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ROUGHT stress affects greatly on sugar beet productivity; thus, two field trials were conducted 

to investigate the effects of foliar applications of L-ornithine (150 ppm), ascorbic acid (500 

ppm), and silicon (2000 ppm) regarding the performance of three sugar beet cultivars (Neagre, 

Dreeman, and BTS 645) under four irrigation levels (50%, 40%, 30%, and 20% of field capacity 

(FC)) in clay loam soil. Results showed that anti-stress compounds, irrigation levels, and cultivars 

significantly affected growth traits (dry weight of leaves and roots, leaf area index) and yields of top, 

root, and white sugar. Sucrose and extractable sucrose percentages were enhanced under moderate 

drought levels. However, irrigation at 20% FC had the most adverse effects, reducing extractable 

sucrose by 1.3-2.7%, root yield by 29-33%, and white sugar yield by 38-40% compared to irrigation 

at 50% FC. Cultivar performance varied under different drought and anti-stress compound 

combinations. Watering plants at 40 or 50% FC and spraying it with L-ornithine increased root 

weight and yields, while watering at 30 or 40% FC and spraying with ascorbic acid or silicon 

increased sucrose and extractable sucrose contents. Among the compounds, L-ornithine had the 

greatest impact on growth and yield traits, while ascorbic acid and silicon influenced the chemical 

constituents of beet juice. The Dreeman cultivar exhibited the highest drought tolerance based on 

tolerance index (TOL), stress susceptibility index (SSI), geometric mean production (GMP), and 

stress tolerance index (STI) for root and sugar yields. GMP and SSI indices are effective for selecting 

high-yielding, stress-tolerant genotypes. 
 

Keywords: Sugar beet, Quality and yield, Water stress, Anti-stress compounds, Drought indices.   

                     

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Scheme referring methodology and important results of study along plant growth for determining 

performances of three sugar beet cultivars (NEGRE , DREEMAN and BTS-645), due to  influence of anti-drought 

stress compounds (L-Ornethine, Ascorbic Acid and Silicon) compared control for increase yield productivity under 

different four water treatments  according field capacity (FC %) during two field trials. 

 
: increasing and,     reduction of yield respectively, stress tolerance (TOL), geometric mean of productivity 

(GMP), stress tolerance index (STI),) and stress susceptibility index (SSI). 
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Introduction  

In Egypt, sugar beet (Beta vulgaris L.) contributes 

about 64  % of sugar production annually. It's 

considered the greatest benefits of sugar beet crop 

due to its potentiality grown under the margin 

lands (calcareous, saline, alkaline and poor fertile 

soils), as a strategic crop as well as its more 

exceeded production of sugar under these 

conditions comparing with sugar cane. However, 

water stress problems are classified as one of the 

most obstacles that facing these areas. Obviously 

fresh water is necessary for vegetative growth in 

order to exceed plant crop productivity noted by 

Darwesh et al., 2019). Therefore, water limits and 

drought conditions especially in arid and semiarid 

zones which influenced by dramatic climate 

changes are considered the main factors affecting 

the yield and productivity of agricultural crops in 

many regions all over the world (Riccardi et al., 

2016). The response of sugar beet plants to 

drought at the crop level is a complex process 

because its response involves the integration of 

stress effects at all stages of crop development. 

Drought stress inhabits growth of crop plants by 

several influences of physiological and 

biochemical metabolic processes, for example 

respiration, photosynthesis systems, ion uptake, 

translocation, carbohydrates, nutrient metabolism 

and growth promoters (Farooq et al., 2008). 

Basically, fresh root weight of sugar beet under 

water stress will almost always decrease, 

although dehydration brought on by water stress 

can raise sucrose content on a fresh weight basis. 

(Masri et al., 2015) reported that in spite of 75 % 

of irrigation water requirements were applied, the 

production of sucrose was scarcely affected. 

However, Hoffmann (2010) reported that the 

presence of compatible solutes such as K, Na, 

amino acids, glycine betaine, glucose, and 

fructose in the storage root of sugar beet during 

drought conditions could potentially hinder the 

accumulation of sucrose. (Bnhassan-Kesri et al., 

2002). reported that abiotic stresses, especially 

drought stress, influenced greatly of plant cell 

growth.  Besides, this type of stress induced 

multiple effects behave habitat of cell division 

and growth rates. (Richter et al., 2001). found that 

drought stress is playing vital role of yield loss on 

sugar beet in the UK. (Jaggard et al.,1998) 

recorded a reduction of 10% annually in sugar 

beet yield production and in rare rains dates it 

decreasedyields by up to 50%, equivalent to 4 

tons of sugar ha
-1

. Many investigators recorded 

variable and significant decreases in growth, 

quality and assessment characteristics of sugar 

beet varieties that were grown under water stress 

conditions; (Stagnari etal., 2014), (Tarkalson and 

King, 2014), (Masri et al.,2015), Moosaviet al. 

(2017), Mahmoud etal., 2018), (Hamed and 

Emara, 2019), (Abu-Ellail and El-Mansoub, 

2020). Islam et al.,(2020), (Ghaffari et al., 2021), 

(Yassin et al.,2022) and (Prysiazhniuk et al., 

2023). Generally, Agricultural sector faces a 

significant challenge in producing more food with 

less water. This can be accomplished by 

effectively managing the water requirements of 

plants grown under deficit irrigation. Nowadays, 

new released varieties have been developed to 

improve plant performance in stressful 

environmental conditions. Exogenous 

administration of antioxidants including silicon, 

ascorbic acid, and L-ornithine has been shown in 

numerous experiments to improve agricultural 

drought resistance. (Ahmed et al., (2013), Latif 

et al., (2016), Hussein et al., (2019), Abid et al., 

(2020). Veroneze-Júnior et al., 2020; Abd El-

Gawadet al., 2021). Referring to these studies, 

applying these compounds can improve several 

plant parameters, including morphology studies, 

photosynthetic system, gas exchange attributes 

and relative water content (RWC). Additionally, 

using of these compounds facilitates the 

accumulation of osmoles and antioxidants, which 

helps in maintaining osmotic balance within the 

plants. Although polyamines are recognized to be 

important plant growth regulators and to have a 

good effect under a variety of stressors, that are 

relatively expensive compounds.Therefore, the 

beneficial effects of polyamines can be obtained 

at low cost by using the precursor of these 

compounds. L-ornithine is the promoter of 

polyamines which are very important for plant 

growth regulation and its development (Martin-

Tanguy, 2001). Using of L-ornithine via spraying 

application has been linked to improvements in 

various aspects of plant physiology. These 

include enhanced levels of photosynthetic 

pigments, protein profiles, and antioxidant 

enzymes like catalase and peroxidase, alongside 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib67
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib125
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib1
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reduced lipid peroxidation. Moreover, it increases 

amino acids and total soluble sugars, raising up 

enhancement drought tolerance in sugar beet 

plants. (Hussein et al., 2019). Application of 

Silicon to plants, actually, impacted for 

dehydration resistance at tissue or cellular levels 

by development the water status (Gao et al., 2006). 

Due to silicon reduces oxidative damage to 

functional molecules and amplifies anti-oxidant 

defense mechanisms; it improves drought tolerance 

in plant crops(Gong et al., 2005). According to 

Cooke and Leishman (2011), silicon strengthens 

cells and helps plants adapt to environmental 

stressors. Under stressed situations, plants 

frequently produce excessive amounts of reactive 

oxygen species (ROS).One of the most common 

non-enzymatic antioxidants, ascorbic acid (vitamin 

C) has the ability to both scavenge reactive oxygen 

species (ROS) and modify a number of essential 

plant processes in both stressed and unstressed 

environments (Fig. 1).  

In addition to, Ascorbic acid is playing a vital 

role to support formation for proteins and lipids 

under stress conditions. where the applying seed 

soaking with the addition of foliar spraying by 

200 ppm concentration of ascorbic acid for sugar 

beet grown under salt stress significantly 

increased root yield by (6.99 and 4.54 tons/fed) 

and productivity sugar yield by (2.19 and 2.06 

tons/fed) over that gained by untreated plants 

(Abdel Fatah and Sadek, 2020). This 

investigation study was carried out to mining 

valuable information that can be used to adopt 

proper treatments for improving sugar beet 

productivity with future drought prospects under 

arid regions. Thus, the objectives of the study 

were to: a- Evaluation of yield and quality traits 

of some sugar beet cultivars under different 

water stress regimes, b- Study the role of some 

anti-stress compounds in enhancing yield and 

quality traits of sugar beet under different water 

stress conditions, c- Estimating the most 

selection criteria related to drought tolerant in 

sugar beet. 

 

Materials and Methods: 

 

Experimental site and its characteristics 

Two field experiments were carried out during 

the Two field experiments were carried out 

during the 2020/2021 and 2021/2022 seasons at 

the Agriculture Experimental Research Station, 

Faculty of Agriculture, Cairo University, Giza, 

Egypt. The Experiment location was 22.50 m 

above sea level and it is situated within 30°, 02´ 

N latitude and 31°, 13´ E longitude. Averages of 

weather parameters obtained from Nasa pro in 

the experimental location such as (temperature 

c°, Precipitation mm and relative humidity %) 

whereas Figure 2 presented the recorded data 

monthly during plant growth habit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Averages of weather parameters 

(temperature c°, Precipitation (mm) & 

relative humidity %) recorded monthly 

during plant growth habit in the experimental 

site for both seasons.  
 

