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ABSTRACT 

 
Increasing salinity tolerance in sugar beet would markedly increase sugar yields in many irrigated areas. 

The aim of this study was to determine the effect of exposing direct seed sowing (DSS) or transplanting (T) 
seven-week old seedlings of sugar beet plants cv. TOP to five NaCl salinity levels (control, 50, 120, 190 and 
260 mM) in nutrient solutions on the physiological, vegetative and yield responses in pot experiments.  
Statistical analysis revealed that increasing NaCl salinity caused a significant increase in leaf chlorophyll 
content and leaf succulence for juvenile and adult leaves while decreasing leaf area of juvenile and adult leaves 
and K/Na ratio in leaf blade, petioles and roots after 12 weeks of sowing date as well as root and sugar yields at 
harvesting time for both method of sowing (DSS and T). Moreover, water use efficiency and water consumption 
were gradually decreased with increasing NaCl salinity levels. Water use efficiency was decreased more sharply 
for direct seed sowing than for transplanting method. Increasing salinity levels induced a marked reduction of 
water consumption (21%) recorded by transplanting compared with direct seed sowing under control treatment. 
Using NaCl salinity level of 50 mM significantly reduced root and sugar yields by 63, 58% and 13, 10% for 
direct seed sowing and transplanting methods, respectively, compared with the control treatment. Increasing 
NaCl salinity level to 120 mM sharply reduced yields for direct seed sowing around 97% and 95% for root and 
sugar yields, respectively, meanwhile this reduction reached around 52% and 47% for transplanting method, 
respectively, compared with control treatment. In addition, no further growing was detected for direct seed 
sowing under NaCl salinity levels of 190 and 260 mM. Meanwhile the transplanted beet plants survived and 
grow till the salinity level of 260 mM.  

 
Key words: Salinity tolerance, Sowing methods, Germination percentage, Vegetative growth, Root and sugar  
                    yields, K/Na ratio and Water use efficiency.    

 
Introduction 

 
Salinity is the major environmental stress factor limiting plant growth and productivity in arid and semiarid 

regions (Parida and Das, 2005). Most of the crops cannot survive under conditions of high salinity or can 
survive only with decreased yields. There are three main physiological mechanisms inducing stress under 
salinity conditions: a) lower water potential of the root medium; b) toxic effects of Na+ and Cl– and c) nutrient 
imbalance by depression in uptake and/or shoot transport (Marschner, 1995). High concentrations of salt impose 
both osmotic and ionic stresses on the plants which lead to several morphological and physiological changes 
(Munns and Tester, 2008). Overcoming salt stress problems would have a positive impact on agriculture 
production.  

Sugar beet is one of the main sugar crops around the world and about one-quarter of world sugar production 
is extracted from beet and the remainder from cane. It has been introduced to Egypt as a new sugar crop in 1982 
and cultivated in approximately 17.000 feddans. By the year 2009, beet cultivation area is expanding to reach 
about 233.250 feddans according to Ministry of Agriculture Statistics, because beet is one of the most lucrative 
winter crops, especially in newly reclaimed lands. 

Sugar beet is one of the most salt tolerant crops and it cultivated mainly in saline soils. But it is reported to 
be relatively sensitive to salinity during seed germination, emergence and in the seedling stage as compared with 
later stages of growth (Maas, 1986; Marschner, 1995 and Ghoulam and Fares, 2001). Durr and Boiffin (1995) 
reported that early season growth (the first 10 weeks) is critical to stand establishment in sugar beet. In sugar 
beet, effects of salinity on germination and early growth are a specific effect of ionic toxicity and not principally 
due to osmotic adjustment (Ghoulam and Fares, 2001). However, sugar beet crop is tolerant to salinity after 
stand establishment stage. The mechanisms of salt tolerance are depended mainly on its ability to decrease root 
osmotic potential whereas, soluble sugars concentration in root play the main role for adjusting root osmotic 
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potential (Lindhauer et al., 1990 and Eisa and Ali, 2005). Deploying this diversity toward improving stand 
establishment is a long term goal, and may help reclaim the productivity of saline soils for general agriculture. 
In Egypt millions of feddans are suffered from salinity problem; the majority of salt-affected soils are located in 
northern Nile delta along with the Mediterranean coast, Sahl El-Tina area and some oasis like Fayoum.  

