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ABSTRACT 

Ten imported commercial varieties: BTS-3980, Panther, Athospoly, Oscarpoly, Clavius, 

Pintea, BTS-8115, Palace, pepite and Carrot, were sown under two different types of soil, saline soil 

(11.3 dSm
-1

) and the other was non–saline soil (0.8 dSm
-1

) at south Port Said Governorate, Egypt (31° 

N) and (32° E) during  two successive seasons. Sowing date was 15 Sep. in each of the two seasons, 

2016/ 2017 and 2017/ 2018 . This investigatiob aim to evaluate the influence of soil salinity stress on 

root yield and components, b) to identify saline tolerant sugar beet varieties based on salinity 

tolerance indices (STI), c) study the interrelationships and overlapping among (STI) using spearman 

rank correlation and biplot graph method, and d) plan appropriate selection strategies for improving 

both root yield and salt tolerance in sugar beet crop in Egypt. The  results indicated that growing sugar 

beet under salt stress caused reduction in root length, (9.4 and 9.8 cm) root diameter(1.2 and 1.3 

cm),frish root weight (252  and  the246 g)  and yield, (8.24 and 8.11 ton/fed), as compared to non- salt 

stress in the 1
st
 and 2

nd
 season, respectively. While, salinity reduced potassium, (0.49 and 0.37 

meq/100 g beet),  Alkalinity(0.84 and 0.76) %, number of  harvested roots/fed (3.21 and 3.31 

thousand and sugar yield ton/fed. (1.11 and 1.09 ton/fed.)  with reductions of %, and compared to 

non-saline one, respectively. On the contrary, the less saline soil yielded roots with low values of 

sucrose, extractable sugar %, proline and glycine betaine mg/g. fresh weight with substantial 

augmentation amounted to (0.84 and 0.91), (0.69 and 0.75%), (1.03 and 1.08) and (1.61 and 1.77) 

percentages in case of the saline soil in the 1
st
 and 2

nd
 season, respectively. Whereas the undesirable 

excess of (α-amino-N and sodium by meq/100g beet and sugar lost to molasses %) as impurities was 

(0.44 and 0.43) and (0.76 and 0.74) meq/100g beet, (0.15 and 0.16%) in the 1
st
 and 2

nd
 season, 

respectively. A large array of diversity was observed among the examined varieties. Oscarpoly, 

Clavius and Athospoly varieties had higher root yield and better stress tolerance indices for salinity 

than others, therefore can be candidate as the best selectable varieties for salinity tolerance.  

Meanwhile, BTS-8115 and BTS-3980 varieties had lower yield reduction under stress conditions but 

they were not classified as stress tolerant varieties for their low yield on the average (low mean 

production). 

 

Key word: Sugar beet varieties, salinity, stress tolerance indices, Spearman rank correlation 

 

1. INTRODUCTION 

Salt tolerance threshold in sugar beet is 

7dSm
-1

 where  its yield reduction
 
gradient after 

that point is 6%. However  these values largely 

differ depending on variety, climate, irrigation 

management, fertility level and agricultural 

management methods (Mass and Grattan, 1999). 

The vegetative growth of the tolerant and 

sensitive plants goes down under salt stress 

conditions (Armioum, 2002). The selection of a 

suitable variety that can exhibit relatively higher 

tolerance salt stress during early growth stages 

along with appropriate agricultural management 

can help overcoming the problem. In addition, 

there are osmotically active substances excess 

impurities (nitrogen %, sodium % and sugar 

loscs, to molasses). But, more important, soluble 

N components such as amino acids and betaine 

which are an important osmoprotectant. 

Globally, beet roots quality is determined by 

observing these qualities with enhanced 

concentrations of sodium and amino N 

(Hoffmann et al., 2009).  Sugar beet is one of 

the most salt tolerant crops, but it is less tolerant 
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to  salinity during germination, emergence and 

in the seedling stage (Aly et al., 2014). Sugar 

beet is highly reduced under saline soil 

condition due to the low genetic potential of the 

varieties and/or the lack of proper agricultural 

management process implemented under such 

condition (Babazade et al., 2016 and Hanin et 

al., 2016). Under such condition, inappropriate 

climate and unfavorable environmental 

conditions can intensify the effect of salinity 

stress (Ranjbar and Anagholi  2018).  

Another essential point in selecting salt 

tolerant varieties is their yield stability that has 

to be evaluated in time and place. Based on the 

susceptibility stress index (SSI), smaller amount 

of SSI is indicative of low yield variation of 

variety subject to stress in contrast to that 

subject to favorable condition and its higher 

stability (Fischer and Maurer, 1978). The 

selection of more superior varieties in regard of 

these indices is based on lower tolerance index 

(Tol) and higher mean productivity (MP) 

(Rosielle and Hamblin, 1981). Based on stress 

tolerance index (STI), the stable varieties feature 

higher STI values (Fernandez, 1992). Of course 

the necessary condition for the creation of a 

positive and logical relationship between Tol 

and MP indices is that the genetic variance 

should be larger in stressed than in the non-

stressed environment.  

Generally, when Tol index gives smaller 

values it is an indication of the idea that the 

varieties performance is closer in stressed 

condition to unstressed condition and/or the 

plant is more tolerant to stress. Therefore, the 

selection of the best genotype is based on the 

genotypes that exhibit higher performance but 

lower performance potential subject to stress 

conditions. The correlation between MP and Tol 

is negative in the majority of the modes. Also, 

selection based on MP brings about performance 

enhancement in both the stressed and unstressed 

environments. In case that the objective is 

performance enhancement under stress 

conditions, selection based on MP can be useful. 

It has to be noted that such a selection causes a 

simultaneous reduction in mean productivity and 

performance subject to unstressed condition. In 

analyzing the correlation between sugar yield 

and stress sensitivity and tolerance, Abbasi et 

al., 2013 reported that STI index, mean 

production index (MP) and the geometric  mean 

index (GMP) are the most adequite indices for 

the identification of salt tolerant hybrid.  

The main objectives of the current research 

were a) evaluate the influence of soil salinity 

stress on root yield and components, b) identify 

saline tolerant sugar beet varieties based on 

salinity tolerance indices (STI), c) study the 

interrelationships and overlapping among (STI) 

using spearman rank correlation and biplot 

graph method and d) plan appropriate selection 

strategies for improving both of root yield and 

salt tolerance in sugar beet crop in Egypt.   

 

2. MATERIALS AND METHODS 

In the present study, ten varieties namely, 

BTS-3980, Panther, Athospoly, Oscarpoly, 

Clavius, Pintea, BTS-8115, Palace, Pepite and 

Carrot were cultivated at the south of Port Said 

Governorate, Egypt  (31° N and 32° E) in two 

types of soil the distance between them was 

about 500 meters. The first type was saline soil 

(11.3 dSm
-1

), at Agric. Res . Stat.  and the 

second type was non-saline (0.8 dSm
-1

) in a 

private farm at Port Said in 2017/2016 and 

2017/2018 seasons. Sowing date was exactly at 

15 Sep. A randomized complete block design for 

randomly sown ten varieties with three 

replications each season was used. Plot size was 

21 m
2 

(7 m long and 3 m width). It included 6 

rows with a distance of 0.50 m between rows 

and 0.20 m between plants within the row. The 

plots were irrigated with non-saline water. Soil 

samples were collected before sowing from all 

the experimental plots for a depth of 30 cm. 

Chemical analysis of the saline and non-saline 

soil is shown in (Table (1). Sugar beet plants 

were harvested on  March 15 at 180 days of age. 