Soil samples (0–0.3 m) were taken in autumn 

before application of fertilizers and soil 

properties were determined according to the 

standard method. Preceding crops and soil 

properties of the sugar beet experimental fields 

in both seasons are listed in Table (1). Data in 

Table (1) indicated that the soil of the 

experimental site was clay loam and poor in 

organic matter and no salinity problems were 

observed.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8760038/#bib57
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Table 1. Preceding crops and properties of sugar beet experimental fields during 2020/21and 

2021/22 seasons. 

    2020/21 season 2021/22 season 

Preceding crop Faba bean Corn 

Physical properties 

Sand % 40 38 

Silt %  20 23 

Clay % 40 39 

Soil texture  Clay loam Clay loam 

Chemical properties 
    

pH 7.30 7.50 

EC (mmhos/cm) 0.72 0.80 

Organic matter % 2.15 1.95 

Available N % 0.52 0.46 

Available P (mg kg
-1

) 4.85 4.22 

Available K (mg kg-1) 74.00 65.00 

Available Na (mg kg-1) 85.00 98.00 

Available Fe (ppm) 4.20 4.12 

Available Zn (ppm) 3.40 3.25 

Available Mn (ppm) 4.30 4.20 
 

Experimental materials and procedures 

Plant materials: 

Multi-germ seeds of three sugar beet cultivars; 

Neagre, Dreeman, and BTS 645 were obtained 

from Nobaria Sugar and Refining Company. 

Seeds of sugar beet cultivars were sown on 

ridges 60 cm apart and 17.5 cm between hills to 

ensure 40 thousand plants/feddan (feddan= 4200 

m
2
). Sugar beet seeds were sown on the second 

week of October of each season. Nitrogen was 

added at a rate of 60 kg N/feddan in the form of 

ammonium nitrates (33.5% N) in two equal 

splits, the first was applied after thinning at 5-

leaf stage and other split were added at one 

month later. Phosphorous in the form of 

superphosphate (15.5%) at the rate of 15.5 Kg 

P2O5 /feddan was added before sowing and 

during soil preparation. Potassium in the form of 

potassium sulfate (48%) was added at the rate of 

24 Kg K2O/feddan with the first dose of 

nitrogen. Thinning took place to one plant/hillat 

5-leaf stage (about 5 weeks from planting). Other 

cultural practices were done as recommended. 

Water stress treatments: Soil moisture depletion 

of 50%, 40%, 30% and 20% of field capacity 

under surface irrigation system were considered 

for experimentation. The field capacity of the soil 

is the amount of water a well-drained soil holds 

after free water has drained off. It is thus, the 

maximum amount of water, a soil can hold 

against gravity. After 48 hours of field surface 

irrigation, soil samples were taken from the 

experimental treatments at depths of 20, 30 and 

40 cm from three different sites of experimental 

field by Soil Auger. Mixed samples were 

weighed and put in an electric oven at a 

temperature of 105 C0 for 24 hours. Dried 

samples were weighed and field capacity was 

recognized via Souza et al. (2000). The field 

capacity of the experimental soil (clay loam) was 

found to be 50 %. For measuring soil moisture 

content during the different stages of crop 

growth, Tensiometerswere placed at the top, 

middle, and bottom regions of the field in the 

plant row where roots are concentrated and 

taking up the most water. Water stress treatments 

started 50 days later after seed sowing. Anti-

stress compounds: Three different compounds 

were applied; L-ornithine (150 ppm), Ascorbic 

Acid (500 ppm) and Silicon (2000 ppm). Foliar 

application of anti-stress compounds as well as 

the control treatment (no spraying) started 35 

days after planting and immediately before 

irrigation. Each water stress treatment received 

three spraying of each anti-stress compound 

across the growing season. Experimental design: 

Experimental treatments were laid out in figure 3 

as a strip split plot design with three replicates in 

according to Gomez and Gomez (1984). The 

experimental treatments were distributed as 

follows: the horizontal factor (three different 

anti-stress compounds as well as the control 

treatment), the vertical factor (4 levels of water 

stresses treatments) and the subplot factor (three 

sugar beet cultivars). The sub plot area was 15m
2
 

and consisted of five ridges of 5m in length and 

60cm apart to ensure about 143 plants/sub plot. 
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Fig. 3. Experimental layout for 3 studied factors (A,B and C) arranged due to Strip split plot design 

with 3 replicates. 

 

Data recorded: 

At 130 days after planting a representative 

sample was taken from each treatment to 

determine Leaf area index, shoot and root 

weights per plant. Shoots and roots were dried at 

70c
0
 for 72 hours then root top ratio was 

calculated. Leaf area index (LAI) = unit leaf area 

per plant (cm2)/ plant ground area (cm2)] was 

determined according to Watson (1958) and leaf 

area was determined using area meter, ATA60, 

Model 3100. Sugar beet plants harvest took place 

after 200 days from sowing in both seasons. At 

harvest twenty roots from each subplot were 

taken to determine the following traits at the lab 

of Nobaria Sugar and refining companies that 

determine sucrose percentage in juice quality 

characteristics by using a saccharometer with 

lead acetate extract from freshly moderated roots 

according to Carruthers and Oldfield (1960). The 

percentages of Potassium (K), Sodium (Na) and 

α-amino-N were determined. Extractable sugar 

percentage (ES %) was determined according to 

the following formula ES% = pol- [0.343(K + 

Na) + 0.094 α-amino N + 0.29] according to 

Renfieldet al (1974), where Pol = sucrose 

percentage, juice quality percentage (QZ) = 

(ES%/ pol) x 100, impurities percentage = 

[0.343(K + Na) + 0.094 α-amino N + 0.29]. 

Yields: top and root yields (ton/fed) were 

calculated on plot basis and white sugar yield 

(ton/fed) = root yield x (ES%/100). 

 

Drought tolerance indices: 

Selection criteria for identification of drought 

tolerant genotypes have been proposed. These 

criteria are based on relative yields in stress and 

non-stress conditions. Stress tolerance indicators 

useful for selecting adapted genotypes included: 

Tolerance index (TOL) = YP - YS (Rosielle and 

Hamblin, 1981), Geometric mean productivity 

(GMP) = √𝑌𝑝 . 𝑌𝑠   (Fernandez, 1992), Stress 

tolerance index (STI) = [(YP × YS) / (Ÿp)
2
] 

(Fernandez, 1992), Stress susceptibility index 

(SSI) = [1 - (YS/YP)]/DII  and drought intensity 

index (DII) = 1 - (ŸS / ŸP) (Fischer and Maurer, 

1978), where Yp and Ys represents a genotype 

mean yield under non stress and stress 

conditions, respectively, while ŸP and ŸS 

represents mean yield of all genotypes under non 

stress and stress conditions, respectively. 

Statistical analysis  

Collected data were statistically analyzed using 

analysis of variance of the strip spilt plot design 
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according to procedures outlined by Gomez and 

Gomez (1984) using MSTAT-C computer 

package (Freed et al., 1989). Treatment mean 

comparisons were performed using least 

significant difference (LSD) at 5% level of 

probability. The correlation coefficients between 

different stress tolerance indicators (TOL, GMP, 

STI and SSI) and the differential yield responses 

under the contrasting environments were 

computed using MSTAT-C computer package. 
 

Results and Discussion: 

Main effects: 

Data presented in Table 2 show effects of anti-

stress compounds, drought treatments and sugar 

beet cultivars on dry leaves and roots, root top 

ratio and leaf area index in 2020/2021 and 

2021/2022 seasons. Anti-stress compounds had a 

significant (P ≤ 0.05) effect on all studied growth 

traits in both seasons except root top ratio in the 

first one. Foliar application of L-ornithine 

showed superiority over the other two 

compounds for dry leaves and roots weight and 

leaf area index. However, no one of the three 

compounds surpassed the control treatment (no 

spraying) except L-ornithine for leaves dry 

weight in the 2
nd

 season and leaf area index in the 

first season, which indicates that these 

compounds may have been used below the ideal 

rate. Water stress treatments had a significant (P 

≤ 0.05) effect on growth characteristics. 

Increasing water stress levels up to 30% and 20% 

of field capacity had a negative and significant 

effect on dry leaves and roots and leaf area index 

during the two seasons. The lowest values of dry 

leaves (73.69 and 73.58 g), dry roots (151.26 and 

167.48 g) and leaf area index (1.21 and 1.18) 

were recorded when irrigation of sugar beet 

plants at 20% of field capacity in both first and 

second seasons, respectively. Three studies have 

demonstrated adverse impacts of water stress on 

sugar beetroot growth: Mahmoud et al. (2018), 

Ghaffariet al. (2021), and Stagnari et al. (2014). 