World wide Sugar beet transplanted on paper pot is commonly used, for example to avoid root rot 
(Kajiyama and Tanaka, 2000), for improving Bio-control management (Grondona et al., 2001) and for reducing 
fertilizer rates and increasing root yield (Gerne et al., 2000). 

Many studies have shown that the fresh and dry weights of the shoot system are highly affected, either 
negatively or positively, by increasing salinity concentration depends on plant species (Taffouo et al., 2010), 
while leaf area was negatively affected by increasing the concentration of NaCl (Zhao et al., 2007 and  Yilmaz 
and Kina, 2008). Also it was noticed that there is a direct relationship between the decrease in plant length and 
the increase in the concentration of NaCl (Jamil et al., 2007 and Rui et al., 2009).  

Moreover, the over all vegetative growth parameters of sugar beet varieties were reduced with increasing 
salt concentration of irrigation water as reported by Yassen and Jurgees  (1998) and Mekki and El-Gazzar 
(1999). Such reduction may be due to osmotic stress which led to lower the external water potential or the 
effect of ion toxicity on metabolic processes (De-Herralde et al., 1998). 

The objectives of this research were to improve the salt tolerant of sugar beet as a strategic crop provides a 
sensible alternative to utilize marginal land and low quality water as well as examine the influence of method of 
sowing under different salinity levels on growth, productivity and physiological response of sugar beet.  
 
Material and Methods 

 
Two pot experiments were conducted under greenhouse conditions at Faculty of Agriculture, Ain Shams 

University, Cairo, Egypt during two successive winter growing seasons of 2009/2010 and 2010/2011 to 
compare the different between normal sowing method (direct seed) and transplanting of adult seedlings (7 
weeks old) as an alternative way to avoid the harmful effect of salt stress on sensitive growth stages 
(germination and early seedling growth) of sugar beet.  
 
Germination Test: 

 
Seed germination test was conducted to observe the influence of different NaCl concentrations on 

germination percentage of sugar beet seeds and on fresh weight of seedlings. Petri dishes (87 mm diameter, 15 
mm height) with a tight-fitting lid were used for this test. Seeds of sugar beet (Beta vulgaris L. var. altissima 
Doell) genotype TOP were sterilized by immersing in 5% (w/v) sodium hypochlorite for 15 min. and then 
washed five times with sterile distilled water. Twenty five seeds were germinated in a Petri dish containing a 
filter papers (Whatman No. 2), moistened with 3 ml of tap water or saline solution with concentrations of 17, 34, 
51, 68, 85, 102, 119, 136 and 153 mM NaCl. Each treatment was performed five times. Petri dishes were 
incubated at 24 ± 2 °C under dark conditions for two weeks. Afterwards the germination percentage as well as 
seedling fresh weight were estimated.  
 
Pot Experiments: 

 
Two sowing methods (transplanting using paper pots and direct seed) were examined under five salinity 

irrigation levels (control, 50, 120, 190 and 260 mM NaCl) in these experiments. Seeds of sugar beet, variety 
TOP, were sown on September 10th and 15th for the first and second seasons, respectively. Plastic pots used in 
this study were 35 and 27 cm upper and lower diameters, respectively, and 30 cm height, with bottom drainage 
holes. Each pot was filled with washed sandy soil. Pots were placed in a greenhouse in the above mentioned 
institute. 

