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Abstract 

Two field experiments were carried out during the winter seasons of 2020/2021 and 2021/2022 at Ras–

Sudr experimental station, Desert Research Center, Western Sinai Peninsula, Egypt. The main objective of this 

study was to evaluate yield and yield components as well as juice quality of three sugar beet varieties (Raspoly, 

Halawa and Melodia) as affected by six combinations between bacterial inoculation and inducing material 

treatments under saline soil conditions. Results showed that the Halawa variety gave the highest values and 

highly significance for sucrose% and purity%. While the Melodia variety gave the highest values and highly 

significance for sugar yield. While, Raspoly variety gave the highest values and highly significance for root 

length over the combined analysis. Yield, its components, and juice quality of sugar beet, i.e., root length, root 

diameter, sugar yield, sucrose%, purity%, Na%, K% and proline were highly significantly as affected by the 

combinations between bacterial inoculation and inducing material treatments in the combined analysis. A 

significant impact of the interaction between sugar beet varieties and the combinations between bacterial 

inoculation and inducing material treatments was gained for root length, root diameter, sugar yield, sucrose% 

and purity% in the combined data. It could be complemented that under the conditions of the experiment, 

planting Raspoly or Halawa or Melodia variety with the combinations between bacterial inoculation and foliar 

application with proline treatment under saline soil conditions is recommended.   

 

Keywords: Sugar beet varieties, Saline soil, Bacterial inoculation, Inducing materials,  Yield and its 

components. 

Introduction 

 

Sugar beet is the most important industrial 

sugar crop that can be cultivated under a wide range 

of climatic conditions. Egypt suffers from a gap 

between the consumed and produced sugar which 

reaches nearly one million ton. Wherefore, many 

studies are being performed to decrease the gap 

between the production and consumption through 

horizontal and vertical expansion of sugar beet 

production. It is difficult to increase the horizontal 

expansion in the Nile valley and delta areas. 

Therefore, the researchers turned to try to cultivate 

this crop in the newly reclaimed lands which are 

mainly saline soil. Salinity is one of the major 

environmental factors that severely limit the growth 

and yield of crop plants because most of crop plants 

are sensitive to salinity caused by high 

concentrations of salts in the soil (Kronzucker and 

Britto 2011). Many different approaches and 

practices may need to be combined to increase plants 

tolerance to salinity.  

 Yield, its components, and juice quality of 

sugar beet have been reported to be significantly 

affected by varieties (Safina and Abdel Fatah 2011, 

Ahmad et al 2012, Wu et al 2013, Zaki et al 2014, 

Mehanna et al 2017, Abu-Ellail et al 2019, Kaloi et 

al 2020 and El-Kady et al 2021). 

 The application of plant growth promoting 

rhizobacteria (PGPRs), like N2 fixing bacteria, has 

been highlighted as a feasible way to help plants to 

tolerate environmental stresses as it is relatively cost-

efficient and easy to used. Several reports showed 

that the inoculation of plants with N2 fixing bacteria 

with mineral fertilizers improved the yield, yield 

components and root quality of sugar beet plants 

(Mahmoud et al, 2014, Rashed et al 2016, Karagöz 

et al 2018, Gomaa et al 2019 and Sarhan and El-

Zeny 2020). Inducing materials such as salicylic acid 

(SA) and proline have been widely applied to 

enhance the growth and development of plants. 

Foliar application of inducing materials led to 

improving plant growth characteristics and enhanced 

the tolerance capacity of plants under abiotic stresses 

as well as it protects the plant from oxidative stress 

by increasing antioxidant enzymes activity, and 

finally improving traits of sugar beet crop (Merwad 

2015, Merwad 2016, Khalil et al 2020, AlKahtani 

et al 2021 and El-Gamal et al 2021). 

       Therefore, the present investigation was 

designed to study the performance and productivity 

of three sugar beet varieties with six combinations 

between two bacterial inoculation and three inducing 

materials treatments under saline soil conditions, in 

Ras–Sudr region, Western Sinai Peninsula, Egypt.   

 

Materials and Methods 

 

The present study was carried out during the 

winter seasons 2020/2021 and 2021/2022 at Ras–

Sudr experimental station, Desert Research Center, 

Western Sinai Peninsula, Egypt, to study the effect of 

six combinations between bacterial inoculation and 

inducing material treatments i.e. None-
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inoculation+foliar application with water (Control), 

None-inoculation+foliar with salicylic acid 200 g 

fed-1, 2-None-inoculation+foliar with proline 100 g 

fed-1, Inoculation with biogene+foliar application 

with water, Inoculation with biogene+foliar 

application with salicylic acid 200 g fed-1 and 

Inoculation with biogene+foliar application with 

proline 100 g fed-1 on yield and yield components as 

well as juice quality of three sugar beet varieties 

(Raspoly, Halawa and Melodia) under saline soil 

conditions.  