The four growth characteristics dry leaves and 

roots, root top ratio, and leaf area index were 

very different amongst the cultivars of sugar 

beetroot over the two growing seasons. Dreeman 

showed superiority in most growth traits except 

for leaves dry weight in the first season.                                                                                                                                        

Table 2. Main effects of anti-stress compounds, water stress and varieties on some growth parameters of sugar 

beet during 2021 and 2022 harvesting seasons. 

Treatments 

Leaves dry weight (g) Root dry weight (g) 
Root Top  

Ratio 

Leaf area index 

 (LAI) 

1st Season 
2nd 

Season 
1st Season 

2nd 

Season 
1st Season 

2nd 

Season 
1st Season 

2nd 

Season 

 
Anti-stress compounds 

Control 96.70a 99.57b 269.30a 238.34a 2.86a 2.39bc 2.16b 2.09a 

L-Ornithine (150 

ppm) 
95.40a 107.21a 240.97b 249.00a 2.70a 2.40b 2.49a 2.19a 

Ascorbic Acid  

(500 ppm) 
89.09b 93.11c 227.08c 202.89b 2.70a 2.30c 1.90c 1.90b 

Silicon  

(2000 ppm) 
74.60c 86.29d 212.56d 248.61a 2.93a 3.02a 1.98c 1.97b 

L.S.D.at 5% 3.29 3.86 10.03 10.79 ns 0.81 0.11 0.10 

 
Water stress (As % of field capacity) 

50 97.13 b 106.18 b 270.98 b 329.26 a 2.98b 3.14 a 3.10 a 2.79 a 

40 111.49 a 114.30 a 286.91 a 217.15 b 2.76 c 1.95 c 2.47 b 2.53 b 

30 73.48 c 92.12 c 240.76 c 224.94 b 3.33 a 2.52 b 1.76 c 1.65 c 

20 73.69 c 73.58 d 151.26 d 167.48c 2.12 d 2.50 b 1.21 d 1.18 d 

L.S.D.at 5% 3.29 3.77 11.48 15.08 0.11 0.14 0.13 0.14 

 
Sugar beet varieties 

Neagre 90.42a 94.44b 233.02b 223.02b 2.67b 2.54b 2.01b 1.85b 

Dreeman 83.77b 100.22a 235.46b 262.81a 2.96a 2.67a 2.19a 2.11a 

BTS 645 92.66a 94.97b 243.95a 218.29b 2.76b 2.38c 2.20a 2.15a 

L.S.D.at 5% 3.27 3.03 6.37 9.55 0.12 0.10 0.10 0.08 
 

Data presented in Table 3 show the effects of 

anti-stress compounds, drought treatments and 

sugar beet cultivars on impurities contents (K%, 

Na % and α- amino Nitrogen %) in sugar beet 

juice in 2020/2021 and 2021/2022 seasons. 

Quality of sugar beet root depends not only on 

the amount of sucrose in the collected roots but it 

also on the amount of naturally occurring soluble 
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components of the root, known as contaminants, 

which prevent sucrose from being extracted 

during regular factory operations (Campbell, 

2002). 1.5 to 1.8 kg of sucrose cannot crystallize 

for every kilogram of impurities; as a result, the 

sucrose is lost to molasses (Dutton and 

Huijbregts, 2006). Sodium has a greater 

influence than potassium or amino-nitrogen on 

determining the relative sucrose concentration 

(Campbell and Fugate, 2015). In the present 

study, anti-stress compounds had no appreciable 

impact on contaminantscontents throughout 

either season. Except for sodium content in the 

first season. Impurities contents in terms of 

Sodium and α- amino Nitrogen insignificantly 

were affected by water stress levels, while 

potassium content was significantly affected by 

water stress conditions and the high percentage 

of potassium (4.50 and 5.08%) was recorded in 

plants irrigated at 50% of field capacity in both 

seasons. Sugar beet cultivars varied significantly 

in their contents of juice impurities in both 

seasons except for sodium and α- amino Nitrogen 

in the first season.  

 

Table 3. Main effects of anti-stress compounds, water stress and varieties on impurities content in sugar 

beet juice during 2021 and 2022 harvesting seasons. 

Treatments 

Potassium (K %) Sodium (Na %) α- amino Nitrogen % 

1
st 

Season 
2

nd
 

Season 
1

st 
Season 

2
nd

 

Season 
1

st 
Season 

2
nd

 

Season 

 
Anti-stress compounds 

Control 4.02
a
 4.67

a
 1.49

b
 2.64

a
 1.30

a
 1.68

a
 

L-Ornithine (150 ppm) 4.10
a
 4.64

a
 1.39

b
 2.49

a
 1.38

a
 1.77

a
 

Ascorbic Acid (500 ppm) 4.12
a
 4.51

a
 1.529

ab
 2.40

a
 1.30

a
 1.60

a
 

Silicon (2000 ppm) 4.15
a
 4.60

a
 1.74

a
 2.60

a
 1.35

a
 1.64

a
 

L.S.D.at 5% ns ns 0.23 ns ns ns 

 
Water stress (As % of field capacity) 

50 4.50 
a
 5.08 

a
 1.90 

a
 2.24 

a
 1.45 

a
 1.64 

a
 

40 3.92 
b
 4.71 

ab
 1.56 

a
 2.54  

a
 1.17 

a
 1.50  

a
 

30 3.80 
b
 4.21 

b
 1.29 

a
 2.76 

a
 1.30 

a
 1.75 

a
 

20 4.16 
ab

 4.42 
b
 1.39 

a
 2.58 

a
 1.42 

a
 1.79 

a
 

L.S.D.at 5% 0.41 0.56 ns ns ns ns 

 
Sugar beet varieties 

Neagre 3.94
b
 4.63

b
 1.47

a
 2.54

a
 1.42

a
 1.86

a
 

Dreeman 3.96
b
 4.36

c
 1.53

a
 2.74

a
 1.25

a
 1.59

b
 

BTS 645 4.39
a
 4.82

a
 1.61

a
 2.32

b
 1.32

a
 1.57

b
 

L.S.D.at 5% 0.19 0.18 ns 0.21 ns 0.17 
 

Data presented in Table 4 show the effects of 

anti-stress compounds, drought treatments and 

sugar beet cultivars on juice characteristics to 

sugar%, quality % and extractable sucrose % in 

2020/2021 and 2021/2022 seasons. As a result of 

their insignificant effects on impurities contents, 

anti-stress compounds had no discernible impact 

on the quality attributesexcept for extractable 

sucrose in the second season. Foliar application 

of ascorbic acid in the second season was 

recorded the highest percentage of extractable 

sucrose (17.09 %). Drought treatments had a 

significant effect on all studied quality traits in 

both seasons except on quality percent in the first 

season. The lowest percentage of sucrose (17.57 

and 17.83 %) and extractable sucrose (15.24 and 

14.98%) was obtained by increasing drought 

level up to 20% of field capacity in the first and 

second seasons, respectively. The adverse effect 

of drought stress on the quality traits of sugar 

beet has been reported by (Masri et al., 2015), 

(Hamed and Emara 2019), Abu-Ellail and El-

Mansoub 2020). Sugar beet cultivars varied 

significantly in their quality traits only in the first 
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season and the highest percentage of sucrose 

(19.15 and 19.78 %) and extractable sucrose 

(16.87 and 16.86 %) was recorded by the cultivar 

Neagre in both seasons. Differences Among 

sugar beet cultivars in quality traits have been 

reported by (Masri and Safina 2015) and 

(Mahmoud et al., 2018). 

 

Table 4. Main effects of anti-stress compounds, water stress and varieties on juice quality traits of 

sugar beet during 2021 and 2022 harvesting seasons. 

Treatments 

Sucrose % Quality % Extractable sucrose % 

1
st 

Season 

2
nd

 

Season 

1
st 

Season 

2
nd

 

Season 

1
st 

Season 

2
nd

 

Season 

 
Anti-stress compounds 

Control 18.55
a
 19.61

a
 87.52

a
 84.86

a
 16.25

a
 16.66

b
 

L-Ornithine (150 ppm) 18.57
a
 19.55

a
 87.54

a
 84.98

a
 16.27

a
 16.64

b
 

Ascorbic Acid (500 ppm) 18.77
a
 19.90

a
 87.42

a
 85.82

a
 16.43

a
 17.09

a
 

Silicon (2000 ppm) 18.90
a
 19.85

a
 87.07

a
 85.19

a
 16.47

a
 16.94

ab
 

L.S.D.at 5% ns ns ns ns ns 0.36 

 
Water stress (As % of field capacity) 