2.1. The following characters were studied 

Determination of free proline and glycine 

betaine mg/g content in leaves: it was done in 

the laboratory of Sugar Crops Res. Inst., Agric. 

Res. Center, according to the method of Bates et 

al. (1973) for proline and Grieve and Grattan 

(1983) for glycine betaine. The samples were 

taken at 90 days after planting and  examined as 

followe. 

1. 1. Plant characters: At harvest, a random 

sample of ten roots was taken from each plot for 

determining root length, root diameter, root 

weight/plant and the number of harvested roots 

/fed.(number of harvested roots = root 

yield(ton/fed)/root weight per plant). 
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Table (1): Chemical analysis of the experimental soil . 

         Soil type 

Cations (mel.equ./L) Anions (mel.equ./L) 

S          P 
        EC 

            (ds/m) 

        pH 

           1:2.5 K
+
 Na

+
 Mg

++
 Ca

++
 So4

-
 Cl

-
 Hco3

-
 

Co3
-
 

         Saline               1.5     73.00 25.5 30.00 11.3 114.5 4.2 -    
 
40.7           11.3            8.00 

          Non-Saline                0.3   4.61 1.28             2.45 3.62 3.13 1.89     - 24.0          0.8          7.6 

Macro and micro elements concentration (mel.g/kg soil) 

    Saline 
N K        P    Cu            Fe              Mn                  Zn 

  160.0      390.6         0.95     5.64           6.37               2.25             0.06 

         Non-Saline  39.0     123.0           19.91      0.61         4.12               0.59            0.61 

 

2. Quality traits: Qualitative analysis was done 

on fresh samples of sugar beet roots at 

Laboratory of El-Dakhlia Sugar Factory, Egypt. 

3. Sucrose percentage (Pol %) was determined 

in fresh macerated root according to the method 

of Le-Docte (1927). 

4.Impurities: sodium, potassium and α-amino-

nitrogen concentrations were estimated as 

meq/100g beet and alkalinity coefficient %: 

Sodium and potassium were determined in the 

digested solution using flamephotometry 

according to the method described by Brown 

and Lilliand (1964). α-amino-N was determined 

using Hydrogenation method according to 

Carruthers et al. (1962) and then alkalinity 

coefficient (ALC) was calculated according to 

Ruiz-Holst et al. (2003) as follows: (ALC)% = 

(K + Na)/ (α-amino-N) . 

5. Purity % = Sucrose-0.029-0.343(Na+K)-

0.0939xN (Cooke and Scott 1993). 

6. Sugar loss in molasses (SLM) was 

calculated according to Cooke and Scott (1993) 

as hollow: SLM = 0.14(Na+K) +0.25(α amino 

N) + 0.50.   

7. Extractable sugar % = Sucrose % - SLM-

0.6 (Dexter et al. 1967).    

8.Yield: at harvest, all plants were taken from 

each plot for measuring root yield by weight 

/fed.   

9. Sugar yield/fed =Root yield /fed. × Sugar 

extractable (Recovery %). 

2.2. Statistical analysis: Data were subjected to 

individual analysis of variance of randomized 

complete block design and combined analysis 

over two soil types (Saline and non-Saline) for 

each season according to (Steel et al. 1997). As 

a routine statistical step, Levene test (1960) was 

run to confirm the heterogeneity of individual 

error terms. Least significant differences among 

the proper items were calculated at 

0.05probability level. For each variety; twelve 

stress tolerance indices were calculated based on 

average root yield under normal (Yn) and stress 

(Ys) soil over the two seasons. The names, 

equations and references of the stress tolerance 

indices are shown in Table (2). To give an 

overall picture emerges the interrelationships 

and overlapping among the twelve stress 

tolerance indices, Spearsman rank correlation 

coefficients between all pairs of these indices 

were calculated. Principal component (PC) 

analysis was also run for grouping the 

similar/dissimilar stress tolerance indices. For 

better visualization, the first two principal 

components (PC1 and PC2) were graphically 

plotted against each other using biplot graph 

(Yan and Rajacan, 2002).  

 

3. RESULTS AND DISCUSSION 

3.1.Salinity effect 

The results illustrated in Tables (3 to 6) 

show that the effect of soil salinity on some 

associated biochemical characters, yield and 

quality traits, were statistically significant at 1% 

and 5% levels. Data in Table (3) suggested that 

reductions by (9.4 and 9.8 cm) and (1.2 and 1.3 

cm) were evidenced in sugar beet root length 

and root diameter subject to salt stress in the 

first and second season, respectively. This could 

be due to the reduction in leaf area under salt 

stress condition and also inverse effect of 

salinity on photosynthesis. Another reason 

might be the reduction in uptake and utilization 

of mineral nutrients by plants under salt stress. 

On the contrary, the less saline soil yielded roots 

with minimized proline and glycine betaine 

(mg/g. fresh weight) with substantial 

augmentation amounted to  (1.03 and 1.08 mg/g) 

and (1.61 and 1.77 mg/g) in the case of the more 

saline type in the first and second seasons, 

respectively. The reason may be that some of 

these amino-N compounds and presumably 

glycine betaine and proline found as impurities 

in  the  storage  roots  of stressed  plants, result 

from osmotic adjustment as suggested by Brown 

et al., (1987). 
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Table (2): The name, equation and reference of 12 saline tolerance indices. 

No. Index name Formula Reference 

The high values of these indices indicated to saline stress tolerance 

1  Mean Productivity (MP) (Yn+Ys)/2 (Rosielle and Hamblin, 1981) 

2  Harmonic Mean (HM) (2*Yn*Ys)/(Yn+Ys) (Jafari et al., 2009) 

3 
 Geometric Mean Productivity         

(GMP) 
(Yn*Ys)

0.5
 (Fernandez, 1992) 

4  Stress Tolerance Index (STI) (Yn×Ys)/(Y n)
2
 (Fernandez, 1992) 

5  Yield Index (YI) Ys/Y s (Gavuzzi et al., 1997) 

6 Yield Stability Index (YSI) Ys/Yp (Bouslama and chapaugh,1984) 

7 
Modified Stress Tolerance Index 

(MSTI) 
(YI)

2
*STI (Farshadfar and Sutka, 2002) 

The low values of these indices indicated to saline stress tolerance  

8 Tolerance Index (TOL) Yn-Ys (Rosielle and Hamblin, 1981) 

9 
Stress Susceptibility Percentage 

Index (SSPI)  Tol*100/(2*Y n) (Moosavi et al., 2008) 

10 Stress Susceptibility Index (SSI) [1-(Ys/Yn)]/[1-(Y s / Y n)] (Fisher and Maurer, 1978) 

11  Reduction (Red. %) (Yn-Ys)*100/Yn  

12 Coefficient of variation (CV) SD/Mean of Yn and Ys (Darwish et al.,2017) 

 Yn and Ys indicate to average root yield of each genotype under normal and stress conditions.-  Y n and Y s indicate to average 

root yield overall genotypes under normal and stress conditions. 

 

Data in Table (4) revealed that saline soil 

yielded roots with excessive sucrose % by ( 0.84 

and 0.91%) in the first and second seasons, 

respectively, as compared to the non-saline one. 

Whereas, the undesirable excess in impurities 

represented in N and Na were (0.44 and 0.43 

meq/100g roots) and (0.76 and 0.74 meq/100 g 

roots) but at the same time the soil salinity 

diminished potassium meq/100 g roots by (0.49 

and 0.37 meq/100 g roots) in the first and second 

seasons, respectively. These results are in 

accordance with those of Dadkhah, (2005) who 

mentioned that moderate levels of salt stress 

(150 and 250 mM) increased the root sucrose 

content of smaller size of cells because small 

cells are more efficient at accumulating sucrose 

per volume and weight unit than larger cells. 