 The soil was sandy loam in texture, pH 

value, organic carbon content%, CaCO3 (g kg−1) and 

EC (dSm-1) were 8.12, 0.15%, 58.15 g kg−1 and 7.6 

average of the first and second growing seasons.  

      The treatments were designed in split-plot in a 

randomized complete block design (RCBD) with 

three replications. Sugar beet varieties were allocated 

to the main plots while, the combinations between 

bacterial inoculation and inducing material 

treatments occupied the sub-plots. The sub-plot area 

was 10.5 m2.  

      Varieties of sugar beet were sown on 30th 

September in the first and second growing seasons. P 

fertilizer with the average of 30 kg P2O5 fed-1 was 

one similar dose as calcium super phosphate form 

(15.5% P2O5) applied at soil preparation. The 

nitrogen fertilization was applied in the form of urea 

(46% N) at a rate of 75 kg fed-1 as well as potassium 

sulfate fertilizer (48% K2O) at a rate of 48 Kg K2O 

fed-1 were added as liquid fertilizer. The common 

cultural pursuits were carried out as locally 

recommended for sugar beet cultivation. 

 At harvest, five plants were randomly 

selected from each sub-plot to determine root length 

(cm) and diameter (cm). Sugar yield (ton fed-1) was 

calculated according to the following equation = 

Root yield (ton fed-1) × sucrose %. Purity% was 

calculated according to Carruthers et al. (1962). 

Proline concentration was measured in fresh leaves 

according to Bates et al. (1973). For Na% and K% a 

sample of 100g of roots was randomly taken from 

each treatment and digested, then determined using 

flame photometer according to Brown and Lilliland 

(1964). 

 Analysis of difference was done for the data 

of every season individually and a combined analysis 

was performed for the data over the first and second 

seasons as stated by Snedecor and Cochran (1980) 

treatment means were compared using the least 

significant difference test at 0.05 level of 

significance. Using the MSTAT-C Statistical 

Software package (Michigan State University, 

1983). 

Results And Discussion 

 

 Analysis of variances for the all treatments in 

each growing season moreover the combined analysis 

is shown in Table 1. Test of homogeneity detected that 

the error difference for the first and second growing 

seasons were homogenous, therefore the combined 

analysis was performed. Year's mean squares were 

significant only for root diameter. Sugar beet varieties 

mean squares were significant for root length and 

sucrose% in first and second growing seasons as well 

as the combined data, for sugar yield in the second 

growing season and the combined data and for 

purity% in the first growing season and the combined 

data. The combinations between bacterial inoculation 

and inducing material treatments mean squares were 

highly significant for all studied characteristics in the 

first and second growing seasons as well as the 

combined data. The interaction between years and 

sugar beet varieties mean squares was not significant 

for all studied characteristics. The interaction between 

years and the combinations between bacterial 

inoculation and inducing material treatments mean 

squares was insignificant for all of the studied 

characteristics. The interaction between sugar beet 

varieties and the combinations between bacterial 

inoculation and inducing material treatments mean 

squares was not significant for all studied 

characteristics except for root length which was highly 

significant in the second growing season as well as in 

the combined data, root diameter was significant in the 

first growing season and the combined data, sugar 

yield and sucrose% were highly significant or 

significant in both growing seasons and the combined 

data, purity% was highly significant in first growing 

season and the combined data, K% was highly 

significant only in the first growing season. The 

interactions between years, sugar beet varieties and the 

combinations between bacterial inoculation with 

inducing material treatments mean squares were not 

significant for all studied traits.  

Effect of varieties. 

      The outcomes indicated in Table 2 clearly 

showed that, there were highly significant variances 

between varieties in root length, sugar yield, 

sucrose% and purity% in the combined analysis. The 

variety Halawa gave the greatest values of sucrose% 

(20.63%) and purity% (87.74%) under saline soil. 

While the variety Melodia produced the highest 

values of sugar yield (5.30 ton fed-1) under saline 

soil. However, the greatest value of root length 

(26.68 cm) was obtained from the variety Raspoly 

under saline soil.   

       It could be complemented that varietal variations 

among sugar beet varieties may be because genetic 

makeup. The results were obtained by Safina and 

Abdel Fatah (2011), Ahmad et al. (2012), Wu et al. 