50 19.16 
ab

 20.65 
a
 86.29

a
 85.62 

a
 16.53 

ab
 17.69 

ab
 

40 18.71
b
 20.80 

a
 87.76 

a
 85.88 

a
 16.43 

b
 17.88 

a
 

30 19.36 
a
 19.62 

a
 88.79 

a
 85.46 

a
 17.20 

a
 16.78 

b
 

20 17.57 
c
 17.83 

b
 86.71 

a
 83.89 

b
 15.24 

c
 14.98 

c
 

L.S.D.at 5% 0.44 1.24 ns 1.47 0.72 1.06 

 
Sugar beet varieties 

Neagre 19.15
a
 19.78

a
 88.06

a
 85.11 

a
 16.87

a
 16.86 

a
 

Dreeman 18.46
b
 19.61

a
 87.55

a
 85.21 

a
 16.17

b
 16.73 

a
 

BTS 645 18.48
b
 19.77

a
 86.55

b
 85.31 

a
 16.01

b
 16.90 

a
 

L.S.D.at 5% 0.24 ns 0.70 ns 0.30 ns 
 

Data presented in Table 5 show the effects of 

anti-stress compounds, drought treatments and 

sugar beet cultivars on mean root weight and 

yields of top, roots and white sugar in 2020/2021 

and 2021/2022 seasons. Data in Table 5 revealed 

that mean root weight and yields of top, roots and 

white sugar were significantly affected by 

application of anti-stress compounds during the 

two growing seasons. The control (no spraying) 

and L-ornithine treatments were significantly 

better than ascorbic acid and silicon in their 

effects on all the previously mentioned traits in 

both seasons. It is noted that although anti-stress 

compounds used in this study varied significantly 

among themselves in their effect on the traits 

under study, none of them significantly 

outperformed the control treatment. Therefore, 

the use of such substances as anti-drought stress 

in sugar beets requires further study, either in 

terms of the doses used or in the methodology 

and timing of their use to elucidate the 

biochemical impact of such compounds on 

plants. Mean root weight and yields of top, roots 

and white sugar were significantly influenced by 

irrigation levels for each season. Increasing water 

stress from one level to another led to a 

noticeable significant decrease in the value of the 

previously mentioned traits in both seasons. 

However, the most adversely affect was when 

watering sugar beet plants at 20% of field 

capacity. Increasing drought level up to 20% 

reduced the values of root weight (about 33% 

and 30%), top yield (about 32% and 28%), root 

yield (about33% and 29%) and sugar yield 

(about 38% and 40%) as compared to watering 

plants at 50% of field capacity in the first and 
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second seasons, respectively. The reduction in 

sugar beet yields due to drought stress has been 

reported by Tarkalson and King (2014), (Masri et 

al., 2015), (Mahmoud et al., 2018), (Ghaffari et 

al., 2021 and Yassin et al., 2022).Sugar beet 

cultivars varied significantly in their mean root 

weight, top yield, roots yield and white sugar 

yield in both seasons. The cultivar Dreeman gave 

the highest and significant beet root yield (19.41 

and 17.85 ton/fed.) and beet sugar yield (3.13 

and 3.01 ton/fed.) in the first and second seasons, 

respectively. The superiority of the cultivar 

Dreeman in sugar yield was due to its superiority 

in root yield rather than its sucrose content. 

Variability in beet yields among sugar beet 

genotypes was recorded by Tarkalson and King 

(2014), Mahmoud et al., 2018) and Abu-Ellail 

and El-Mansoub (2020). 

 

Table 5. Main effects of anti-stress compounds, water stress and varieties on mean root weight and sugar beet 

yields during 2021 and 2022 harvesting seasons. 
 

Treatments 

Mean root weight 

(kg) 
Top yield (ton/fed.) Root yield (ton/fed.) 

Sugar yield 

(ton/fed.) 

1st 

Season 

2nd 

Season 

1st 

Season 

2nd 

Season 

1st 

Season 

2nd 

Season 

1st 

Season  
2nd 

Season  

 
Anti-stress compounds 

Control 0.98a 0.92a 9.73a 9.46a 19.09b 18.33a 3.10b 3.07a 

L-Ornithine  

(150 ppm) 
0.98a 0.90b 9.65ab 8.89bc 20.25a 18.19a 3.31a 3.06a 

Ascorbic Acid  

(500 ppm) 
0.80c 0.78d 9.03c 8.72c 16.67d 16.36b 2.74c 2.81b 

Silicon 

 (2000 ppm) 
0.86b 0.82c 9.29bc 9.08b 17.56c 16.48c 2.89c 2.82b 

L.S.D.at 5% 0.04 0.02 0.37 0.26 0.51 0.41 0.18 0.09 

 
Water stress (As % of field capacity) 

50 1.11a 1.04 a 11.37 a 10.55 a 21.78 a 20.34 a 3.59 a 3.60 a 

40 0.93 b 0.85 b 10.02 b 9.58 b 20.11b 18.11 b 3.31 b 3.23 b 

30 0.83 c 0.80 c 8.61 c 8.41 c 16.99 c 16.47 c 2.90 c 2.76 c 

20 0.74 d 0.73 d 7.70 d 7.63 d 14.70 d 14.44 d 2.23 d 2.16 d 

L.S.D.at 5% 0.05 0.03 0.45 0.19 0.55 0.50 0.18 0.17 

 
Sugar beet varieties 

Neagre 0.83b 0.84b 8.85b 8.83c 16.83c 16.87c 2.84c 2.86b 

Dreeman 0.93a 0.87a 9.63a 9.04b 19.41a 17.85a 3.13a 3.01a 

BTS 645 0.95a 0.86ab 9.80a 9.25a 18.94b 17.30b 3.05b 2.95ab 

L.S.D.at 5% 0.03 0.02 0.22 0.18 0.32 0.33 0.07 0.09 
 

Interaction effects:  

Means effect of the interaction between anti-

stress compounds and water stress in 2020/2021 

and 2021/2022 seasons: Results in Table 6 

indicated that dry leaves and root, root top ratio, 

leaf area index and impurities contents 

(potassium, sodium and α- amino nitrogen) were 

significantly affected by the interaction between 

anti-stress compounds and water stress in both 

seasons except for potassium content in the first 

one. The interaction effect on studied traits 

fluctuates from one season to another, since 

irrigation plants at 40 % of field capacity with no 

spraying of anti-stress compounds gave the 

highest value of leaves dry weight (130.96 g) and 

root dry weight (349.76 g) in the first season. In 

the second season, irrigation plants with 40 % of 

field capacity and spraying them with L-ornithine 

gave the highest value of leaves dry weight 

(140.79 g), while irrigation plants at 50 % of 

field capacity with no spraying of anti-stress 

compounds gave the highest value of root dry 

weight (364.24 g). The highest value of leaf area 

index (3.65 and 2.94) was recorded for plants 

irrigated at 50 % of field capacity and sprayed 

with L-ornithine in both seasons. The lowest 

value of sodium (1.07 and 1.75 %); the most 

effective component of beet juice impurities in 

determining relative sucrose concentration 

(Campbell and Fugate, 2015) was recorded in 

plants irrigated at 30 % of field capacity and 

sprayed with ascorbic acid and plants irrigated at 

50 % of field capacity and sprayed with L-

ornithine in the first and second seasons 

respectively. The significance of interaction 

between drought stress and L-ornithine has been 

reported for growth traits in sugar beet by 

(Hussein et al., 2019). 

Results in table 7 presented that interaction 

between anti-stress compounds and water stress 

in both seasons were significantly affected for 

the weight of mean root and yields of top, roots 

and sugar. However, sucrose content, quality 

percent and extractable sucrose content were 

significantly affected by the interaction only in 
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the second season. Watering sugar beet plants at 

40 or 50 % of field capacity and spraying them 

with L-ornithine gave the highest value of root 

weight (1.19 and 1.14 kg), top yield (11.79 and 

11.53 ton/fed.), root yield (24.14 and 22.15 

ton/fed.) and sugar yield (4.03 and 3.92 ton/fed.) 

in the first and second seasons, respectively. 

Exceeding sugar beet yield through L-ornithine 

application was due to the role of this compound 

as a precursor and formed of polyamines that are 

proper in the regulation of plant growth and 

development especially under stress 

environments (Martin-Tanguy, 2001). Watering 

sugar beet plants at 30 or 40 % of field capacity 

and sprayed it with ascorbic acid or silicon gave 

the highest value of sucrose content (19.96 and 

21.42 %) and extractable sucrose (17.89 and 

18.62 %) in the first and second seasons, 

respectively. Compounds such as ascorbic acid 

and silicon appear to play an important role in 

the biochemical reactions of plants grown under 

abiotic stress conditions (Gong et al., 2005, Gao 

et al., 2006, Cooke and Leishman, 2011). The 

role of ascorbic acid in reducing juice impurities 

and increasing sucrose content in sugar beet was 

reported by (Abdel Fatah and Sadek 2020). 

 

Table 6. Interactive effect of anti-stress compounds × water stress on some agronomic traits of sugar beet 

during 2021 and 2022 harvesting seasons. 