Another reason might be due to the inhibition of 

soluble acid invertase activity under moderate 

salt concentration. Khafagi and El-Lawendy, 

(1996) reported that the stimulation of sucrose 

accumulation in sugar beet roots under saline 

conditions was probably controlled to a certain 

extent by the inhibition of acid invertase 

activity. In this regard , Hoffmann et al.,(2009) 

reported that salinity increased unwanted sugars 

such as raffinose, glucose and fructose in storage 

root, concluded that the actual potential of 

extractable and sugar yield per unit area is the 

most economically important index in sugar beet 

production. Although moderate salt stress 

increased root sucrose content, the root yield 

was reduced by salinity. Salinity drastically 

decreased sugar content per plant due to its 

inverse effect on root yield. Therefore, in saline 

lands, plant density per unit area should be 

considered. 

Data in Table (5) showed that soil salinity 

increased extractable sugar, sugar lost to 

molasses and alkalinity% to about (0.69 and 

0.75 %), (0.15 and 0.16 %) and (0.84 and 

0.76%) in the first and second seasons, 

respectively, as compared to the control (non-

saline soil). 

Data in Table (6) indicated that salt stress 

decreased the mean values of No. of harvested 

roots, root weight, root yield and sugar yield by 

(3.21and 3.31 thousand plant/fed), (252 and 

246g), (8.24 and 8.11 ton/fed) and (1.11 and 

1.09 ton/fed) in the first and second seasons, 

respectively. These data are in the same trend 

with those be assured by Hoffmann et al., 2009 

who concluded that the actual potential of 

extractable and sugar yield per unit area is the 

most economically important index in sugar beet 

production. Although moderate salt stress 

increased root sucrose content, the root yield 

was reduced by salinity, salinity drastically 

decreased sugar content per plant due to its 

inverse effect on root yield. Therefore, in saline 

lands, plant density per unit area should be 

considered. 
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Table (3): Combined analysis over to types of soil at first, 2016/2017 and second, 2017/2018 season for 

root length (cm), root diameter, (cm), proline (mg/g fresh root) and glycine betaine (mg/g 

fresh root) as affected by soil salinity and varieties.  

Glycine betaine 

(mg/g fresh root) 

Proline 

(mg/g fresh root) 

Root diameter 

 (cm) 

Root length  

(cm) 
Varieties  

(V) 
Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline 

2016/2017 

0.970 0.080 1.765  1.64 2.16 2.64 10.4 11.0 9.7 22.4 27.8 17.0 1.BTS-3980 

1.656 0.088 1.853 1.61 2.11 1.40 11.9 12.9 11.8 25.9 30.4 21.4 2.Panther 

0.761 0.127 3.185 3.28 4.40 3.97 12.6 13.5 12.4 27.2 31.5 23.0 3.Athospoly 

0.869 0.076 1.445 1.43 1.85 2.20 13.2 13.6 12.5 29.2 32.9 25.4 4.Oscarpoly 

1.274 0.092 1.647 1.59 2.04 2.20 12.8 13.7 12.4 27.9 31.7 24.1 5.Clavius 

0.940 0.102 2.446 2.20 2.94 3.22 10.9 11.4 10.6 24.3 29.2 19.5 6.Pinta 

0.847 0.078 1.802 1.52 2.02 1.56 10.3 10.9 9.6 22.2 27.6 16.7 7.BTS-8115 

0.702 0.081 1.614 1.55 2.02 1.57 10.7 11.4 9.7 22.6 27.9 17.3 8.Palace 

0.801 0.078 1.326 1.57 2.00 1.48 12.3 13.0 11.8 26.0 30.4 21.6 9.Pepite 

0.970 0.094 1.508 0.90 1.14 1.60 11.3 11.8 10.9 25.1 30.2 20.1 10.Carrot 

 0.090 1.765  1.15 2.18  12.3 11.1     29.9  20.6  Mean 

**                    **            ** ** F –test (S) 

 LSD at 5% 

0.140 0.463 0.728 1.3 (V) 

0.198 0.655 NS NS S x V 

2017/2018 

0.64 0.08 1.75    1.99     1.12   1.35      10.4 11.0 9.9 22.6 27.8 17.5 1. BTS-3980 

1.71 0.07 1.21 1.10 1.12 0.80 12.4 12.3 11.6 25.8 30.4 21.1 2. Panther 

0.87 0.13 3.29 2.96 2.16 1.95 13.0 13.3 11.9 27.1 31.6 22.6 3. Athospoly 

0.87 0.08 1.65 1.69 1.02 1.19 13.1 14.2 12.2 28.5 32.3 24.8 4. Oscarpoly 

1.15 0.09 1.66 1.70 1.14 1.21 13.1 13.5 12.0 27.6 31.7 23.6 5. Clavius 

0.67 0.09 2.21 2.41 1.47 1.61 11.0 11.4 10.4 24.7 30.2 19.2 6. Pinta 

0.70 0.06 1.28 1.19 1.03 0.82 10.3 10.9 9.6 22.5 28.2 16.7 7. BTS-8115 

0.58 0.06 1.34 1.20 1.09 0.83 10.6 11.3 10.1 23.6 29.2 18.1 8. Palace 

0.74 0.06 1.10 1.16 1.14 0.83 12.4 12.8 11.7 26.4 31.5 21.4 9. Pepite 

0.64 0.09 1.38 1.26 0.66 0.93 11.3 11.8 10.8 25.1 30.4 19.8 10. Carrot 

 0.08 1.75  1.19 2.27  12.3 11.0  30.3 20.5 Mean 

** ** ** ** F –test  (S) 

 LSD at 5% 

0.243 0.331 0.814 1.8 (V) 

0.343 0.468 NS NS S x V 

* Level of significance at 5%,   **level of significance at 1%        

 

  

3.2. Effect of varieties 

Data in Table (3) demonstrated that among 

of the studied varieties, very evident differences  

 

were scored in terms of root length, root 

diameter. Therefore, the highest values were 

obtained from Oscarpoly variety with a 
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significant differences amounting of (7 and 6 

cm) and (2.8 and 2.9 cm) from BTS-8115 

variety which was the least in the ranking. 

Athospoly variety showed (2.38 and 1.86 mg/g 

fresh weight) higher value of proline mg/g fresh 

weight than that recorded by Carrot and Panther 

in the first and second seasons, respectively. 

Meanwhile, Panther variety surpassed Palace 

which ranked last for glycine betaine with 

difference of (0.96 and 1.13 mg/g fresh weight) 

in the first and second seasons, respectively. In 

this regard, Hoffmann et al., (2009) reported that 

increased osmotically active substances such as 

proline and glycine betaine mg/g fresh weight is 

a reflection of the ability of cultivars to salinity 

tolerance.     

Data in Table (4) suggested that in regard to 

sucrose %, α-amino-N, Na and K by meq/100g 

beet the result was reversed. Whereas, BTS-

8115 variety surpassed the following ones with 

the largest declines evaluated by (3.88 and 4.1% 

meq/100 g beet), (0.3 and 0.26 meq/100 g beet), 

(0.43 and 0.35 meq/100g beet) and (1.32 and 

1.15meq/100 g beet) from Oscarpoly variety in 

the first and second seasons, respectively.  