As for the paper-pot method, the paper-pot plate as shown in Fig. (1) was initially stretched and fixed on a 
bottom drainage foam plate and placed in a greenhouse. The paper pot holes were filled with washed sand, and 
then three seeds per hole were sown and irrigated with tap water. After two weeks from sowing date seedlings 
were thinned to one per hole. At this time seedlings started to irrigate with Hoagland nutrient solution (Arnon 
and Hoagland, 1940). After seven weeks from sowing date, each individual paper-pot sack contain one plant, 
was separated and transplanted into the previously prepared pots which filled with washed sandy soil. Once 
seedlings transplanted, pots were started to irrigate with salt treatments till the end of the experiments. The 
characters of seven weeks old seedlings produced are presented in Table (1).  

As for direct seed sowing, three seeds were sown per pot. The pots were irrigated with tap water for the first 
two weeks then seedlings were thinned to one per pot. At this time seedlings started to receive salinity 
treatments with Hoagland nutrient solution till the 19 weeks from sowing date and the experiments were 
terminated after 22 weeks from sowing date.  
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Growth Parameters and Chemical Analysis: 
 
After twelve weeks from sowing date (12 weeks from direct seed sown as well as 5 weeks from 

transplanting date), five plants from each treatment were randomly selected and taken off from pots carefully 
and then transferred to the laboratory to record the following parameters:  

- Fresh weight of roots;   
- Total leaf area per plant as well as juvenile leaf area (the youngest full emergent leaf from the top) and 

adult leaf area (the oldest healthy green leaf);  
- Chlorophyll content in juvenile leaf and adult leaf was determined according (Arnon, 1949); 
- Leaf succulence was calculated using the following equation: 
 

2
( )

100
( )

   
Leaf mass g fresh weight

X
Leaf area cm

Leaf succulence   

 
- Potassium and sodium contents in leaf blades, petioles and roots were also determined in acid digested 

solution using flame photometer (JENWAY, PFP-7, ELE Instrument Co. Ltd., Essex, UK) according to 
Chapman and Pratt, (1982).  
 
Root and Sugar Yield Parameters:  

 
After twenty two weeks from sowing date (22 weeks from direct seed sown as well as 15 weeks from 

transplanting date), in both seasons of study root harvesting took place. Seven plants from each treatment were 
randomly taken to determine yield parameters as follow: 

- Root fresh yield;  
- Root sucrose percentage was measured according to Shaffer and Hartmann (1921); 
- Sugar yield per plant was calculated according to the following equation: 
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100
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- Water use efficiency (WUE) per plant was calculated according to the following equation: 

 

rsugar/liteg
plantperwaterReceived

plantperyieldSugar
efficiencyuseWater   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Diagrammatic sketch of the paper-pot plate.  
 
Table 1: The characters of sugar beet seven-week old seedlings produced via paper-pot plate before transplanting.  

Character Value 
Plant height (cm) 15 - 17 
Shoot fresh weight (g) 14 - 17 
Root fresh weight (g) 1.3 - 1.7 
Root diameter (mm) 0.8 - 0.9 
Number of true leaves 5 
Total soluble carbohydrates in root 30 - 34% 
Total soluble carbohydrates in shoots 0.9 - 1.1% 

31 cm 

60 cm

Paper-pot hole 

Foam 
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Experimental Design and Statistical Analysis: 
 
The pot experiments were arranged in a complete randomized design with six replications for each 

treatment. The obtained data were tabulated and subjected to statistical analysis using Statistical Analysis 
System (SAS). Mean separation of the combined data analysis for the two seasons were done using the least 
significant difference (LSD) at 5% level of probability for all the comparisons according to the method 
described by Snedecor and Cochran (1980).  
 