Anti-stress 

compounds 

Water 

stress as % 

of field 

capacity 

Leaves 

dry 

weight 

(g) 

Root 

dry 

weight 

(g) 

Root 

Top 

Ratio 

Leaf area 

index  

(LAI) 

Potassium 

(K %) 

Sodium 

(Na %) 

α- amino 

Nitrogen % 

  
2020/2021 season 

Control  

50 102.70 328.11 3.31 3.01 4.54 1.51 1.43 

40 130.96 349.76 2.81 2.86 3.88 1.79 1.30 

30 76.32 246.36 3.30 1.35 3.57 1.23 0.94 

20 76.80 152.95 2.03 1.41 4.09 1.44 1.51 

     
    

L-Ornithine 

(150 ppm) 

50 115.33 251.78 2.39 3.65 4.19 1.65 1.67 

40 111.42 292.53 2.88 2.82 3.91 1.49 1.12 

30 79.35 265.16 3.42 2.19 3.97 1.12 1.29 

20 75.51 154.40 2.10 1.30 4.31 1.31 1.45 

     
    

Ascorbic 

Acid (500 

ppm) 

50 93.27 262.26 2.88 2.91 4.69 1.96 1.33 

40 121.48 253.14 2.11 2.21 3.95 1.53 1.09 

30 67.53 231.85 3.48 1.45 3.77 1.07 1.25 

20 74.08 161.06 2.33 1.04 4.07 1.53 1.52 

     
    

Silicon (2000 

ppm) 

50 77.23 241.77 3.35 2.82 4.59 2.50 1.35 

40 82.10 252.18 3.25 2.00 3.96 1.42 1.15 

30 70.70 219.66 3.11 2.04 3.89 1.75 1.71 

20 68.35 136.63 2.03 1.07 4.16 1.30 1.18 

L.S.D.at 5% 
 

9.09 13.81 0.23 0.27 ns 0.50 0.39 

  

 

 

2021/2022 season 

Control  

50 105.37 364.24 3.53 2.93 5.55 2.65 1.93 

40 105.73 237.05 2.25 2.74 4.72 2.11 1.51 

30 99.51 201.74 1.99 1.29 3.96 3.48 1.46 

20 87.66 150.32 1.80 1.41 4.44 2.31 1.83 

     
    

L-Ornithine 

(150 ppm) 

50 107.89 337.60 3.22 2.94 4.62 1.75 1.78 

40 140.79 251.46 1.79 2.74 5.15 2.50 1.56 

30 89.01 188.11 2.16 1.88 4.12 2.76 1.74 

20 91.17 218.80 2.45 1.19 4.67 2.95 1.98 

     
    

Ascorbic 

Acid (500 

ppm) 

50 100.15 288.18 2.88 2.56 4.98 2.03 1.40 

40 105.71 159.43 1.62 2.44 4.55 3.08 1.50 

30 97.47 216.18 2.38 1.58 4.37 2.10 1.68 

20 69.13 147.76 2.33 1.01 4.16 2.37 1.81 

     
    

Silicon (2000 

ppm) 

50 111.32 327.02 2.93 2.74 5.19 2.54 1.47 

40 104.97 220.65 2.17 2.17 4.43 2.48 1.44 

30 82.51 293.73 3.56 1.87 4.40 2.69 2.12 

20 46.35 153.05 3.40 1.09 4.40 2.70 1.52 

L.S.D.at 5%   5.36 23.23 0.23 0.15 0.48 0.67 0.61 

 



 IMPROVING DROUGHT TOLERANCE IN SUGAR BEET BY FOLIAR APPLICATION OF ANTI-STRESS … 305 

____________________________ 

Egypt. J. Agron. 46, No. 2 (2024) 

Table 7. Interactive effect of anti-stress compounds × water stress on some agronomic traits of sugar beet during 2021 

and 2022 harvesting seasons. 

Anti-stress 

compounds 

Water 

stress as 

% of 

field 

capacity 

Mean 

root 

weight 

(kg) 

Sucrose 

% 

Quality 

% 

Extractable 

sucrose % 

Top yield 

(ton/fed.) 

Root yield 

(ton/fed.) 

Sugar 

yield 

(ton/fed.) 

  
2020/2021 season 

Control  

50 1.14 18.71 86.64 16.21 11.21 20.72 3.36 

40 1.05 18.71 87.34 16.35 11.48 22.73 3.72 

30 0.85 19.24 89.42 17.21 8.26 17.60 3.02 

20 0.83 17.54 86.67 15.21 8.00 15.32 2.31 

         

L-Ornithine 

(150 ppm) 

50 1.15 19.11 87.17 16.67 10.78 23.26 3.88 

40 1.19 18.95 88.12 16.70 11.79 24.14 4.03 

30 0.90 18.92 88.52 16.76 8.09 18.81 3.11 

20 0.75 17.31 86.36 14.96 7.93 14.78 2.21 

         
Ascorbic 

Acid (500 

ppm) 

50 1.07 19.19 85.90 16.49 11.57 21.82 3.58 

40 0.66 18.35 87.56 16.08 8.66 14.53 2.34 

30 0.77 19.96 89.63 17.89 8.28 15.57 2.78 

20 0.71 17.59 86.59 15.24 7.61 14.77 2.24 

         

Silicon (2000 

ppm) 

50 1.06 19.61 85.45 16.76 10.91 21.33 3.55 

40 0.90 18.84 88.03 16.60 9.17 19.03 3.14 

30 0.78 19.32 87.59 16.94 9.82 15.97 2.71 

20 0.69 17.83 87.21 15.56 7.25 13.93 2.16 

L.S.D.at 5% 
 

0.63 ns ns ns 0.48 0.76 0.26 

  
2021/2022 season 

Control  

50 1.10 20.08 83.59 16.80 11.09 21.69 3.64 

40 0.99 21.22 86.88 18.44 10.56 19.90 3.67 

30 0.77 18.92 84.25 15.94 7.97 16.10 2.57 

20 0.80 18.21 84.71 15.44 8.22 15.65 2.41 

         

L-Ornithine 

(150 ppm) 

50 1.14 21.08 87.44 18.44 11.53 22.15 3.92 

40 0.90 19.91 84.57 16.85 9.87 19.73 3.32 

30 0.83 19.64 85.56 16.82 7.86 17.24 2.90 

20 0.76 17.55 82.34 14.46 7.42 14.51 2.10 

         
Ascorbic 

Acid (500 

ppm) 

50 0.95 20.98 86.52 18.16 10.27 19.50 3.53 

40 0.71 20.66 85.14 17.62 9.22 15.83 2.78 

30 0.80 19.69 86.46 17.03 8.00 16.32 2.78 

20 0.67 18.28 85.16 15.58 7.40 13.78 2.15 

         

Silicon (2000 

ppm) 

50 0.96 20.45 84.94 17.38 10.40 18.88 3.30 

40 0.81 21.42 86.91 18.62 8.65 16.97 3.16 

30 0.78 20.23 85.55 17.31 9.80 16.24 2.81 

20 0.71 17.29 83.33 14.43 7.48 13.82 1.99 

L.S.D.at 5%   0.07 1.01 1.97 1.15 0.47 0.63 0.23 

 

Effect of the interaction between anti-stress 

compounds and sugar beet cultivars in 2020/2021 

and 2021/2022 seasons: Results in Table 8 

indicated that dry leaves and root, root top ratio, 

leaf area index was significantly affected by the 

interaction between anti-stress compounds and 

sugar beet cultivars in both seasons. However, 

the interaction was insignificant for impurities 

contents (potassium, sodium and α- amino 

nitrogen) in both seasons. In the first season, 

non-spraying cultivars BTS 645 and Dreeman 

gave the highest value of leaves dry weight 

(110.59 g) and root dry weight (275.07 g), 

respectively, while the cultivar Neagre gave the 

highest value of leaf area index (2.68) when 

sprayed with L-ornithine. In the second season, 

foliar application of L-ornithine recorded the 

highest value of leaves dry weight (115.47 g) for 

the cultivar Neagre and the highest value of root 

dry weight (278.95 g) and leaf area index (2.52) 

for the cultivar Dreeman. In the first season, 

spraying cultivar Neagre with L-ornithine 

recorded the lowest percentage of sodium (1.32 

%), while spraying cultivar Dreeman with silicon 

recorded the lowest percentage of α- amino 

nitrogen (1.17 %). In the second season, foliar 

application of silicon recorded the lowest 

percentages of sodium (2.10 %) and α- amino 



306 MASRI M. I., et al., 

____________________________ 

Egypt. J. Agron. 46, No.2 (2024) 

nitrogen (1.50 %) in juice extracted from 

cultivars BTS 645 and Dreeman, respectively. 

Results in Table 9 revealed that mean root weight 

and yields of top, roots and sugar were 

significantly affected by the interaction between 

anti-stress compounds and sugar beet cultivars in 

both seasons. However, the interaction was 

insignificant for quality traits (sucrose %, quality 

% and extractable sucrose %) in both seasons. In 

the first season, spraying the cultivar Dreeman 

with L-ornithine gave the highest value of mean 

root weight (1.03 kg), top yield (10.11 ton/fed.), 

root yield (21.91 ton/fed.) and white sugar yield 

(3.53 ton/fed.), while in the second season, non-

spraying the cultivar BTS 645 recorded the 

highest value of mean root weight (0.97 kg), top 

yield (9.85 ton/fed.), root yield (19 ton/fed.) and 

white sugar yield (3.20 ton/fed.). Foliar 

application of silicon recorded the highest 

percentage of sucrose (19.43%) and extractable 

sucrose (17.09 %) in juice of Neagre cultivar in 

the first season, corresponding to 20.20 % and 

17.42 % in juice of BTS 645 cultivar in the 

second season and this may be due to the role of 

silicon in decreasing impurities contents in beet 

juice. Results cleared that among used 

compounds, L-Ornithine played a larger role in 

growth traits, while silicon played a larger role in 

chemical constituents of beet juice and this may 

account for the discrepancy in the physiological 

effects of each (Martin-Tanguy, 2001 and Gong 

et al., 2005). 