(2013), Zaki et al. (2014), Mehanna et al. (2017), 

Abu-Ellail et al. (2019), Kaloi et al. (2020) and El-

Kady et al. (2021) indicated marked differences 

among sugar beet varieties in yield, yield 

components and juice quality . 
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Table 1. Mean square values and significance for yield, its components and chemical analyses of sugar beet in 

2020/2021, 2021/2022 growing seasons and their combined analysis 

 

SOV 

 

df 

Root 

length 

(cm) 

Root 

diameter 

(cm) 

Sugar 

yield 

(ton fed
-1

) 

Sucrose 

% 

Purity 

% 

Na 

% 

K 

% 

Proline 

(mmol g
-1

) 

 2020/21 season 

Rep 2 0.474 0.522 0.009 0.000 0.229 0.086 0.000 0.013 

Var. 2 36.20** 0.288 0.038 0.02* 0.62* 0.072 0.001 0.009 

Err.(a) 4 1.126 0.141 0.010 0.002 0.054 0.021 0.001 0.005 

I. 5 9.02** 11.49** 5.09** 1.44** 47.84** 0.33** 0.32** 9.50** 

VxI 10 0.438 0.43* 0.04* 0.01** 0.69** 0.016 0.002** 0.003 

Err.(b) 30 0.211 0.193 0.015 0.004 0.162 0.028 0.000 0.009 

 2021/22 season 

Rep 2 0.998 0.051 0.004 0.002 0.014 0.004 0.002 0.000 

Var. 2 32.95* 0.025 0.03* 0.03* 0.099 0.011 0.006 0.001 

Err.(a) 4 2.846 0.063 0.002 0.003 0.059 0.010 0.003 0.007 

I. 5 11.39** 11.01** 4.94** 1.42** 50.05** 0.33** 0.31** 9.94** 

VxI 10 0.89** 0.073 0.01** 0.01** 0.25** 0.006 0.006 0.001 

Err.(b) 30 0.246 0.100 0.002 0.004 0.064 0.006 0.005 0.003 

 Combined analysis 

Years 1 0.992 0.82* 0.001 0.001 0.000 0.014 0.007 0.001 

R(Y) 4 0.736 0.287 0.006 0.001 0.122 0.045 0.001 0.007 

Var. 2 69.1** 0.179 0.06** 0.05** 0.61** 0.059 0.005 0.006 

V(Y) 2 0.040 0.134 0.006 0.003 0.114 0.024 0.002 0.003 

Err.(a) 8 1.986 0.102 0.006 0.002 0.057 0.016 0.002 0.006 

I. 5 20.3** 22.45** 10.02** 2.86** 97.69** 0.63** 0.63** 19.43** 

I(Y) 5 0.110 0.045 0.006 0.004 0.192 0.029 0.003 0.006 

VxI 10 1.23** 0.31* 0.05** 0.02** 0.84** 0.014 0.004 0.001 

VxIxY 10 0.099 0.196 0.008 0.005 0.109 0.008 0.004 0.002 

Err.(b) 60 0.229 0.147 0.009 0.004 0.113 0.017 0.003 0.006 
* and ** significant at 5% and 1% level of probability, respectively 

 

Combinations between bacterial inoculation and 

inducing material treatments effect. 

      Results in Table 2 showed that, yield, its 

components and juice quality of sugar beet, i.e., root 

length, root diameter, sugar yield, sucrose%, 

purity%, Na%, K% and proline content were highly 

significant as affected by the combinations between 

bacterial inoculation and inducing material 

treatments under saline soil in the combined analysis. 

Compared with other treatments, it is obvious that 

the significant greatest values of root diameter (9.72 

cm), sugar yield (5.97 ton fed-1), sucrose% (20.89%), 

purity% (89.59%) and Na% (3.42%) under saline soil 

resulted from the combination of bacterial 

inoculation +foliar application with Proline (Inoc 

+Prol.). Otherwise, the combination of None-

inoculation+ foliar application with water treatment 

(control) produced the heights values of K% (5.19%) 

and proline (5.30 mmol g-1) under saline soil. The 

greatest value of root length (26.53 cm) was obtained 

from the combination of bacterial inoculation +foliar 

application with salicylic (Inoc +SA). The 

interaction effects 

       Significant influences of the interaction between 

sugar beet varieties and the combinations between 

bacterial inoculation and inducing material treatments 

was observed for root length, root diameter, sugar 

yield, sucrose% and purity% under saline soil in the 

combined data (Table 3). The variety Melodia under 

the combination of bacterial inoculation+foliar 

application with Proline (Inoc+Prol.) treatment afford 

the highest values of sugar yield (5.99 ton fed-1), 

sucrose% (20.92%) and purity% (89.69%). 

