an ECe of 7 dS/m, 50 
percent at ECe of 15 dS/m, and 100 percent at ECe of 
24 dS/m (Ayers and Westcot, 1985). However, during 
early growth stages of sugar beet the ECe should not 
exceed 3 dS/m (Steduto et al., 2012). It has been 
reported that presoaking of seed with optimal 
concentration of plant hormones and growth regulators 
have been used intensively for increasing salt-tolerance 
of plants (Plaut et al., 2013). 

Ascorbic acid (ASA) is regarded as one of the most 
effective growth regulators against abiotic stresses 
especially high salinity (Batool el al., 2012). Azooz et 
al. (2013) showed that application of ascorbic 
acid through seed soaking enhanced plants growth by 
increasing germination percentage, root and shoot fresh 
and dry weights, chlorophyll content and osmolytes 
accumulation. They found that pretreatment with ASA 
reduced salt induced adverse effects and resulted in a 
significant increment of growth and yield. 

Gibberellic Acid (GA3) is the most important growth 
hormone which increases cell growth and elongation, 
promotes seed germination, increases the size of leaves 
that enables greater photosynthesis and plant 
metabolism and ultimately increases plant or crop yield 
under normal as well as stress condition. GA3 is used to 
revive the plants suffering from salt stress by 
overcoming the adverse effects of the salt stress on 
germination (Amal and Heba, 2014). Jamil and Rha 
(2007) reported that soaking sugar beet seeds with GA3 
alleviated the adverse effect of salt stress on plant 
growth expressed in terms of roots and shoots lengths 
and fresh weights. Gibberellic acid and Kinetin have 
been reported to increase percentage germination and 
seedling growth (Kaur et al., 1998). 

Hence, the present study was carried out in order to 
investigate the effectiveness of three growth stimulators 
(GA3, ABA or ASA) on ameliorating the adverse effect 
of salinity stress on sugar beet during early growth stage. 

MATERIALS AND METHODS 
A pot experiment was carried out during March 2016 

at Etay Elbaroud Agric. Res. Center, Ministry of 
Agriculture and Land Reclamation (MALR), El Beheira 
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Governorate, Egypt to investigate the effect of 
presoaking of seeds of sugar beet (Beta vulgaris L., cv. 
Gazelle, polygerm) imported from Denmark with 
gibberellic acid (GA3), abscisic acid (ABA), ascorbic 
acid (ASA), or distilled water on alleviation salt stress. 
A randomized complete block design in a split-plot 
array with three replicates was used. The main plot was 
salt levels (0, 25, 50 and 100 mM NaCl) and the sub-
plot was presoaking treatments (distilled water as a 
control, 10 µM GA3, 10 µM ABA, and 0.5 mM ASA). 
Sugar beet seeds were soaked for 12 hours in water, 
GA3, ABA and ASA solutions after that 10 seeds were 
sown in plastic pots of 12 cm diameter and 9 cm depth, 
with holes in the bottom for drainage of excess water, 
containing 0.8 Kg pre-washed quartz sand of size 
fraction between 0.25 and 1 mm (Hewitt, 1966). Each 
pot was irrigated three times per week with 100 mL of 
irrigation solution. The irrigation solution contains both 
one-tenth strength modified Hoagland and Arnon 
nutrient solution (Hewitt, 1966), and the tested salt 
levels (0, 25, 50 or 100 mM NaCl). The concentrations 
of macronutrients in the irrigation solution were 16.87, 
8.47, 11.92, 29.99, 12.00, 4.78, and 6.38 mg L-1 for N-
NO3, N-NH4, P, K, Ca, Mg, and S, respectively. The 
concentrations of micronutrients in the irrigation 
solution were 0.50, 0.11, 0.05, 0.01, 0.01 and 0.005 mg 
L-1 for Fe, Mn, B, Zn, Cu and Mo, respectively (Hewitt, 
1966). The number of plants per pot was kept to four 
thinned 14 days after sowing.  

The chlorophyll content index of fully expanded 
leaves were measured by the chlorophyll meter device 
(SPAD-502, Minolta, Japan) before collecting plants. 
After seven weeks from sowing, the whole plants were 
collected. The fresh seedlings were subjected to washing 
by tap water then by distilled water (Hewitt, 1966). The 
seedlings were then separated into shoots and roots and 
the fresh weight of shoots and roots and shoot height 
were measured.  