Table 8. Interactive effect of anti-stress compounds × Varieties on some agronomic traits of sugar 

beet during 2021 and 2022 harvesting seasons. 

Anti-stress 

compounds 
Varieties 

Leaves 

dry 

weight     

(g) 

Root 

dry 

weight 

(g) 

Root 

Top 

Ratio 

Leaf area 

index 

(LAI) 

Potassium 

(K %) 

Sodium 

(Na %) 

α- amino 

Nitrogen 

% 

  
2020/2021 season 

Control  

Neagre 86.74 264.35 3.02 2.01 3.94 1.47 1.41 

Dreeman 92.76 275.07 2.92 2.23 3.88 1.52 1.25 

BTS 645 110.59 268.47 2.66 2.24 4.24 1.49 1.22 

  
       L-

Ornithine 
(150 ppm) 

Neagre 110.12 225.09 2.06 2.68 3.86 1.32 1.57 

Dreeman 103.27 253.38 2.65 2.53 4.05 1.41 1.26 

BTS 645 72.82 244.44 3.39 2.25 4.38 1.45 1.31 

  
       Ascorbic 

Acid 
 (500 ppm) 

Neagre 86.80 222.68 2.78 1.68 3.96 1.51 1.28 

Dreeman 79.89 215.98 2.85 1.96 3.99 1.43 1.31 

BTS 645 100.59 242.58 2.47 2.07 4.40 1.63 1.31 

  
       

Silicon 
(2000 ppm) 

Neagre 78.01 219.96 2.84 1.68 4.01 1.57 1.43 

Dreeman 59.14 197.40 3.45 2.02 3.91 1.77 1.17 

BTS 645 86.64 220.32 2.52 2.24 4.53 1.89 1.45 
L.S.D.at 5% 

 
6.54 12.75 0.24 0.19 ns ns ns 

  
2021/2022 season 

Control  

Neagre 87.90 224.43 2.64 1.97 4.64 2.58 1.86 

Dreeman 101.49 273.79 2.62 1.94 4.52 2.83 1.63 

BTS 645 109.31 216.79 1.93 2.37 4.85 2.50 1.57 

  
       L-

Ornithine 

(150 ppm) 

Neagre 115.47 259.81 2.36 2.14 4.58 2.32 2.05 

Dreeman 110.25 278.95 2.61 2.52 4.54 2.72 1.65 

BTS 645 95.92 208.22 2.24 1.91 4.80 2.44 1.60 

  
       Ascorbic 

Acid (500 

ppm) 

Neagre 91.59 182.36 2.09 1.60 4.45 2.59 1.63 

Dreeman 103.54 225.30 2.21 2.01 4.16 2.37 1.60 

BTS 645 84.21 201.01 2.61 2.08 4.92 2.23 1.56 

  
       Silicon 

(2000 

ppm) 

Neagre 82.79 225.50 3.08 1.70 4.86 2.65 1.88 

Dreeman 85.62 273.18 3.22 1.97 4.23 3.04 1.50 

BTS 645 90.45 247.15 2.74 2.24 4.72 2.10 1.54 

L.S.D.at 

5% 
  

6.06 19.09 0.20 0.15 ns ns Ns 
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Table 9. Interactive effect of anti-stress compounds × water stress on some agronomic traits of sugar 

beet during 2021 and 2022 harvesting seasons. 

Anti-stress 

compounds 
Varieties 

Mean 

root 

weight 

(kg) 

Sucros

e  

% 

Quality 

% 

Extractable 

sucrose % 

Top yield 

(ton/fed.) 

Root yield 

(ton/fed.) 

Sugar yield 

(ton/fed.) 

  
2020/2021 season 

Control  

Neagre 0.90 18.94 87.96 16.66 9.41 17.25 2.88 

Dreeman 1.00 18.32 87.53 16.06 9.80 20.29 3.24 

BTS 645 1.03 18.39 87.06 16.02 10.00 19.75 3.19 

         

L-Ornithine 

(150 ppm) 

Neagre 0.93 18.94 88.27 16.72 9.37 19.22 3.23 

Dreeman 1.03 18.46 87.63 16.18 10.11 21.91 3.53 

BTS 645 0.96 18.32 86.72 15.91 9.47 19.61 3.16 

         
Ascorbic 

Acid (500 

ppm) 

Neagre 0.74 19.30 88.06 17.01 8.25 15.33 2.61 

Dreeman 0.83 18.33 87.56 16.06 9.02 17.65 2.84 

BTS 645 0.84 18.68 86.64 16.20 9.82 17.04 2.77 

         

Silicon 

 (2000 ppm) 

Neagre 0.74 19.43 87.96 17.09 8.35 15.54 2.66 

Dreeman 0.87 18.73 87.47 16.39 9.60 17.78 2.92 

BTS 645 0.97 18.55 85.79 15.92 9.92 19.37 3.09 

L.S.D.at 5% 
 

0.06 ns ns ns 0.44 0.64 0.15 

  
2021/2022 season 

Control  

Neagre 0.88 19.76 85.07 16.82 9.36 17.39 2.93 

Dreeman 0.93 19.51 84.71 16.55 9.17 18.61 3.10 

BTS 645 0.97 19.56 84.80 16.60 9.85 19.00 3.20 

         

L-Ornithine 

(150 ppm) 

Neagre 0.89 19.76 85.37 16.91 9.03 18.31 3.14 

Dreeman 0.90 19.60 84.89 16.67 8.74 18.54 3.12 

BTS 645 0.89 19.28 84.67 16.36 8.91 17.73 2.93 

         
Ascorbic 

Acid (500 

ppm) 

Neagre 0.80 19.87 85.54 17.01 8.32 15.78 2.69 

Dreeman 0.80 19.72 86.37 17.04 8.71 17.33 2.97 

BTS 645 0.75 20.12 85.56 17.23 9.15 15.96 2.77 

         

Silicon 

 (2000 ppm) 

Neagre 0.80 19.75 84.46 16.72 8.60 16.01 2.69 

Dreeman 0.83 19.60 84.86 16.67 9.54 16.93 2.86 

BTS 645 0.82 20.20 86.23 17.42 9.10 16.49 2.90 

L.S.D.at 5%   0.04 ns ns ns 0.36 0.66 0.19 
 

Effect of the interaction between water stress 

and sugar beet cultivars in 2020/2021 and 

2021/2022 seasons: Results in Table 10 

indicated that dry leaves and root, root top 

ratio, and leaf area index were attributed 

significantly effect by the interaction between 

water stress and sugar beet cultivars in both 

seasons. However, the interaction was significant 

for only potassium content in the second season. 

The highest weight of dry leaves was obtained 

for the cultivars Neagre (115.94 g) and Dreeman 

(117.34 g) when irrigated at 40 % of field 

capacity in the first and second seasons, 

respectively, while the highest weight of dry root 

was obtained for the cultivars BTS 645 (309.93g) 

and Dreeman (434.84 g) when irrigated at 50% 

of field capacity in the first and second seasons, 

respectively. Watering the cultivar BTS 645 at 50 

% of field capacity gave the highest value of leaf 

area index (3.28 and 2.99) in both seasons. It was 

observed that subjected sugar beet cultivars to 

high levels of water stress (30 and 20 % of field 

capacity) significantly decreased growth traits in 

terms of dry weight of leaves and root and leaf 

area index in both seasons and also, increased 

impurities contents in terms of sodium and amino 

nitrogen in the second season (Islam, et al., 2020 

and Ghaffari et al., 2021).Results in Table 11 

revealed that mean root weight and yields of top, 

roots and sugar were influenced  significantly by 

the interaction between drought levels and sugar 

beet cultivars in both seasons. In the first season, 

the highest percentage of sucrose (19.75 %), 

quality (89.31 %) and extractable sucrose (17.64 
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%) was obtained for the cultivar Neagre when 

irrigated at 30 % of field capacity, while the 

highest yield of root (23.07 ton/fed.) and white 

sugar (3.75 ton/fed.) was obtained for the cultivar 

Dreeman when irrigated at 50 % of field 

capacity. In the second season, watering sugar 

beet cultivar BTS 645 at 50 % of field capacity 

gave the highest value of mean root weight (1.12 

kg), sucrose content (21.02 %), quality percent 

(86.38 %), extractable sucrose content (18.17 %), 

top yield (11.41 ton/fed.), root yield (21.29 

ton/fed.) and white sugar yield (3.86 ton/fed.). 