Results and Discussion 

 
Results: 
 
Germination Test: 

 
Data presented in Table (2) showed that the germination percentage of sugar beet seeds recorded the 

maximum percentage with tap water (control) and 17 mM of NaCl salinity level treatments. Meanwhile, the rest 
NaCl salinity levels dramatically decreased the germination percentage to record 40 and 4% at 68 and 136 mM 
NaCl, respectively. However, at 153 mM NaCl salinity seeds failed to germinate during the period of two 
weeks. On the other hand, the seedling fresh weight obviously reduced at 34 mM NaCl but, starting from 102 
mM NaCl, the seeds had failed to develop into seedling. Generally it could be demonstrated that the germination 
percentage and fresh root and shoot weights of sugar beet seedlings were strongly affected by all salt treatments. 
Strong reduction was observed mainly at the higher level of salt concentration compared to control. 
 
Table 2: Effect of NaCl salinity levels on germination percentage and seedling fresh weight (FW) after two weeks.  

Salinity levels (mM) Germination percentage (%) Seedling FW (g) 
Control 80 0.10 
17 80 0.11 
34 72 0.06 
51 60 0.05 
68 40 0.04 
85 24 0.04 
102 12 * 
119 8 * 
136 4 * 
153 - * 

-    Seeds failed to germinate. 
*  Germinated seed had failed to develop into seedling. 
 
Growth Parameters and Chemical Analysis: 

 
Growth parameters of sugar beet plants under different salinity levels were determined after twelve weeks 

from sowing date either for direct seed sowing (DSS) or transplanting (T) as shown in Table (3). It is of interest 
to note that root fresh weight (RFW) for direct seed sowing (DSS) significantly reduced by adding the first NaCl 
level (50 mM) to be 55.6% compared to control treatment. Meanwhile, no significant reduction in root fresh 
weight was observed at the same level of NaCl salinity, when sugar beet was transplanted. However, further 
increasing of NaCl level to 120 mM caused a significant decrease of root fresh weight for transplanting method. 
It is clear from the obtained results that the RFW of transplanting was two times more than that of RFW 
recorded by direct seed sowing at 50 mM NaCl salinity level. Moreover, the RFW value of transplanting method 
(44 g/plant) at 120 mM NaCl salinity level was significant than that value of direct seed sowing (36 g/plant) at 
50 mM NaCl salinity level. The results also indicated that, the RFW for transplanting method at 120 mM NaCl 
salinity level was around 13 times more than the RFW values recorded by direct seed sowing method at the 
same level of salinity. No further growing was recorded for DSS at 190 or 260 mM NaCl salinity levels. In case 
of transplanting the plant survived and grown till the 260 mM NaCl salinity (half of the seawater salinity level) 
and recorded a root yield higher around four times than that of DSS at 120 mM NaCl salinity level. 

Concerning total leaf area parameter, the obtained results clearly showed a significant decrease in total leaf 
area with increasing NaCl salinity levels for both sowing methods (DSS and T) as presented in Table (3). 
However, the values of total leaf area followed the same trends as root fresh weight, whereas the transplanting 
method was higher than direct seed sowing under all salinity treatments. Similar results of leaf area were 
obtained with both juvenile and adult leaves of sugar beet (Fig. 2).  
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Table 3: Effect of NaCl salinity levels on root fresh weight (RFW) and total leaf area (LA) of sugar beet plants after twelve weeks  
              from sowing date. 

Treatments RFW g/plant LA cm2/plant 
Sowing method 

Direct seed sowing (DSS) Transplanting (T) Direct seed sowing (DSS) Transplanting (T) 
NaCl salinity levels (mM) 
Control 81a 84a 1580b 1630a 
50 36c 79a 950e 1490c 
120 3.4f 44b 219h 1240d 
190 - 26d - 777f 
260 - 13e - 414g 