Meanwhile, the variety Melodia under the 

combination of bacterial inoculation +foliar 

application with salicylic (Inoc +SA) treatment gave 

the highest value of root diameter (9.87 cm). On the 

other hand, the variety Raspoly under the combination 

of bacterial inoculation+foliar application with 

salicylic (Inoc+SA) treatment gave the highest value 

of root length (28.56 cm). Whereas the variety 

Raspoly under the combination of None-inoculation+ 

foliar application with water treatment (control) gave 

the lowest values of sucrose% (19.68%) and purity% 

(82.50%) in the combined data. The variety Melodia 

under the combination of None-inoculation+ foliar 

application with water treatment (control) gave the 

lowest values of root diameter (6.88 cm) and sugar 

yield (4.00 ton fed-1) in the combined data. Finally, the 

lowest value of root length (22.61 cm) was obtained 

from the variety Halawa under the combination of 

None-inoculation+ foliar application with water 

treatment (control).  

 



1048         Nayel, Mayada S. A. et al .  

Annals of Agric. Sci., Moshtohor, Vol. 60 (4) 2022 

Table 2. Yield, its components and chemical analyses of sugar beet varieties as affected by the combinations between 

bacterial inoculation and inducing material (over the two growing seasons) 

 

 

Treatments 

Root 

length 

(cm) 

Root 

diameter 

(cm) 

Sugar 

yield 

(ton fed
-1

) 

Sucrose 

% 

Purity 

% 

Na 

% 

K 

% 

Proline 

(mmol 

 g
-1

) 

Varieties  

Raspoly 26.68 8.25 5.23 20.56 87.56 3.16 4.84 4.16 

Halawa 24.04 8.32 5.29 20.63 87.74 3.19 4.83 4.18 

Melodia 24.64 8.39 5.30 20.58 87.49 3.11 4.86 4.18 

LSD at 5% 0.76 NS 0.04 0.02 0.12 NS NS NS 

Inocu. &Inducing 

Materials 

 

Control 23.52 6.90 4.05 19.81 83.16 3.10 5.19 5.30 

None+SA 25.47 7.74 4.93 20.62 87.50 2.86 4.73 3.70 

None+Prol 24.51 7.94 5.05 20.63 87.76 3.25 4.79 4.95 

Inoc+Water 24.84 8.00 5.71 20.72 88.24 3.12 4.91 3.65 

Inoc+SA 26.53 9.62 5.94 20.87 89.34 3.17 4.71 2.58 

Inoc+Prol 25.85 9.72 5.97 20.89 89.59 3.42 4.73 4.85 

LSD at 5% 0.31 0.25 0.06 0.04 0.22 0.08 0.03 0.05 

NS= None significant 

 

Table 3. Effect of the interaction between varieties and the combinations between bacterial inoculation and inducing 

material on some traits of sugar beet (over the two growing seasons) 

 

Varieties 

Inocu.& Inducing 

Materials 

Root length 

(cm) 

Root 

diameter 

(cm) 

Sugar yield 

(ton fed
-1

) 

Sucrose 

% 

Purity 

% 

 

Raspoly 

 

Control 24.75 6.90 4.05 19.68 82.50 

None+SA 26.51 8.05 4.85 20.63 87.53 

None+Prol 25.97 7.79 4.86 20.61 87.81 

Inoc+Water 26.49 7.71 5.70 20.74 88.41 

Inoc+SA 28.56 9.35 5.95 20.84 89.55 

Inoc+Prol 27.82 9.72 5.97 20.85 89.57 

 

 

Halawa 

Control 22.61 6.93 4.10 19.97 84.03 

None+SA 24.77 7.36 5.03 20.66 87.61 

None+Prol 23.83 8.05 5.05 20.66 88.02 

Inoc+Water 23.18 8.25 5.70 20.70 88.17 

Inoc+SA 25.16 9.62 5.90 20.90 89.10 

Inoc+Prol 24.69 9.71 5.97 20.89 89.52 

Melodia 

Control 23.21 6.88 4.00 19.78 82.95 

None+SA 25.14 7.81 4.91 20.58 87.36 

None+Prol 23.74 8.00 5.24 20.62 87.45 

Inoc+Water 24.85 8.06 5.72 20.72 88.14 

Inoc+SA 25.87 9.87 5.96 20.87 89.36 

Inoc+Prol 25.05 9.74 5.99 20.92 89.69 

LSD at 5% 0.55 0.44 0.10 0.07 0.38 
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 الملحٍتبىجز السكز تحت تأثٍز التلقٍح البكتٍزي َالمُاد المستحثً فً الأراضً  أصىافإوتاجٍت َجُدة بعض 
 مٍادة صبحً عبدالصادق واٌل ، حسه رمضان أحمد الدٌبت ، محمد إسماعٍل محمد سلُع ، صدٌق عبدالعزٌز صدٌق محٍسه