The results indicated a noticeable decrease in the 

mean performance of sugar beet cultivars with an 

increase in the level of water stress, especially at 

the level of 20 %, with regard to the quality and 

yield traits. The adverse effect of drought stress 

on top and root yields of sugar beet cultivars was 

primarily due to its negative effect on growth 

traits during growing seasons, while the adverse 

effect of drought on extractable sucrose might be 

due to increasing impurities contents under high 

levels of drought (Dutton and Huijbregts 2006, 

Moosavi, et al., 2017, Mahmoud et al., 2018, 

Abu-Ellail and El-Mansoub, 2020,Ghaffari et al., 

2021). 

the results indicated a noticeable decrease in the 

mean performance of sugar beet cultivars with an 

increase in the level of water stress, especially at 

the level of 20 %, with regard to the quality and 

yield traits. The adverse effect of drought stress 

on top and root yields of sugar beet cultivars was 

primarily due to its negative effect on growth 

traits during growing seasons, while the adverse 

effect of drought on extractable sucrose might be 

due to increasing impurities contents under high 

levels of drought (Dutton and Huijbregts 2006, 

Moosavi, et al., 2017, Mahmoud et al., 2018, 

Abu-Ellail and El-Mansoub, 2020,Ghaffari et al., 

2021). 
 

Table 10. Interactive effect of water stress × varieties on some agronomic traits of sugar beet during 2021 and 

2022 harvesting seasons. 

Water 

stress as 

% of field 

capacity 

Varieties 

Leaves 

dry 

weight 

(g) 

Root 

dry 

weight 

(g) 

Root 

Top 

Ratio 

Leaf area 

index 

(LAI) 

Potassium 

(K%) 

Sodium 

(Na %) 

α- amino 

Nitrogen 

% 

  
2020/2021 season 

50 

Neagre 96.12 273.10 3.04 2.91 4.28 1.75 1.47 

Dreeman 86.57 229.92 2.98 3.10 4.37 1.99 1.37 

BTS 645 108.71 309.93 2.93 3.28 4.86 1.97 1.50 

         

40 

Neagre 115.94 299.73 2.70 2.42 3.83 1.63 1.29 

Dreeman 107.42 295.46 2.95 2.49 3.86 1.47 1.01 

BTS 645 111.12 265.53 2.64 2.51 4.09 1.58 1.19 

         

30 

Neagre 78.19 211.70 2.79 1.54 3.65 1.22 1.50 

Dreeman 70.98 256.14 3.59 1.76 3.72 1.12 1.18 

BTS 645 71.26 254.44 3.60 1.97 4.03 1.53 1.21 

         

20 

Neagre 71.42 147.55 2.15 1.19 4.01 1.28 1.44 

Dreeman 70.10 160.32 2.34 1.39 3.89 1.54 1.43 

BTS 645 79.54 145.91 1.87 1.04 4.57 1.37 1.38 

L.S.D.at 

5%  
6.54 12.75 0.24 0.19 ns ns ns 

  
2021/2022 season 

50 

Neagre 90.66 248.55 2.86 2.47 5.23 2.35 1.78 

Dreeman 113.85 434.84 3.85 2.92 4.93 2.41 1.59 

BTS 645 114.04 304.39 2.71 2.99 5.09 1.97 1.56 

         

40 

Neagre 115.33 219.41 1.96 2.15 4.57 2.64 1.66 

Dreeman 117.34 221.31 1.95 2.56 4.37 2.75 1.31 

BTS 645 110.22 210.73 1.95 2.87 5.19 2.25 1.54 

         

30 

Neagre 103.22 242.22 2.46 1.57 4.31 2.60 2.08 

Dreeman 87.44 219.98 2.59 1.68 3.89 2.94 1.61 

BTS 645 85.71 212.61 2.52 1.70 4.43 2.73 1.57 

         

20 

Neagre 68.55 181.91 2.88 1.21 4.42 2.56 1.90 

Dreeman 82.27 175.09 2.28 1.29 4.26 2.87 1.85 

BTS 645 69.91 145.45 2.34 1.03 4.57 2.32 1.60 

L.S.D.at 

5% 
  6.06 19.09 0.20 0.15 0.37 ns ns 
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Table 11. Interactive effect of water stress × varieties on some agronomic traits of sugar beet during 2021 and 2022 

harvesting seasons. 

Water 

stress as 

% of field 

capacity 

Varieties 

Mean 

root 

weight 

(kg) 

Sucrose 

% 

Quality 

% 

Extractable 

sucrose % 

Top yield 

(ton/fed.) 

Root yield 

(ton/fed.) 

Sugar yield 

(ton/fed.) 

  
2020/2021 season 

50 

Neagre 1.01 19.67 87.32 17.17 10.23 19.50 3.34 

Dreeman 1.13 18.87 86.21 16.27 11.75 23.07 3.75 

BTS 645 1.20 18.94 85.34 16.16 12.13 22.78 3.68 

         

40 

Neagre 0.84 19.09 88.01 16.81 9.63 18.36 3.09 

Dreeman 0.96 18.56 88.06 16.35 9.92 21.23 3.47 

BTS 645 0.99 18.49 87.22 16.14 10.51 20.73 3.37 

         

30 

Neagre 0.78 19.75 89.31 17.64 8.24 15.77 2.78 

Dreeman 0.82 19.29 89.31 17.24 8.39 17.23 2.93 

BTS 645 0.88 19.04 87.76 16.73 9.20 17.97 3.00 

         

20 

Neagre 0.69 18.11 87.62 15.87 7.27 13.71 2.17 

Dreeman 0.82 17.12 86.62 14.84 8.46 16.10 2.37 

BTS 645 0.73 17.48 85.89 15.02 7.36 14.29 2.15 

L.S.D.at 

5%  
0.06 ns ns ns 0.44 0.64 0.15 

  
2021/2022 season 

50 

Neagre 0.97 20.63 85.13 17.58 9.89 18.96 3.34 

Dreeman 1.02 20.29 85.35 17.33 10.34 20.77 3.59 

BTS 645 1.12 21.02 86.38 18.17 11.41 21.29 3.86 

         

40 

Neagre 0.84 20.82 85.88 17.91 9.48 17.60 3.15 

Dreeman 0.89 20.72 86.15 17.87 9.50 18.97 3.38 

BTS 645 0.83 20.87 85.61 17.88 9.74 17.76 3.17 

         

30 

Neagre 0.79 19.57 85.35 16.72 8.40 16.23 2.72 

Dreeman 0.84 19.89 86.00 17.11 8.46 17.17 2.94 

BTS 645 0.76 19.40 85.01 16.51 8.37 16.02 2.64 

         

20 

Neagre 0.76 18.11 84.08 15.25 7.54 14.70 2.24 

Dreeman 0.72 17.52 83.33 14.62 7.86 14.51 2.12 

BTS 645 0.72 17.87 84.25 15.06 7.49 14.11 2.12 

L.S.D.at 

5% 
  0.04 ns ns ns 0.36 0.66 0.19 

 

Effect of the interaction among anti-stress 

compounds, water stress and sugar beet cultivars 

in 2020/2021 and 2021/2022 seasons: 

The second order interaction (data not presented 

here) was significant for growth traits and yields 

of sugar beet, while it was insignificant for 

impurities contents and quality traits in both 

seasons. Three sugar beet cultivars showed 

variability in their performance under different 

combinations of drought stress levels and anti-

stress compounds. In the first season, the 

cultivars Neagre, Dreeman and BTS 645 gave the 

highest percentage of sucrose (20.43, 19.54 and 

19.90 %) and extractable sucrose (18.40, 17.46 

and 17.82%) when grown under combination of 

ascorbic acid and 30% drought level, while foliar 

application of silicon at 40 % drought level in the 

second season recorded the highest percentage of 

sucrose (21.78, 21.50 and 21.42 %) and 

extractable sucrose (18.98, 18.37 and 18.71 %) 

for the three cultivars, respectively. Foliar 

application of L-ornithine to the cultivar Neagre 

at 50% drought level gave the highest yields of 

root (23.75 and 21.84 ton/fed.) and white sugar 

(4.01 and 4.08 ton/fed.), while spraying the 

cultivar BTS 645 with silicon at 50% drought 

level gave the highest yields of root (25.63 and 

22.12 ton/fed.) and white sugar (4.14 and 4.01 

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

respectively. Foliar application of ascorbic acid 

and L-ornithine at 50 % drought level gave the 

highest yields of root (25.23 and 21.35 ton/fed.) 

and white sugar (4.05 and 3.90 ton/fed.) for the 
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cultivar Dreeman in the first and second seasons, 

respectively. Differential responses of sugarbeet 

verities to drought levels and anti-stress 

compounds have been reported by (Moosavi, et 

al., 2017), (Husseinet al., 2019), (Ghaffariet 

al.2021). 

The results about the effects of foliar application 

of L-Ornithine, ascorbic acid and silicon on sugar 

beet plants of three cultivars grown under 

different irrigation levels showed that these 

compounds played a positive role in alleviating 

the debilitating effects of drought stress. The 

positive effects of such compounds were due to 

their physiological effects in several ways. L-

ornithine is the precursor of polyamines that are 

essential in the regulation of plant growth and 

development (Martin-Tanguy, 2001). 