Data in Table (5) revealed that the ten 

tested sugar beet varieties significantly differed 

in extractable sugar and sugar lost to molasses 

which probably referred to their gene make-up. 

Sugar beet variety BTS-8115 had (0.27 and 0.32 

%) and (3.83 and 3.55 %) higher values 

compared with Oscarpoly in the first and second 

seasons, respectively. But, purity % of Panther 

exceeded that of Oscarpoly variety by (1.18 and 

2.09%) in the first and second seasons, 

respectively. Besides, significant differences 

were detected among varieties in alkalinity in 

the first season only. 

Data in Table (6) showed that the ten 

examined varieties significantly differed in no. 

of harvested roots, root weight, root yield and 

sugar yield. Oscarpoly variety achieved the 

highest values of root weight and yield by (258 

and 261g) and (4.02 and 4.69 ton/fed) from 

BTS-8115 while Panther had (0.43 and 0.27 

ton/fed) higher sugar yield value than Oscarpoly 

and BTS-3980 variety in the first and second 

seasons, respectively. The significant varietal 

difference for no. of harvested roots (thousand 

root/fed) was scored in the first season only.      

3.3. Effect of interaction 

The interaction of variety × salt stress 

significantly influenced root weight and root 

yield /fed), when the diminishing of its values as  

 

a result of salinity varied from (305 and 169 g), 

 (373 and 178 g), (9.29 and 6.39 ton/fed) and 

(9.17 and 6.71 ton.fed) for Oscarpoly and BTS-

8115 in the first and second seasons, 

respectively, when the Na as meq/100 g beet 

observed reductions from BTS-8115 in saline 

comparison to Oscarpoly in non- saline soil 

were (1.14 and 1.08) meq/100 g beet in the first 

and second seasons, respectively.  So, the 

studied varieties as well showed different 

reactions to salt stress. Based thereon, there are 

acceptable varieties to be introduced to the 

farmers for cultivation under salinity conditions. 

The obtained results are in harmony with those 

of Nasab et al., (2011) who indicated that root 

fresh weight differed with different cultivars 

under salinity stress conditions.  

3.4. Stress tolerance indices calculated 

Results in Table (7) present the root yield 

of the tested varieties under non salt (Yn) and 

salt stress (Ys) conditions as well as the 

estimates of salt tolerance indices and their 

respective ranks. If the varieties were screened 

based on stress tolerance indices subject to 

saline and non-saline conditions, the Oscarpoly 

sugar beet variety can be selected  amongst  the 

varieties that possessed high root yield on 

average. This variety which was located in the 

right hand upper quarter (Fig. 1) featured high 

mean productivity (MP), harmonic mean (HM), 

geometric mean productivity (GMP), stress 

tolerance index(STI), yield index(YI), yield 

stability index (YSI), and modified stress 

tolerance index (MSTI) with values amounting 

of 21.97, 21.00, 21.47, 0.82, 1.116, 0.653 and 

1.02, respectively. Moreover, this variety 

possessed low values of tolerance index (TOL), 

stress sensitivity percentage index (SSPI), 

reduction index (Red), stress sensitivity index 

(SSI), and coefficient of variation (CV %) 

registered 9.23, 19.45, 34.73, 1.008 and 29.71, 

respectively. Oscarpoly sugar beet variety could 

be recommended to be more tolerant to salt 

stress.  The closest varieties to this region were 

Athospoly and Clavius with values of (20.93 and 

21.11), (19.90 and 20.04), (20.41 and 20.57), 

(0.74 and 0.75), (1.048 and 1.053), (0.673 and 

0.634), (0.81 and 0.71) for MP, HM, GMP, STI, 

YI, YSI and MSTI, respectively, but with values 

of (9.27 and 9.47), and (19.53 and 19.96), (36.27 

and 36.65), (1.052 and 1.063) and (31.33 and 

31.73) for TOL, SSPI, Red, SSI and CV, 

respectively. Carrot, Pintea and Palace varieties 

had  lower  differences  between   stress   and  
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Table (4): Combined analysis over to types of soil at first, 2016/2017 and second, 2017/2018 season for 

sucrose%, α-amino –N, sodium and potassium (meq/100g beet) as affected by soil salinity and 

varieties.  

Potassium (k) 

meq/100g beet 

Sodium(Na) 

meq/100g beet 

α-amino –N 

meq/100g beet 

Sucrose 

 % 
Varieties  

(V) 
Mean Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

 Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline 

2016/2017                                                    

4.45 4.74 4.15 2.30 1.86 2.73 1.76 1.53 1.99 18.83 18.30 19.37 1. BTS-3980 

3.93 4.09 3.76 2.20 1.84 2.57 1.65 1.43 1.86 18.47 17.91 19.03 2. Panther 

3.81 3.95 3.66 2.17 1.84 2.50 1.66 1.47 1.86 16.55 16.14 16.97 3. Athospoly 

3.57 3.62 3.51 1.96 1.69 2.23 1.50 1.30 1.69 15.07 15.00 15.13 4. Oscarpoly 

3.60 3.67 3.52 1.98 1.69 2.27 1.57 1.37 1.78 15.66 15.48 15.83 5. Clavius 

4.24 4.47 4.00 2.26 1.85 2.67 1.73 1.50 1.95 18.56 18.01 19.10 6. Pinta 

4.72 5.07 4.36 2.31 1.86 2.77 1.76 1.53 1.99 19.17 18.75 19.60 7. BTS-8115 

4.34 4.60 4.07 2.28 1.85 2.70 1.73 1.50 1.95 18.75 18.17 19.33 8. Palace 

3.79 3.89 3.69 2.20 1.84 2.57 1.65 1.43 1.86 17.34 16.68 18.00 9. Pepite 

4.02 4.21 3.83 2.24 1.85 2.63 1.67 1.43 1.91 18.55 17.99 19.10 10. Carrot 

 4.74 3.88  1.85 2.61  1.44 1.88  17.15 17.99 Mean 

** ** ** ** F-test  (S) 

LSD at 5% for 

0.254 0.061 0.067 0.703 V 

0.360 0.086 NS NS S x V 

2017/2018 

4.65 5.00 4.30 2.36 1.91 2.80 1.73 1.50  1.95 18.75 18.17 19.33 1.BTS-3980 

3.89 4.04 3.73 2.26 1.88 2.63 1.69 1.47 1.91 17.89 17.74 18.03 2.Panther 

3.74 3.84 3.63 2.22 1.85 2.60 1.65 1.43 1.86 16.23 15.83 16.63 3.Athospoly 

3.37 3.41 3.34 1.93 1.66 2.20 1.46 1.27 1.65 15.23 15.00 15.47 4.Oscarpoly 

3.58 3.65 3.51 2.07 1.76 2.37 1.53 1.33 1.73 15.78 15.65 15.92 5.Clavius 

4.51 4.91 4.10 2.30 1.89 2.70 1.69 1.47 1.91 18.53 18.00 19.07 6.Pinta 

4.69 5.05 4.34 2.36 1.91 2.80 1.76 1.53 1.99 19.11 18.45 19.77 7.BTS-8115 

4.58 4.96 4.20 2.30 1.90 2.70 1.73 1.50 1.95 18.57 18.03 19.10 8.Palace 

3.82 3.95 3.69 2.23 1.86 2.60 1.69 1.47 1.91 17.11 16.66 17.57 9.Pepite 

4.43 4.87 3.99 2.29 1.88 2.70 1.69 1.47 1.91 18.48 17.93 19.03 10.Carrot 

 5.00 4.37  1.82 2.56  1.45 1.88  17.24 18.15 Mean 

** ** ** ** F-test (S) 

LSD at 5% for 

0.503 0.096 0.073 0.724 V 

NS 0.136 NS NS S x V 

* Level of significance at 5%,   **level of significance at 1%        
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Table (5): Combined analysis over to types of soil at first, 2016/2017 and second, 2017/2018 season for 

extractable sugar, sugar lost to molasses, alkalinity and purity% as affected by soil salinity and 

varieties. 