The membrane damage was assessed by measuring 
the leakage of electrolytes from leaf discs according to 
Mishra and Choudhuri, (1999), where leaf discs (10 mm 
in diameter) were cut from the leaf blade, avoiding 
major veins, and thoroughly rinsed, placed in 2 ml of 
distilled water and kept in the dark for 24 hrs before 
measuring the electrical conductivity of the solution 
which was carried out by JENWAY 4510 Conductivity 
Meter. 

The plant samples were then dried at 70ᵒC for 48 
hours and the dry weight of shoots and roots were 
measured. The shoot/root ratio, on fresh and oven-dried 
weight basis, was calculated. 

The obtained results were submitted to analysis of 
variance using the CoStat statistical analysis software 

(CoStat 6.400). Differences among means were 
identified using Fisher’s Least Significant Difference 
(LSD) test at the 0.05 probability level. 

RESULTS AND DISCUSSION 
Growth of whole plant  

Table 1 showed that increasing salt concentration 
from zero to 100 mM NaCl significantly (p < 0.01) 
decreased the whole fresh weight of sugar beet 
seedlings. The values of the relative decrease were in the 
order; 4.9, 31.3 and 41.4 % for 25, 50, and 100 mM 
NaCl levels, respectively as compared to the control (0 
mM NaCl). On the other hand, the whole plant fresh 
weight insignificantly affected by the different 
presoaking treatments under different salt levels. The 
interaction between salt levels and presoaking 
treatments was significant (p < 0.01) with respect to 
whole plant fresh weight (Fig. 1). The highest whole 
plant fresh weight (2.74 g/plant) was obtained at 25 mM 
NaCl and presoaking with ASA while the lowest value 
(1.33 g/plant) was obtained at 100 Mm NaCl and 
presoaking with water. Increasing salinity levels 
significantly (p < 0.01) decreased the whole plant dry 
weight of sugar beet seedlings with all presoaking 
treatments (Table 1). The mean values of relative 
decrease, with respect to whole plant dry weight, under 
all presoaking treatments and with increasing salinity 
levels, were 11.3, 32.5, and 48.3 % at 25, 50, and 100 
mM NaCl, respectively compared to the control. It is 
clear, therefore, that the presoaking treatments had no 
significant effect on whole plant dry weight under 
different salinity levels. However, the interaction 
between salinity levels and presoaking treatments had 
significant (p < 0.05) effect on the whole plant dry 
weight of sugar beet seedlings (Fig. 2). The highest 
whole plant dry weight (0.41 g/plant) was obtained with 
0 mM NaCl and presoaking with water (the control 
treatment) while the lowest value (0.18 g/plant) was 
obtained with 100 mM NaCl and presoaking with water. 
Growth of shoots 

Increasing salt concentration (more than 25 mM 
NaCl) decreased significantly (p < 0.05) the shoot fresh 
weight of all presoaking treatments (Table 1). The 
values of relative decrease in shoot fresh weight with 
increasing salinity levels of all presoaking treatments 
were 7.7, and 14.1 % with 50, and 100 mM NaCl, 
respectively as compared to the control. However, there 
were no significant differences between presoaking 
treatments with respect to shoot fresh weight under 
different salt levels. Moreover, there were also no 
significant differences, with respect to shoot fresh 
weight between the interaction of salinity and 
presoaking treatments. 
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Table 1 showed that shoot dry weight of sugar beet 

seedlings decreased significantly (p < 0.01) with the 
increase of salt concentrations with all presoaking 
treatments, since the values of relative decrease, in shoot 
dry weight due to increasing salinity levels of all 
presoaking treatments, were 2.2, 12.1, and 21.5 % at 25, 
50, and 100 mM NaCl, respectively as compared to the 
control. On the other hand, there were no significant 
differences between presoaking treatments with respect 
to shoot dry weight under salt stress. In addition, there 
were also no significant differences were observed 
between the interaction of salinity and presoaking 
treatments with respect to shoot dry weight.  