 
Regarding leaf succulence, result presented in Table (4) showed that there were gradually increments of leaf 

succulence with increasing salinity levels in both sowing methods as well as both juvenile and adult leaves of 
sugar beet. Such increments ranged between 7 and 5% for juvenile and adult leaves, respectively, for 
transplanted sugar beet plants that received 50 mM NaCl salinity level compared with control treatment. 
However, increasing NaCl salinity levels up to 260 mM increased leaf succulence to reach 35 and 39% for 
juvenile and adult leaves as a compared with their control, respectively. On the other hand, leaf succulence for 
DSS method was more pronounced by increasing salinity levels than T method, whereas, succulence’s for 
juvenile and adult leaves increased around 15 and 25% more than their controls at 50 mM NaCl salinity level 
and reached 52 and 69% at 120 Mm NaCl salinity level more than their controls for juvenile and adult leaves, 
respectively. As previously described no further growing was recorded for DSS method at 190 or 260 mM NaCl 
salinity levels. In case of transplanting the plant survived and grown till the 260 mM NaCl salinity level (half of 
the seawater salinity level). 
 
Table 4: Effect of NaCl salinity levels on sugar beet juvenile and adult leaves succulence after twelve weeks from sowing date. 

Treatments Direct seed sowing (DSS) Transplanting (T) 
Sowing method 

Juvenile Adult Juvenile Adult 
NaCl salinity levels (mM) 
Control 2.7g 3.9ef 2.8g 4.1e 
50 3.1f g 4.9d 3.0g 4.3e 
120 4.1e 6.6a 3.5f 5.2cd 
190 - - 3.4f 5.5bc 
260 - - 3.8f 5.7b 

 
Chlorophyll content per unit (µg/cm2) in juvenile and adult leaves of sugar beet plants exposed to different 

salinity levels after twelve weeks from sowing date is illustrated in Fig. (3). Results clearly demonstrated that 
there was an increase in chlorophyll content for both juvenile and adult leaves for DSS method with increasing 
NaCl salinity level to reach the maximum value at 120 mM NaCl. This increase was also detected for T method 
until 120 mM NaCl for juvenile leaf and with 50 mM NaCl for adult leaf, afterword chlorophyll content was 
decreased by increasing NaCl salinity levels. 
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Fig. 2: Effect of NaCl salinity levels on leaf area of juvenile and adult leaves of sugar beet plants after twelve 
weeks from sowing date. 
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Fig. 3: Effect of NaCl salinity levels on chlorophyll content in juvenile and adult leaves of sugar beet plants 

after twelve weeks from sowing date. 
 
As for K/Na ratio in leaf blades, petioles and roots of sugar beet plants (Fig. 4), it is quite evident that the 

highest K/Na ratio was detected in root followed by petioles, but K/Na ratio in leaf blades was the lowest and 
recorded 25% of that obtained in root with control treatment. However, adding NaCl salinity level of 50 mM 
caused a linearly decrease of K/Na ratio for all plant parts but further increasing of salinity level to 120 mM led 
to a gradual decrease. These findings were completely similar for both methods of sowing (DSS and T), where 
they followed the same pattern. On the other hand, K/Na ratio for transplanting method gave a value over one at 
50 mM NaCl in all plant parts. 

 

    
 

 

 
 

Fig. 4: Effect of NaCl salinity levels on K/Na ratio of sugar beet plant parts, (A) blades, (B) petioles and (C) 
root after twelve weeks from sowing date. 
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Root and Sugar Yields: 
 
According the sugar beet root yield as presented in Table (5), it is evident that no significant difference was 

detected for root yield between method of sowing (DSS and T) with control treatment. However, root yield was 
significantly decreased at 50 mM NaCl salinity level. This decrement of root yield at 50 mM of NaCl reached 
about 13 and 63% for transplanting and direct seed sowing, respectively, compared with the control of DSS 
method. However, the harmful effect of NaCl salinity on root yield was more prominent by increasing NaCl 
levels for direct seed sowing than for transplanting. Whereas, root yield for direct seed sowing method 
decreased by about 29 times, at 120 mM NaCl salinity less than control treatment, meanwhile, the root yield for 
transplanting method decreased by about two times at the same salinity level when compared with control of 
DSS method. Regarding root sugar yield the obtained results gave almost the same trend as root yield (Fig. 5). 
As aforementioned no further growing was recorded for DSS plants at 190 or 260 mM NaCl salinity levels. 
Whereas transplanting plants survived and grown till the 260 mM NaCl salinity level (half of the seawater 
salinity level). 