Purity 

% 

   Alkalinity 

% 

  Sugar lost to molasses 

(SLM)% 

Extractable sugar 

% 
Varieties  

(V) 
Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline 

2016/2017 

86.59 86.77 86.64 3.88 4.31 3.45 1.88 1.98 1.96 16.35 16.75 16.81 1 .BTS-3980 

86.69 87.11 86.32 3.77 4.13 3.41 1.77 1.87 1.85 16.10 15.57 16.58 2 .Panther 

85.55 85.68 85.34 3.63 3.95 3.31 1.75 1.84 1.83 14.20 14.20 14.54 3.Athospoly 

85.51 84.61 85.20 3.74 4.09 3.40 1.65 1.69 1.73 12.82 13.18 12.81 4.Oscarpoly 

85.55 85.08 85.15 3.59 3.92 3.26 1.67 1.76 1.75 13.39 13.56 13.48 5.Clavius 

86.65 86.79 86.73 3.82 4.21 3.42 1.84 1.93 1.92 16.12 16.54 16.58 6.Pinta 

86.76 86.76 86.85 4.05 4.52 3.58 1.92 2.00 1.99 16.65 17.17 17.01 7.BTS-8115 

86.55 86.87 86.62 3.88 4.30 3.47 1.86 1.95 1.94 16.29 16.55 16.80 8. Palace 

86.15 86.44 86.00 3.69 4.00 3.38 1.75 1.85 1.84 14.99 15.11 15.56 9. Pepite 

86.67 86.99 86.79 3.82 4.24 3.40 1.80 1.91 1.88 16.15 16.52 16.62 10. Carrot 

 86.37 86.16  4.30 3.46  1.71 1.87  16.75 16.81 Mean 

 ** ** **  F-test  (S) 

 LSD at 5% 

0.627 0.241 0.041 0.096  Varieties(V) 

NS NS NS NS  S x V 

2017/2018 

86.80 86.83 86.54 4.12 4.61 3.64 1.91 1.84 1.81 16.24 15.72 15.89 1. BTS-3980 

87.16 87.21 87.06 3.69 4.04 3.34 1.78 1.70 1.69 15.51 15.44 15.62 2. Panther 

85.78 85.88 85.75 3.66 3.98 3.35 1.75 1.65 1.68 13.89 13.58 13.86 3.Athospoly 

85.07 85.54 85.82 3.69 4.00 3.37 1.61 1.53 1.57 13.03 12.88 12.83 4.Oscarpoly 

85.44 85.80 85.94 3.73 4.07 3.40 1.67 1.59 1.59 13.51 13.46 13.29 5. Clavius 

86.84 86.89 86.56 4.11 4.64 3.57 1.88 1.82 1.76 16.06 15.58 15.65 6. Pinta 

86.83 86.91 86.67 4.07 4.55 3.59 1.93 1.86 1.85 16.58 15.99 16.30 7. BTS-8115 

86.88 86.89 86.49 4.05 4.57 3.54 1.89 1.83 1.78 16.07 15.60 15.79 8. Palace 

86.44 86.44 86.30 3.63 3.96 3.30 1.77 1.68 1.66 14.75 14.38 14.41 9. Pepite 

87.07 87.15 86.55 4.06 4.60 3.51 1.86 1.81 1.71 16.02 15.52 15.69 10. Carrot 

 86.55 86.31  4.17 3.41  1.73 1.88  15.72 15.89 Mean 

** ** ** ** F-test (S) 

 LSD at 5% 

0.815 NS 0.070 0.702 Varieties (v) 

NS NS NS NS S x V 

* Level of significance at 5%,   **level of significance at 1%        
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Table (6): Combined analysis over to types of soil at first, 2016/2017 and second, 2017/2018 season for 

number of harvested roots (1000/fed), root weight (g/plant), root  and sugar yield (ton/fed) as 

affected by soil salinity and varieties. 

Sugar yield 

(ton/fed) 

Root yield 

 (ton/fed) 

Root weight 

(g/plant) 

Number of harvested 

Roots (1000/fed) 
Varieties 

 (V) 
Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Mean 

Soil type (S) 

Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline Non 

saline 

Saline 

2016/2017 

2.93 3.36 2.51 18.06 21.09 14.32 815 905 725 21.54 23.32 19.77 1.BTS-3980 

3.21 3.87 2.54 20.08 24.80 15.65 943 1083 803 21.25 22.99 19.50 2.Panther 

2.94 3.54 2.35 20.85 25.58 16.42 1007 1165 848 20.66 21.96 19.36 3.Athospoly 

2.87 3.37 2.20 21.73 26.84 17.55 1067 1220 915 20.60 22.00 19.19 4.Oscarpoly 

2.80 3.42 2.18 20.97 25.93 16.54 1024 1193 855 20.53 21.73 19.33 5. Clavius 

3.01 3.52 2.51 18.78 23.37 15.22 897 1017 777 21.29 22.99 19.58 6. Pinta 

2.94 3.43 2.44 17.71 20.70 14.31 809 893 724 21.47 23.18 19.77 7.BTS-8115 

2.98 3.43 2.54 18.40 21.55 14.54 836 935 737 21.39 23.05 19.72 8. Palace 

3.02 3.60 2.44 20.31 24.83 15.84 949 1083 814 21.22 22.97 19.47 9 .Pepite 

3.03 3.54 2.53 18.87 23.48 15.38 902 1017 787 21.32 23.10 19.54 10. Carrot 

 3.51 2.42  23.63 15.52  1051 799 21.32 22.74 19.52 Mean 

** ** ** ** F-test (S) 

 LSD at 5% 

0.193 0.643 42.79 0.070 Varieties(V) 

N.S 0.910 60.52 N.S S x V 

2017/2018 

2.86 3.32 2.40 17.71 21.18 14.94 835 908 761 21.55 23.46 19.64 1.BTS-3980 

3.13 3.83 2.43 20.22 24.79 15.36 908 1030 786 21.84 24.10 19.57 2. Panther 

2.90 3.48 2.33 21.00 25.55 16.15 989 1145 833 20.86 22.32 19.39 3.Athospoly 

2.88 3.45 2.31 22.20 26.31 17.14 1077 1263 890 20.05 20.84 19.26 4.Oscarpoly 

2.87 3.49 2.25 21.23 25.74 16.19 997 1160 835 20.81 22.21 19.40 5. Clavius 

3.08 3.64 2.52 19.29 22.47 15.10 882 993 770 21.22 22.82 19.62 6. Pinta 

2.88 3.31 2.46 17.51 21.07 14.36 816 905 727 21.54 23.31 19.77 7.BTS-8115 

2.89 3.37 2.41 18.04 21.71 15.09 853 935 770 21.41 23.21 19.61 8 .Palace 

2.99 3.57 2.40 20.33 24.94 15.67 931 1058 804 21.58 23.66 19.49 9. Pepite 

3.09 3.64 2.54 19.43 22.55 15.19 891 1007 776 21.00 22.43 19.58 10. Carrot 

 3.51 2.42  23.82 15.58  1041 795  22.84 19.53 Mean 

** ** **    **  F-test (S) 

 LSD at 5% 

0.217 0.867                62.20   N.S      Varieties(V) 