 
 
 
 

Growth of roots 
Increasing salt concentration decreased significantly 

(p < 0.01) the root fresh weight of sugar beet seedlings 
with all presoaking treatments (Table 1 and Fig. 3). The 
mean values of relative decrease, in root fresh weight 
due to increasing salinity with all presoaking treatments, 
were 14.6, 55.2, and 69.3 % at 25, 50, and 100 mM 
NaCl, respectively as compared to the control. It is also 
clear that presoaking treatments had no significant effect 
on root fresh weight of sugar beet seedlings under 
different salinity levels. However, the interaction 
between salinity and presoaking treatments had 
significant effect (p < 0.01) on root fresh weight, where 
the highest weight (1.53 g fresh root/plant) was obtained 
with 0 mM NaCl and presoaking with water (the 
control) while the lowest weight (0.33 g fresh root/plant) 
was obtained with 100 mM NaCl and presoaking with 
ABA.  

Table 1. The growth characters of sugar beet as influenced by salinity levels and different presoaking 
treatments 

Fresh weight (g plant-1)  Dry weight (g plant-1)  Shoot/Root ratio Treatment 
Whole Shoot Root  Whole Shoot Root  F. W. D. W. 

Salinity levels (mM NaCl) 
0 2.40 1.21 1.19  0.37 0.16 0.20  1.09 0.80 

25 2.28 1.27 1.02  0.32 0.16 0.17  1.29 0.96 
50 1.65 1.12 0.53  0.25 0.14 0.10  2.25 1.38 

100 1.41 1.04 0.37  0.19 0.13 0.06  2.93 2.06 
LSD 0.12 0.12 0.11  0.03 0.01 0.02  0.43 0.13 

presoaking treatments 
Water 1.93 1.12 0.80  0.29 0.15 0.14  1.97 1.30 
GA3 1.85 1.12 0.73  0.27 0.14 0.13  1.79 1.27 
ABA 1.97 1.17 0.80  0.28 0.15 0.13  1.92 1.30 
ASA 2.00 1.23 0.77  0.28 0.15 0.13  1.87 1.33 
LSD ns ns ns  ns ns ns  ns ns 

 

 Fig. 1. The relation between salinity levels and the 
whole plant fresh weight of sugar beet with different 
presoaking treatments 

 Fig. 2. The relation between salinity levels and the 
whole plant dry weight of sugar beet with different 
presoaking treatments 
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 Fig. 3. The relation between salinity levels and the 
root fresh weight of sugar beet at different 
presoaking treatments 

 Fig. 4. The relation between salinity levels and the 
root dry weight of sugar beet at different presoaking 
treatments 

The root dry weight of sugar beet seedlings 
decreased significantly (p < 0.01) with increasing salt 
concentrations in the irrigation solution (Table 1 and 
Fig. 4). The mean value of relative decrease, in root dry 
weight due to increasing salinity with all presoaking 
treatments, were 18.6, 48.7, and 69.6 % at 25, 50, and 
100 mM NaCl, respectively as compared to the control. 
On the other hand, there were no significant differences 
between presoaking treatments with respect to root dry 
weight under different salt levels. However, there were 
significant differences (p < 0.01) between the interaction 
of salinity and presoaking treatments on root dry weight. 
The highest root dry weight (0.23 g dry root/plant) was 
obtained with 0 mM NaCl and presoaking with water 
while the lowest weight (0.06 g dry root/plant) was 
obtained with 100 mM NaCl and with all presoaking 
treatments. 

The obtained results are in agreement with found by 
Al-sahil, (2016), who found that seed presoaking 
treatments of cucumber with gibberellic and salicylic 
acids were recorded nonsignificant for seedling length, 
fresh and dry weights under induced salt stress. Jamil 
and Rha (2007) found that increase in salt 
concentrations of the growth medium of sugar beet 
caused a significant reduction in mean fresh weights of 
whole plant, roots and shoots, while soaking plant seeds 
with GA3 had alleviated the adverse effect of salt stress. 
The depressive effect of salinity on plant growth is 
probably due to osmatic inhibition of water absorption, 
accumulation of certain ions in high concentration in 
plant tissues and alteration of the mineral balance of 
plants (Khafagi and El-Lawandy, 1996), and/or due to 
the reduction in photosynthetic activity and 
carbohydrates metabolism (Heuer and Plaut, 1989). The 
decrease in dry matter accumulation is mainly due to 
increase in Na+ and Cl- under high salt stress causing a 
reduction in the activity of CO2–fixation during 
photosynthesis and a decrease in the enzymatic activity 
of the metabolic processes (Ahmed, 1987). 
Shoot/root ratio 