 
Table (5): Effect of NaCl salinity levels on sugar beet root yield per plant. 

Treatments RFW g/plant 
Sowing method 

Direct seed sowing (DSS) Transplanting (T) 
NaCl salinity levels (mM) 
Control 487a 510a 
50 180d 424b 
120 17g 232c 
190 - 129e 
260 - 60f 

 

 
 

Fig. 5: Effect of NaCl salinity levels on sugar yield per plant. 
 
The most important points in this work are water use efficiency (WUE) expressed as sugar yield/plant and 

water consumption. Data presented in Fig. (6) strongly showed that sowing of sugar beet plants by transplanting 
method apparently increased the efficiency of water used to produce sugar yield as compared with direct seed 
sowing method under all salinity treatments. It was clear from the obtained results that plants of control 
treatment sown using transplanting method consumed about 51 liter water/plant (from transplanting until 
harvesting), while plants of direct seed sowing method consumed about 65 liter/plant water. Consequently, the 
water use efficiency was obviously higher for transplanting than direct seed sowing method. Whereas one liter 
of used water produced 1.6 g sugar for transplanted plants and 1.2 g sugar for direct seed sowed plants. The 
above mentioned results indicated that water consumption was reduced by about 21% when sugar beet plants 
were transplanted compared with direct seed sowed plants in control treatment. Concerning NaCl salinity, it is 
generally evident that water use efficiency and water consumption were gradually decreased with increasing 
NaCl salinity level. Moreover, water use efficiency was decreased more sharply for direct seed sowing than for 
transplanting method. 

 
Discussion: 

 
This investigation monitored changes caused by NaCl salinity on germination percentage, growth, and 

sugar yield as well the water consumption of sugar beet plants which is well known as a salt tolerant plant 
during most life cycle but it is relatively sensitive during seed germination, emergence and early stage after crop 
establishment (Maas, 1986; Marschner, 1995 and Ghoulam and Fares, 2001). Results demonstrated a sharp 
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decrease of seed germination percentage and seedling fresh weight by increasing salinity levels. Such 
conclusion has been reviewed by Zapata et al. (2004). The salt tolerance mechanisms of sugar beet plants have 
been studied by many investigators such as Lindhauer et al. (1990); Marschner (1995); Koyro and 
Huchzermeyer (1997) and Eisa and Ali (2005). They summarized that sugar beet has an includer mechanism to 
achieve salt tolerant, whereas the plant has the ability to uptake the salty water and immediately transplanted 
into shoot. This mechanism facilitates osmotic adjustment but can lead to toxicity and/or nutritional imbalance. 
However, the main salt tolerance mechanism for sugar beet plant is depended mainly on its ability to decrease or 
regulate root osmotic potential by accumulating of soluble sugars in root which play the main role for adjusting 
root osmotic potential. Therefore, sugar beet is sensitive to salt during its germination and early growth stage, 
where there is no or/not enough photosynthesis activity to build more sugar to be used for adjusting root osmotic 
potential. In the same regards, salt induced inhibition of seed germination and seedling growth (fresh root and 
shoot weights) could be attributed to osmotic stress or to specific ion toxicity. These results are in line with 
Huang and Redmann (1995); Jeannette et al. (2002) and Jamil et al. (2006). 
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Fig. 6: Effect of NaCl salinity levels on water use efficiency (DSS and T) or on water consumption (DSS1 and 
T1) of sugar beet plants. 

 
Accordingly, transplanting of beet adult plant may be the way to avoid the harmful effect of salinity on 

sensitive growth stage which finally reflects on yield. In sugar beet as well as in other crops, agronomic 
characteristics such as yield and some chemical properties are most commonly used criteria for evaluating 
salinity tolerance of the crop. This is probably due to their ease of measurement and the fact that yield under 
saline conditions, is what ultimately matters and more relevant criteria for improving salt tolerance in crop.  