N.S 1.230 87.96   N.S  S x V 

* Level of significance at 5%,   **level of significance at 1%        
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 unstressed conditions (less  Tol, SSPI, reduction 

Index, SSI and CV by (7.73, 7.76 and 6.81), 

(16.29, 16.35 and 14.35), (33.58, 33.86 and 

31.48), (0.974, 0.982 and 0.914) and (28.54, 

28.82 and 26.42, respectively) but less  in STI 

and mean productivity together. Varieties 

Panther and Pepite are situated in an acceptable 

place in Fig. (1). These varieties can be 

classified as acceptable ones due to these higher 

Tol and reduction index by (9.3 and 37.50) and 

(19.26 and 36.72, respectively).Thus, they can 

be subjected to supplementary experiments so as 

to avoid omitting the good genotypes (Anagholi 

et al., 2018). On the other hand, the least Tol 

and Red index pertained to BTS 8115 and BTS 

3980 which were found having a low mean 

production for its low yield under unstressed 

conditions, so it is not useful for the salinity 

stress. Based on the insignificant effect of 

variety x soil type interaction on sugar yield, 

none of the studied varieties could be suggested 

in saline condition; consequently, they do not 

possess manufacturing advantage.  Despite of 

their high sugar yield in non-saline condition, 

they are not appropriate in saline condition due 

to low sugar yield in salinity stress condition. 

It is noted that indices of MP, HM, GMP, 

STI, YI and MSTI gave similar ranks for salt 

tolerance where the varieties Oscarpoly, Clavius   

and Athospoly varieties were identified as salt 

tolerant varieties. The aforementioned varieties 

had greater scores of evidences; the higher 

values of these indices indicate that they are 

more tolerant varieties. While the varieties BTS 

8115, BTS 3980 and Palace were identified as 

sensitive  because of their low estimates of such 

indices. In the same context, the indices TOL 

and SSPI ranked the tested varieties for salt 

tolerance in the same order. Using these two 

indices, the varieties BTS 3980 and BTS 8115 

were more tolerant for salinity, while Clavius 

and Panther verities were more sensitive 

compared to the others. A similar ranking 

pattern of tolerant/sensitive varieties was 

obtained by the indices of Red, SSI and CV. 

Accordingly, BTS 3980 and BTS 8115 were 

preferred for cultivation in the salt site, while 

Panther and Pepite were more sensitive for 

salinity. The similarity among indices in ranking 

varieties for salt tolerance may be attributed to 

that these indices are a function of each other as 

shown in Table (7). However, the three indices 

YSI and MSTI gave a different arrangement of 

varieties for their tolerance to salinity. A similar 

trend of results was found by Asadi et al. 

(2012), Al-Ashkar and El-Kafafi (2014), Saad et 

al. (2014), Al Naggar et al., (2015), Hassan et 

al. (2015), Mohammadi (2016), Singh et al. 

(2015) and Ali and El-Sadek (2016). 

On the other hand, the yield indices, MP, 

HM, GMP, STI, YI and MSTI ranked the tested 

varieties for salt tolerance exactly like the 

average root yield under the stress condition 

which means that these indices emphasized on 

information could be provided by root yield 

itself (Table 7).          

Table (7) presents  the root yield of  sugar 

beet varieties under adequate (Yn) and salt stress 

(Ys) conditions as well as the estimates of salt 

tolerance indices and their respective ranks. If 

the varieties were screened based on stress 

tolerance indices subject to saline and non-saline 

conditions, the Oscarpoly variety can be selected 

amongst the sugar beet varieties that possessed 

high root yield on average. This variety which is 

located in the right hand upper quarter (Fig. 1) 

featured high mean productivity (MP), harmonic 

mean (HM), geometric mean productivity 

(GMP), stress tolerance index(STI), yield 

index(YI), yield stability index (YSI), and 

modified stress tolerance index (MSTI) with 

values amounting of 21.97, 21.00, 21.47, 0.82, 

1.116, 0.653 and 1.02, respectively. Moreover, 

this variety possessed low values of tolerance 

index (TOL), stress sinsitivity percentage index 

(SSPI), reduction index (Red), stress sinsitivity 

index (SSI), and coefficient of variation (CV%) 

registered 9.23, 19.45, 34.73, 1.008 and 29.71, 

respectively. Hence, it would be more tolerant to 

salt stress.  The closest varieties to this region 

were Athospoly and Clavius with values of 

(20.93 and 21.11), (19.90 and 20.04), (20.41 and 

20.57), (0.74 and 0.75), (1.048 and 1.053), 

(0.673 and 0.634), (0.81 and 0.71) for MP, HM, 

GMP, STI, YI, YSI and MSTI, respectively, but 

(9.27 and 9.47), and (19.53 and 19.96), (36.27 

and 36.65), (1.052 and 1.063) and (31.33 and 

31.73) for TOL, SSPI, Red, SSI and CV, 

respectively. Carrot, Pintea and Palace had 

lower differences between stress and unstressed 

conditions (lower Tol, SSPI, reduction Index, 

SSI and CV by (7.73, 7.76 and 6.81), (16.29, 

16.35 and 14.35), (33.58, 33.86 and 31.48), 

(0.974, 0.982 and 0.914) and (28.54, 28.82 and 

26.42), respectively, but less STI and mean 

productivity together. Varieties Panther and 

Pepite  are  situated in  an  acceptable  place  in 

Fig.(1). These varieties can be classified as 

acceptable ones due to these higher Tol and 

reduction index by 9.3 and 37.50 and 19.26 and  
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Fig. (1): Biplot graph of the first two principal component axes for12 salt tolerance 

 

 

 

 

36.72, respectively. They can be subjected to 

supplementary experiments so as to avoid 

omitting the good genotypes (Anagholi et al., 

2018).  The results of the calculated indices 

indicated that, the least Tol and Red index 

pertained to BTS 8115 and BTS 3980 which 

were found having a low mean production for its 

low yield under unstressed conditions, so it is 

not useful for salinity stress.  

It is noted that indices of MP, HM, GMP, 

STI, YI and MSTI gave similar ranks for salt 

tolerance where the varieties Oscarpoly, Clavius   

and Athospoly verities were identified as salt 

tolerant varieties. The aforementioned varieties 

had greater scores of evidences; the higher 

values of these indices indicate that they are 

more tolerant varieties. While varieties BTS 

8115, BTS 3980 and Palace were identified as 

sensitive, because of their low estimates of such 
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indices. In the same context, the indices TOL 

and SSPI ranked the tested varieties for salt 

tolerance in the same order. Using these two 

indices, the varieties BTS 3980 and BTS 8115 

were more tolerant for salinity, while Clavius 

and Panther verities were more sensitive 

compared to the others. A similar ranking 

pattern of tolerant/sensitive varieties was 

obtained by the indices Red, SSI and CV. 

Accordingly, BTS 3980 and BTS 8115 were 

preferred for cultivation in the salt site, while 

Panther and Pepite were more sensitive for 

salinity. The similarity among indices in ranking 

varieties for salt tolerance may be attributed to 

that these indices are a function of each other as 

shown in Table (7). However, the three indices 

YSI and MSTI gave a different arrangement of 

varieties for their tolerance to salinity. A similar 

trend was found by Asadi et al. (2012), Al-

Ashkar and El-Kafafi (2014), Al Naggar et al. 

(2015), Singh et al. (2015) and Ali and El-Sadek 

(2016). 