Increasing salt concentrations significantly (p < 
0.01) increased shoot/root ratio on both fresh and dry 
weight basis (Table 1), while there were no significant 
effect due to different presoaking treatments on 
shoot/root ratio on both fresh and dry weight basis under 
all salinity levels. However, the interaction between 
salinity and presoaking treatments showed significant 
effect (p < 0.05) on fresh weight basis but not on dry 
weight basis. Increasing values of shoot/root ratio with 
increasing salinity levels indicating that the reduction in 
root growth was greater than that in shoot. This indicates 
that roots of sugar beet had adversely affected by 
salinity more than shoots. It is also clear that the values 
of shoot/root ratio were higher on fresh weight basis 
than on dry weight basis. This is due to higher water 
content in shoots than in roots. These results agree with 
found by Jamil et al. (2006) who reported that salt stress 
inhibited the growth of roots more than shoots of sugar 
beet. Demir and Arif (2003) obtained very close results 
with respect to the effect of salinity on seedling growth 
of safflower. 
Shoot height 

Increasing salt concentrations significantly                     
(p < 0.01) decreased the shoot height of sugar beet 
seedlings with all presoaking treatments (Table 2). The 
mean value of relative decrease in shoot height with 
increasing salinity were 9.6, 12.7, and 20.6 % at 25, 50, 
and 100 mM NaCl, respectively as compared to the 
control. On the other hand, there were significant 
differences between presoaking treatments with respect 
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to shoot height under salt levels. However, there were 
no differences between the interaction of salinity and 
presoaking treatments on shoot height. Jamil and Rha 
(2007) found that the increase of salt concentration in 
the growth medium of sugar beet caused a strong 
inhibition of the average length of root and shoot due to 
all treatments with or without GA3. 
Moisture content 

Increasing salt concentrations treatments 
significantly (p < 0.05) increased whole plant moisture 
content (Table 2). Also, there were significant effect (p 
< 0.01) of salinity and presoaking interaction on whole 
plant moisture content (Fig. 5). However, there were no 
significant effect of presoaking treatments on whole 
plant moisture content under the studied salt levels. 
Also, increasing salinity significantly (p < 0.01) 
increased shoot moisture content of sugar beet seedlings 
with all presoaking treatments (Table 2). Moreover, 
there were significant effect (p < 0.05) of presoaking 
treatments on shoot moisture content under the tested 
salt levels, while there were no differences for shoot 
moisture content between the interaction of salinity and 
presoaking treatments. On the other hand, increasing salt 
levels had no significant effect on root moisture content 
with all presoaking treatments, and also presoaking 
treatments had no significant effect on root moisture 
content under increasing salt levels. However, the 
interaction between salt concentrations and presoaking 
treatments had significant effect on root moisture 
content (Fig. 6).  

As shown in Table 2 the moisture content in shoots 
was almost higher than in roots. Thus, it is clear that as 
salt level increases moisture contents of whole plant, 
shoot and root of sugar beet seedlings were increased. 
These data indicate that sugar beet plant can tolerate the 
adverse effects of salt stress by increasing its 

succulence. This means that the plant had increased both 
shoot and root volumes by increasing their moisture 
contents more than its effect on dry the biomass content 
as a result of increasing salt levels. These results are in 
agreement with those reported by Elsokkary et al. 
(2010, 2011) who found that treatment of pea plant 
grown in sand culture under salinity stress by gibberellic 
acid had increased the moisture content in the plant. 
Also, Elsayed et al. (2016) who reported that increasing 
salinity increased moisture content of different broad 
bean cultivars. 
Chlorophyll content index 