 بىٍاجامعت  -كلٍت الزراعت بمشتٍز -قسم المحاصٍل 

 

بحٕد  ًزكشراص سذر انخابعت نو فٙ يشرعت يحطت بحٕد 2021/2022ٔ 2020/2021ل انًٕسًٍٛ انشخٍٕٚٛ َفذث حجزبخاٌ حقهٛخاٌ خلا      

 بُجز سكز ثلاثت أصُافن ٔانجٕدة ، يصز. كاٌ انٓذف يٍ ْذِ انذراست ْٕ حقٛٛى انًحصٕل ٔبعض يكَٕاحّغزب شبّ جشٚزة سُٛاء، انصحزاء

انخهقٛح انبكخٛزٖ+ عذو ) يٍ انخهقٛح انبكخٛزٖ ٔانًٕاد انًسخحثّ يعايلاثسخت  باسخخذاو ظزٔف انخزبت انًهحٛت( ححج ِ ٔيٛهٕدٚاراص بٕنٗ ٔ حلأ)

انخهقٛح انبكخٛزٖ+ انزش  بانًاء، عذو انخهقٛح انبكخٛز٘+ انزش انٕرقٙ بانسهسٛك ، عذو انخهقٛح انبكخٛزٖ+ انزش انٕرقٗ بانبزٔنٍٛ، ٙانزش انٕرق

 (. بانًاء، انخهقٛح انبكخٛز٘+ انزش انٕرقٙ بانسهسٛك ، انخهقٛح انبكخٛزٖ+ انزش انٕرقٗ بانبزٔنٍٛ ٙانٕرق

حفٕق عانٙ  يٛهٕدٚابًُٛا أظٓز انصُف َسبت انُقأة )%(.  ٔ( %) انسكزٔس َسبت نصفاث حلأةأظٓزث انُخائج حفٕق عانٙ انًعُٕٚت نهصُف       

ظزٔف ححج نصفت طٕل انجذر )سى(  انًعُٕٚت عانٙفٙ حٍٛ أٌ انصُف راص بٕنٗ أعطٗ حفٕق  (1-فذاٌيحصٕل انسكز )طٍ  نصفت انًعُٕٚت 

 نهخحهٛم انخجًٛعٙ نًٕسًٙ انشراعت.  انخزبت انًهحٛت

سبت ٔ َ (1-نصفاث قطز انجذر )سى( ٔ يحصٕل انسكز )طٍ فذاٌسٚادة يعُٕٚت  + انزش انٕرقٙ بانبزٔنٍٛانبكخٛز٘انخهقٛح أعطج يعايهت       

نصفاث  انخهقٛح انبكخٛز٘+ انزش انٕرق حفٕق عانٙ انًعُٕٚتعذو . بًُٛا سجهج يعايهت  انسكزٔس )%( ٔ َسبت انُقأة )%( َٔسبت انصٕدٕٚو )%(

انخهقٛح انبكخٛز٘+ انزش انٕرقٙ بانسهسٛك حفٕق عانٙ انًعُٕٚت نصفت طٕل  (. ٔأعطج يعايهت 1-َسبت انبٕحاسٕٛو )%( ٔ انبزٔنٍٛ )يههٙ يٕل جى

 نهخحهٛم انخجًٛعٙ نًٕسًٙ انشراعت.   ظزٔف انخزبت انًهحٛت ححجانجذر )سى( 

 انجذر،قطز  ،انجذرفزٔق يعُٕٚت نصفاث طٕل  انبكخٛز٘ ٔانًٕاد انًسخحثّبٍٛ انخهقٛح  انخهٛظٔ بُجز انسكزأظٓز انخفاعم بٍٛ أصُاف       

 نخحهٛم انضى نًٕسًٙ انشراعت.  ظزٔف انخزبت انًهحٛتححج  يحصٕل انسكز، َسبت انسكزٔس َٔسبت انُقأة

تحت ظزَف مٍلُدٌا  مع معاملت التلقٍح البكتٍزي+ الزش الُرقً بالبزَلٍه راس بُلى أَ حلاَة أَ بزراعت صىف  الدراستتُصً ٌذي  

 ٌذي التجزبت.  

 

 

 

 

 

 