On the other hand, the yield indices, MP, 

HM, GMP, STI, YI and MSTI ranked the tested 

varieties for salt tolerance exactly like the 

average root yield under the stress condition, 

which means that these indices emphasized on 

information could be provided by root yield 

itself (Table 7).          

3.5. The relationships and overlap among 

salinity tolerance indices 

This part of the study aimed to explore the 

similarity/dissimilarity among the salinity 

tolerance indices that are closely related in 

ranking the tested sugar beet varieties. To 

achieve this goal, Spearman rank correlation 

coefficients (r) among salinity tolerance indices 

as well as mean root yield (under adequate and 

salt sites) were calculated and presented in Table 

(8). The rank correlation was used instead of 

Pearson coefficient of correlation because the 

salinity tolerance indices are estimated but not 

measured values, so, cannot be assumed to be 

normally distributed (Becker, 1981). When a 

perfect correlation coefficient (r=1) was 

obtained between two salinity tolerance indices, 

they would be considered identical indices. 

However, if the association between two salinity 

tolerance indices was very strong (highly 

significant but not perfect, 0.75 ≤ r <1.0), these 

two indices would be as equivalent. 

On the other hand, principal components 

(PC) analysis based on Spearman rank 

correlation matrix, was performed. For best 

visualization, the loading of the first two 

principal components were plotted against each 

other. The results are diagrammatically 

displayed as biplot graph of PC1 and PC2 in 

Fig. (1). It is noted that the first two PC’s shared 

by 99.99 % (93.83 and 6.15 % by PC1 and PC2, 

respectively) of the variance structure, indicating 

that the biplot graph is characterized by a 

goodness of fit and successfully reflected the 

linear relationships among stress tolerance 

indices. The results showed that the yield under 

salt-stressed site (Ys) had a very strong 

association (r= 0.949) with the yield under 

optimal conditions (Yn), indicating that high 

potential yield under non-stressed conditions 

necessarily resulted in improved yield under the 

stressed salinity conditions and vice versa.  

Based on the rank correlation matrix (Table 

8), it is observed that Yn and Ys were positively 

and significantly associated with all salinity 

tolerance indices, except for YSI when the 

correlation was negative not only with Yn and 

Ys but also with the rest of the other indices. 

Because of the perfect association between (MP 

and GMP), (HM and STI), (TOL and SSP) and( 

Red and CV) as well (r = 1) they occupied the 

same dot on the biplot graph. These results 

indicated that the average root yield under 

adequate and stress condition in an equal footing 

(Yn and Ys) are the effective parts in computing 

the most stress tolerance indices. Graphically, 

GMP already was located close to HM and STI 

with an acute angle (positive correlation).   

Concerning the relationships among stress 

tolerance indices, the results appeared that there 

were highly significant and positive associations 

between each pair of the indices MP, HM, GMP, 

STI, YI, YSI and MSTI, but the last two indices 

took the opposite trend for each other (obtuse 

angles). Therefore, their dots were closely 

located on the biplot graph with acute angles. 

 

Conclusion 

It can be inferred according to the present 

results that there has been a positive benefit in 

introducing the salt tolerant varieties and they 

have been accompanied by useful components. 

Amongst the genotypes that possessed high root 

yield on average, the Oscarpoly variety can be 

selected. This variety featured high values of 

mean productivity (MP), harmonic mean (HM), 

geometric mean productivity (GMP), stress 

tolerance index (STI), yield index(YI), yield 

stability index (YSI), and modified stress 

tolerance index (MSTI) followed by Athospoly 

and Clavius. Oscarpoly, Clavius and Athospoly 
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Table(7): Mean of Salt Tolerance Indices (STI) and their respective ranks of 10 sugar beet varieties based on average of root yield under   

adequate and salt sites of the two seasons 

Sugar beet  
Varieties 

Root yield/fed (ton). Salt tolerance indices (STI) 

Yn Ys MP
1
 H M

1
 GMP

1
 STI

1
 YI

1
 

       
TOL

2
 SSPI

2
 YSI

1
 MSTI

1
 Red

2
 SSI

2
         CV

2
 

Calculated values 

1.BTS-3980 21.14 14.63 17.89   17.29 17.59 0.55 0.941 6.51 13.72 0.692 0.49 30.79    0.894       25.74 

2.Panther 24.80 15.50 20.15 19.08 19.61 0.68 0.997 9.3 19.60 0.625 0.68 37.50 1.088       32.64 

3.Athospoly 25.56 16.29 20.93 19.90 20.41 0.74 1.048 9.27 19.53 0.637 0.81 36.27 1.052      31.33 

4.Oscarpoly 26.58 17.35 21.97 21.00 21.47 0.82 1.116 9.23 19.45 0.653 1.02 34.73 1.008      29.71 

5.Clavius 25.84 16.37 21.11 20.04 20.57 0.75 1.053 9.47 19.96 0.634 0.83 36.65 1.063      31.73 

6.Pinta 22.92 15.16 19.04 18.25 18.64 0.62 0.975 7.76 16.35 0.661 0.59 33.86 0.982      28.82 

7.BTS-8115 20.89 14.34 17.62 17.01 17.31 0.53 0.922 6.55 13.80 0.686 0.45 31.35 0.910      26.29 

8.Palace 21.63 14.82 18.23 17.59 17.90 0.57 0.953 6.81 14.35 0.685 0.52 31.48 0.914      26.42 

9.Pepite 24.89 15.75 20.32 19.29 19.80 0.70 1.013 9.14 19.26 0.633 0.71 36.72 1.066      31.81 

10.Carrot 23.02 15.29 19.16 18.38 18.76 0.63 0.983 7.73 16.29 0.664 0.60 33.58 0.974      28.54 

Corresponding ranks 

1.BTS-3980 9 9 9 9 9 9 9 10 10 1 9 10 10       10 

2.Panther 5 5 5 5 5 5 5 2 2 10 5 1 1         1 

3.Athospoly 3 3 3 3 3 3 3 3 3 7 3 4 4         4 

4.Oscarpoly 1 1 1 1 1 1 1 4 4 6 1 5 5         5 

5.Clavius 2 2 2 2 2 2 2 1 1 8 2 3 3        3 

6.Pinta 7 7 7 7 7 7 7 6 6 5 7 6 6        6 

7.BTS-8115 10 10 10 10 10 10 10 9 9 2 10 9 9        9 

8.Palace 8 8 8 8 8 8 8 8 8 3 8 8 8        8 

9.Pepite 4 4 4 4 4 4 4 5 5 9 4 2 2        2 

10.Carrot 6 6 6 6 6 6 6 7 7 4 6 7 7        7 

1 The highest value of this index indicates to the more tolerant variety. 

2 The lowest value of this index indicates to the more tolerant variety



Noran A.M.Bassiony and  Soha  R.A. Khalil…………………………………………………………………… 

242 

 

 

 

 

 

 

Table (8): Spearman rank correlation coefficients among root yield (under adequate 

and salt stress), and their corresponding salt tolerance indices. 
Indi

ces 
Yn Ys MP H M 

GM

P 
STI YI TOL SSPI YSI 

MS

TI 

RE

D 

SSP

I 
CV 

Yn 1              

Ys 
0.94

9
**

 
1             

MP 
0.99

5
**

 

0.97

5
**

 
1            

H 

M 

0.98

6** 

0.98

8
**

 

0.99

8
**

 
1           

GM

P 

0.99

2
**

 

0.98

1
**

 

1.00

0 

0.99

9
**

 
1          

STI 
0.98

7
**

 

0.98

6
**

 

0.99

8
**

 

1.00

0 

0.99

9
**

 
1         

YI 
0.94

8
**

 