The results of growth characters as affected by NaCl salinity levels after twelve weeks of sowing date 
showed a great decreases of root fresh weight and leaf area for direct seed sowing, as affect by increasing NaCl 
levels but that was not the case for transplanting. Whereas, the RFW for transplanting was not significantly 
affected by using the first NaCl level (50 mM), meanwhile, it was significantly decreased for direct seed sowing 
by about 63% as compared to its control. Vegetative growth and yield parameters of sugar beet were reduced 
with increasing salt concentration of irrigation water as reported by Yassen and Jurgees (1998) and Mekki and 
El-Gazzar (1999). Such reduction might be due to lower of the external water potential or the effect of ion 
toxicity on metabolic processes (De-Herralde et al., 1998).  

The previous response can be explained by the role of total soluble sugars accumulated in root in case of 
transplanting, consequently that lead to uptake salty water which contain a high level of Na. However, the 
uptake Na rapidly translocated into the shoot and there occurred a replacement of K+ by Na+ in various 
metabolic functions. The accumulation of Na in leaves parallel with decreasing K content, may give us an 
important explanation for the reflection of salt stress on yield. Here it might be suggested that, the value of 
leaves K/Na ratio over one reflected unsaturated leaves from Na and this was concomitant with neglect harmful 
effect on plant due to toxic or imbalance effects. On the other words, if the leaves K/Na value was over one, that 
might be an indication for an active includer mechanism and the leaves in this case could uptake more Na. 
However, increasing the level of NaCl salinity in root medium caused a decrease of leaves K/Na ratio lower 
than one and that was although associated with a drastic decline of root and sugar yield. The ability to maintain 
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Na+/K+ homeostasis in the cells is crucial for the salt tolerance of plants. Interesting however, this above 
indication was only true for K/Na values in leaves, but not for root. This may be due to the way of transport of 
Na+ and K+ through the vascular system. Since Na+ translocated to the leaves is to some extent related to 
transpiration but a considerable net efflux of K+ takes place in phloem to uploading it into growth sinks (root 
and young leaves). Therefore, the values of K/Na ratio were higher in root than that of leaves. Similar results 
were reported by Marschner (1995) and Daoud et al. (2003).  

The injuries effect of salinity on sugar beet root and sugar yield has been reported by several investigators 
(Katerji et al., 2003 and Almodares and Sharif, 2005). However, the reasons of decreasing sugar beet yield 
under considerable salinity levels may be due to osmotic stress reducing leaf area and decreasing chlorophyll 
contents. These results indicated also decreases of leaf area consonant with increases of leaf succulence and 
increasing of chlorophyll content due to increasing NaCl levels. This reduction of leaf area is among the 
mechanisms salt includer species use in order to minimize the evaporating surface (Daoud et al., 2003 and 
Koyro and Huchzermeyer, 2004) and consequently increase their water content leading to succulence which is a 
way to dilute the Na concentration in leaf tissues. Therefore, leaves tend to be smaller and thicker under saline 
conditions. However, the increases of chlorophyll content in leaf may be due to the reduction of leaf area and 
increasing leaf succulence not due to stimulation of chlorophyll formation by NaCl salinity (Zhao et al., 2007). 
In contrast, Misra et al. (1997) indicated that salt stress induced an increase in the chlorophyll content, which 
could be due to an increase in the number of chloroplasts in stressed leaves.   
 
Conclusion: 

 
It could be concluded from the previously demonstrated results that using transplanting method for sowing 

sugar beet plants could be successfully used instead of traditional method (direct seed sowing) to over come the 
negative impact of saline conditions whereas excessive salinity drastically reduces seed germination, seedling 
stands, plant growth and productivity of sugar beet plants.  
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