Increasing salt concentrations increased significantly 
(p < 0.01) chlorophyll content index in leaves of sugar 
beet seedlings with all presoaking treatments (Table 2). 
The mean values relative increase in chlorophyll content 
index of all presoaking treatments with increasing salt 
levels were 8.2, 26.8, and 43.7 % at 25, 50, and 100 mM 
NaCl, respectively as compared to the control. However, 
presoaking treatments had no significant effect on 
chlorophyll content index under salt stress. The 
interaction between salt levels and presoaking 
treatments had significant effect (p < 0.01) on 
chlorophyll content index (Fig. 7). The highest 
chlorophyll content index value (49.4 SPAD) was 
obtained with 100 mM NaCl and presoaking with GA3, 
while the lowest value (32.9 SPAD) was obtained with 0 
mM NaCl and presoaking with ASA. These results are 
in agreement with those reported by Dadkhah (2011) 
who found that leaf chlorophyll content of two sugar 
beet cultivars increased with increasing salinity. Nieman 
(1962) observed that plant species differed in their 
response to salinity with respect to chlorophyll content 
in plant leaves of turnip and cabbage where chlorophyll 
content had increased due to salinity while in wheat, 
increasing salinity decreased total chlorophyll content. 

Table 2. The shoot height, chlorophyll content index, electrolyte leakage and moisture contents of sugar beet as 
influenced by salinity levels and presoaking treatments 

Moisture content (%)  Treatment Shoot height (cm) Whole Shoot Root  
Chlorophyll content index (SPAD value) 

Electrolyte leakage  (µScm-1) 
Salinity levels  (mM NaCl) 0 6.94 84.7 86.6 82.1  33.9 200.4 25 6.28 85.6 87.4 83.0  36.7 891.8 50 6.06 85.0 87.3 79.3  43.0 1737.5 100 5.51 86.5 87.8 82.7  48.7 2424.3 LSD 0.52 0.9 0.5 ns  2.5 544.6 Presoaking treatments Water 6.16 85.0 86.6 80.8  41.4 1050.7 GA3 6.22 85.3 87.2 81.8  39.6 1581.5 ABA 6.25 85.7 87.4 82.2  40.3 1209.1 ASA 6.16 85.8 87.8 82.2  41.0 1412.9 LSD ns ns 0.7 ns  ns ns 



Elsayed A. A. Abdelraouf: Effect of Presoaking Sugar Beet (Beta Vulgaris L.) Seeds with Gibberellic, Abscisic … 79 
 

Membrane damage 
Increasing salt levels in the growth medium 

increased significantly (p < 0.01) membrane damage 
where the leakage of electrolyte from the leaf cells were 
increased by increasing salinity with all presoaking 
treatments (Table 2). The mean values of relative 
increase in electrolyte leakage of all presoaking 
treatments with increasing salinity were 345.0, 767.0, 
and 1109.7 % at 25, 50, and 100 mM NaCl, respectively 
as compared to the control. However, there were no 
significant effect of presoaking treatments on membrane 
damage under salt stress. Also, there were no significant 
effect of the interaction between salt levels and 
presoaking treatments on membrane damage of sugar 
beet seedlings. Salt stress induced electrolyte leakage 
has been previously observed in maize (Hichem et al., 
2009). Very close results were obtained in tomato by 
Kaya et al. (2001a) and in cucumber and pepper Kaya et 
al. (2001b). 

 Fig. 5. The relation between salinity levels and the 
whole plant moisture content of sugar beet at 
different presoaking treatments 

 Fig. 6. The relation between salinity levels and the 
root moisture content of sugar beet at different 
presoaking treatments 

 Fig. 7. The relation between salinity levels and the 
chlorophyll content index of sugar beet at different 
presoaking treatments 

CONCLUSION 
Increasing salinity stress decreased growth 

parameters of sugar beet (Beta vulgaris L., cv. Gazelle) 
at seedling growth stage. However, the shoot/root ratio, 
moisture content of both whole plant, shoot and root, 
chlorophyll content index and electrolyte leakage were 
increased with increasing salt concentration of all 
presoaking treatments. Presoaking polygerm seeds of 
Gazelle sugar beet cultivar with each of growth 
regulator (GA3, ABA or ASA) at the studied 
concentrations and time of soaking had no significant 
effect on alleviation of salinity stress on seedlings.              
On the other hand, the interaction between salinity stress 
and presoaking treatments was significant for whole 
plant and root fresh and dry weights, shoot/root ratio on 
fresh weight basis, whole plant and root moisture 
content and chlorophyll content index, while 
nonsignificant for shoot fresh and dry weights, shoot 
height, shoot/root ratio on dry weight basis, shoot 
moisture content and electrolyte leakage. 
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