0.99

9
**

 

0.97

4
**

 

0.98

7
**

 

0.98

0
**

 

0.98

5
**

 
1        

TO

L 

0.97

2
**

 

0.84

8
**

 

0.94

4
**

 

0.92

1
**

 

0.93

4
**

 

0.92

3
**

 

0.84

8
**

 
1       

SSP 
0.97

2
**

 

0.84

8
**

 

0.94

4
**

 

0.92

1
**

 

0.93

4
**

 

0.92

3
**

 

0.84

8
**

 

1.00

0 
1      

YSI 

-

0.88

8
**

 

-

0.70

4
**

 

-

0.84

0
**

 

-

0.80

5
**

 

-

0.82

5
**

 

-

0.80

9
**

 

-

0.70

0
**

 

-

0.96

5
**

 

-

0.96

5
**

 

1     

MS

TI 

0.95

5
**

 

0.99

8
**

 

0.97

9
**

 

0.99

0
**

 

0.98

4
**

 

0.98

9
**

 

0.99

9
**

 

0.86

1
**

 

0.86

1
**

 

-

0.71

6
**

 

1    

RE

D 

0.86

9
**

 

0.66

9
**

 

0.81

6
**

 

0.77

7
**

 

0.79

9
**

 

0.78

1
**

 

0.66

8
**

 

0.96

0
**

 

0.96

0
**

 

-

0.99

0
**

 

0.68

6
**

 
1   

SSP

I 

0.86

9
**

 

0.66

9
**

 

0.81

6
**

 

0.77

7
**

 

0.79

9
**

 

0.78

1
**

 

0.66

8
**

 

0.96

0
**

 

0.96

0
**

 

-

0.98

8
**

 

0.68

7
**

 

0.99

9
**

 
1  

CV 
0.86

6
**

 

0.66

4
**

 

0.81

3
**

 

0.77

3
**

 

0.79

5
**

 

0.77

7
**

 

0.66

3
**

 

0.95

9
**

 

0.95

9
**

 

-

0.98

9
**

 

0.68

1
**

 

1.00

0 

0.99

9
**

 
1 

** indicate significant at 0.01 probability level. 
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varieties had higher root yield and better stress 

tolerance indices than others, therefore can be 

candidate as the best selectable varieties for 

salinity tolerance. Varieties Panther and Pepite 

can be classified as acceptable ones due to their 

higher Tol and reduction index. Carrot, Pintea 

and Palace had lower differences in stress and 

unstressed conditions but lower STI and low 

mean productivity together.   
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 رمحافظت بىرسعيذ ، مص فىانمهىحت  تحت ظروفبىجر انسكر  اصىافتقييم محصىل وجىدة بعض 

 

سها رمضان أبىانعلا خهيم –وىران عبذانرحمه محمذ بسيىوى   

 
* قغى تحٕز ذكُٕنٕظٛا انغكشٔ قغى تحٕز انًحافظح عهٗ الأصُاف  

يصش -انعٛضج  –يشكض انثحٕز انضساعٛح  –ز انًحاصٛم انغكشٚح يعٓذ تحٕ  

 

 مهخص

 ,BTS-3980, Panther Athospoly, Oscarpoly ٗذى صساعح عششج اصُاف ذعاسٚح يغرٕسدج ْٔ

Clavius, Pintea, BTS-8115, Palace, pepite , Carrot  فٗ َٕعٍٛ يٍ انرشتح نرقٛٛى ذحًم تُعش انغكش نهًهٕحح

 11.3كاَد َغثح انًهٕحح  . دسظح ششقا  32دسظح شًالا ٔدائشج عشض  31تٕسععٛذ عُذ خظ طٕل تًحافظح ظُٕب 

،  2016/2017 )  يهًٕٛص فٗ َٕع انرشتح الأنٗ ٔانصاَٛح عهٗ انرٕانٗ  خلال يٕعًٍٛ صساعٍٛٛ يررانٍٛٛ 0.8يهًٕٛص ٔ 

انصفاخ نُرائط انٗ حذٔز َقص فٗ كم اشاسخ ا كلا انًٕعًٍٛ. عثرًثش فٗ 15فٗ  حضساعد عًهٛح انذً )2017/2018

 ظى 246، 252هعزسنٔانٕصٌ انطاصض عى  1.2،1.3ٔقطشانعزس عى ( 9.8 ، 9.4انًذسٔعح ، حٛس تهغ طٕل انعزس )

عهٗ  ، الأل ٔانصاَٗ ٍَٛرٛعح انرعشض نلاظٓاد انًهحٗ فٗ انًٕعً (طٍ نهفذاٌ 8.11،  8.24 ) ٔيحصٕل انعزٔس تًقذاس

نثٕذاعٕٛو ٔيعايم انقهٕٚح ٔعذد انعزٔس كم يٍ ان. فٗ حٍٛ حذز ذُاقص ف عذو الإظٓاد انًهحٙيقاسَّ تظشٔ،  انرٕانٗ

( % 0.76، 0.84، ) ظى ظزٔس100/يههٙ يكافئ 0.37، 0.49تًقذاس   (طٍ /نهفذاٌ)ٔيحصٕل انغكش  ،انًحصٕدج/نهفذاٌ 

انعكظ يٍ رنك  ٔعهٗعهٗ انرٕانٗ  انًهحٛح. طٍ /انفذاٌ يقاسَح تانرشتح غٛش 1.09، 1.11/انف َثاخ نهفذاٌ  3.31، 3.21، 

تًقذاس انغكشٔص ٔانغكش انًغرخهص ٔانثشٔنٍٛ ٔانعهٛغٍٛ تٛراٍٚ  راخ يحرٕٖ أقم يٍظزٔس  اعطد انرشتح غٛش انًهحّٛ

يقاسَح تانرشتح انًهحٛح فٗ  يٍ انعزٔس يعى/ظى ( 1.77، 1.61)  (1.03،1.08) % (0.75، 0.69، )  %(0.91، 0.84)

 –نشٕائة )انفاايَُٕٛٛرشٔظٍٛ ا ظزٔسْا يٍ يحرًٕ٘شغٕتح فٗ انغٛش انضٚادج  كاَد َٗ. تًُٛأل ٔانصاانًٕعى الا

 ٔ ظى ظزٔس100/يههٙ يكافئ(  0.74، 0.76) ( %0.43، 0.44تًقذاس ) انصٕدٕٚو( ٔانغكش انًفقٕد فٗ انًٕلاط 

ط ٔظٕد ذثاٍٚ تٍٛ الاصُاف انًخرثشج حٛس اظٓشخ انُرائ عهٗ انرٕانٗ.، فٗ انًٕعى الأل ٔانصاَٗ   % (0.16، 0.15)

اعهٗ يحصٕل ظزٔس ٔيٍ شى افضم يؤششاخ نرحًم انًهٕحح   ,Oscarpoly, Clavius  Athospolyحققد الاصُاف 

   BTS-8115انصُفٍٛ لا يٍ. ٔفٗ َفظ انٕقد اعطٗ كهًهٕحّن ذحًلاالاصُاف انًخرثشِ  كأكصشاعرثاسْا  ٔتانرانٗ ًٚكٍ

 ٔBTS-3980  فٗ يحصٕل انعزٔس ذحد انظشٔف انًهحٛح ٔنكٍ لا ًٚكٍ ذصُٛفٓا كاصُاف يقأيح نهًهٕحح اقم َقص

  َرٛعح لاَخفاض يرٕعظ اَراظٛرٓا . 
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