Furthermore, it is the intermediate compound in 

the arginine biosynthesis where the pathway 

divaricates to the production of compounds, such 

as proline that serve as osmoprotective substance 

in plants (Ali et al., 2016). Silicon reduces 

oxidative damage to functional molecules and 

amplifies anti-oxidant defense mechanisms(Gong 

et al., 2005). Ascorbic acid has the ability to 

scavenge reactive oxygen species (ROS) under 

drought stress environment. The regulatory role 

of ROS in plant abiotic defense responses was 

discussed by Zaid and Wani (2019). They are a 

by-product of aerobic metabolism and key 

signaling molecules which play a significant role 

in plants’ responses to many of abiotic and biotic 

stresses. The production and scavenging of ROS 

are accomplished in various cellular 

compartments such as cell membrane, 

mitochondria, chloroplasts, and endoplasmic 

reticulum. Under abiotic stresses, an imbalance 

between ROS biosynthesis and scavenging and 

elimination in favor of biosynthesis with certain 

consequences for plant cell physiology has been 

termed as “oxidative stress.” Rather than the 

indigenous antioxidant enzymes, treating plants 

that grown under drought stress environment 

with exogenous anti-stress compounds work in 

coordination to alleviate the oxidative damage 

induced by various ROS to engineer tolerance 

against various environmental stress conditions. 

 

Drought tolerance indices 

Data obtained from sugar beet plants irrigated at 

50 % FC (non-stress environment) and 20 % FC 

(stress environment) under no application of anti-

stress compounds were considered in calculation 

of drought tolerance indices (SSI, STI, GMP and 

TOL) over the two seasons (Table 12). 

According to what was mentioned in a study 

carried out by Hesadi et al. (2015) on screening 

for drought tolerance performances in sugar beet 

genotypes, "the genotype with SSI< 1, high STI 

value, high GMP value and low value of TOL 

will be more resistant to drought stress 

conditions and more desirable. In the present 

study, among the evaluated sugar beet cultivars, 

the cultivar Dreeman was the best for all the 

estimated drought indices for both root and sugar 

yields traits. The cultivar Dreeman gave the 

highest mean root yield (18.69 ton/fed) and sugar 

yield (2.73 ton/fed.) under stress conditions. The 

stress susceptibility index (SSI) for the cultivar 

Dreeman was less than one (0.51 and 0.64) for 

root and sugar yields, respectively, while it was 

greater than one for the other cultivars in both 

root and sugar yields. Tolerance index (TOL) 

estimated for root and sugar yields of the cultivar 

Dreeman were the lowest (2.99 and 0.74) and 

with a large difference from that estimated for 

the rest of cultivars. Both stress tolerance index 

(STI) and geometric mean productivity (GMP) 

were evaluated for root and sugar yields of the 

cultivar Dreeman were the highest compared to 

that estimated for the other cultivars. The 

previous results indicated that the cultivar 

Dreeman could be considered as drought tolerant 

genotype and more stable in the two different 

conditions.
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Table 12. Drought tolerance indices for root and white sugar yield in three sugar beet genotypes 

irrigated at 50 % (non-stress) and 20 % (stress) of field capacity. 

Genotype Yp Ys 
Drought tolerance index 

TOL  GMP STI SSI 

 
Root yield 

Neagre 20.77 14.60 6.16 17.40 0.67 1.11 

Dreeman 21.69 18.69 2.99 20.12 0.91 0.51 

BTS 645 21.16 13.15 8.01 16.67 0.62 1.42 

 
Sugar yield 

Neagre 3.50 2.36 1.14 2.88 0.67 1.01 

Dreeman 3.47 2.73 0.74 3.07 0.78 0.64 

BTS 645 3.53 1.99 1.54 2.65 0.58 1.34 

Yp, Ys indicate yield (ton/fed.) under non-stress and stress environments, respectively.  
 

The results of the correlations among drought 

tolerance indices and mean yields of root and 

white sugar under non-stress (Yp) and stress (Ys) 

conditions are shown in Table 13. The 

researchers believe that the best indicator of 

drought tolerance is the indices which have high 

correlation with yield under both stress and non-

stress conditions (Fernandez, 1992). The results 

revealed that both of GMP and SSI indices had 

positive and significant correlations with root and 

white sugar yields under non-stress and stress 

conditions and also the correlations between 

GMP and SSI were positive and significant for 

both traits under the two environments. The 

correlation between STI and mean yields of root 

and white sugar was positive and significant only 

under a stress environment, while it was negative 

and significant under a non-stress environment. 

Although the correlations for GMP and SSI with 

STI were positive and significant for both traits 

under both environments, however both of GMP 

and SSI indices have the advantage rather than 

the STI index as a selection criterion for 

identifying high yielding stress tolerant 

genotypes. The index STI could be effective in 

stress environment. However, working with 

sugar beetSadeghianet al. (2000) concluded that 

STI could effectively identify genotypes with 

high yield potential in both stressed and non-

stressed environments. 

Table 13. Correlations between drought tolerance indices (TOL, GMP, STI and SSI), and means 

of yield under non-stress (Yp) and drought-stress environments (Ys), for root and white sugar 

yields. 

  Drought tolerance index 
YP Ys 

  TOL GMP STI SSI 

 
Root yield 

TOL 1.00 0.28 -0.98** -0.92** 0.76** -0.34 

GMP - 1.00 0.82** 0.89** 0.84** 0.80** 

STI - - 1.00 0.91** -0.63** 0.70** 

SSI - - - 1.00 0.81** 0.65** 

Yp - - - - 1.00 0.36 

 
Sugar yield 

TOL 1.00 0.43 -0.97** -0.52* 0.84** -0.27 

GMP - 1.00 0.53* 0.57* 0.85** 0.75** 

STI - - 1.00 0.48* -0.71** 0.65** 

SSI - - - 1.00 0.68** 0.55* 

Yp - - - - 1.00 0.30 

Yp, Ys indicate yield (ton/fed.) under non-stress and stress environments, respectively.  

*, ** indicate significance at the 0.05 and 0.01 probability levels, respectively. 

 
Conclusion 

Drought stress has hampered most aspects of sugar 

beet growth which had a negative impact on the 

root and sugar yields of all cultivars under study. 

However, exogenous foliar spraying of low-cost 

compounds such as L-Ornithine, ascorbic acid and 

silicon on plants grown under drought stress played 

a significant positive role in mitigating and 

reversing the negative physiological effects of 

drought stress as well as increasing the yield and 

quality traits of sugar beet cultivars. Based on 

tolerance index (TOL), stress susceptibility index 

(SSI), geometric mean production (GMP), and 

stress tolerance index (STI) for root and sugar 
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yields, the Dreeman sugar beet cultivar exhibited 

the highest drought tolerance. Under the 

circumstances of this study, GMP and SSI indices 

are effective for selecting high-yielding, stress-

tolerant genotypes. 
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 تحسين تحمل الجفاف في بنجر السكر عن طريق الرش الورقي من المركبات المضادة للإجهاد

 

 يمان مجدي محمدإو  ،إبراهيم حسن يعقوب*و  ،عادل عبدالمنعم حب اللهو  ،براهيم المصري إمحمد 

 قسم المحاصيل، كلية الزراعة، جامعة القاهرة، الجيزة، مصر
 

 2020/2021بكليتتتتة الزراعتتتتة محازةتتتتة الجيتتتتزة،  تتتت   م  تتتتمان  جريتتتتر تجر حتتتتان بقليحتتتتان بمحلتتتتة الحجتتتتار  الزرا يتتتتةأ
جتتتزي زتتت   150بحركيتتتز   ornithine-Lمينتتت  للحمتتتل اأالتتت رق   التتتر  معتتتام   تتتتر ير بهتتتدر سرا تتتة 2021/2022و

جتزي زت  المليت ن( كمرك تا  م تاسة  جهتاس  2000جزي زت  المليت ن( والستيليك ن   500الملي ن(، وبمل اأ ك ر يك  
 ،BTS 645، وNeagre ،Dreemanعلتتأ أساي    تتة أصتتنار متتل بنجتتر الستتكر المتتا   بالمقار تتة بمعاملتتة ال نحتترو 

% متل الستعة الحقليتة(ش أتتار   حتا   20%، 30%، 40%، 50ستح يا  ر  متحلةتة  الح  تمتر رراعحهتا تحتر أر عتة مو 
الدرا ة إلأ أن الحر يرا  الر يسة للمرك ا  الم تاسة لججهتاس ومستح يا  التر  واأصتنار كا تر معن يتة زت  صتةا  النمت  

مستتحتل ش كتتالك لتت ب  مستتابة الجتتار وال رقتتة( وكتتالك باصتتل الستتكر الجتتار  والستتكر ال  التت رن الجتتار لتتوورال وسليتتل
بنستتت ة الستتتكرور والستتتكرور القابتتتل ل  تتتحترا  زتتت  اتتتل مستتتح يا  الجةتتتار المعحدلتتتةش زتتت  بتتتيل ا تة تتتر القتتترايا   ريتتتاسة

 ش%  تتعة بقليتتة20متتز ريتتاسة مستتح ز الجةتتار عنتتد  التاصتتة بصتتةا  النمتت  ومححتت ز الستتكرور ومحصتت   ال نجتتر الستتكر
%( 29% و33%( ومحصتتتتت   الجتتتتتاور  بتتتتت ال  2.7و 1.3بيتتتتت  أسز إلتتتتتأ ا تةتتتتتاخ الستتتتتكرور المستتتتتحتر   بتتتتت ال  

% متتتل الستتتعة 50 زتتت  الةتتترور المنا تتت ة%( مقار تتتة ب تتتاق  الن اتتتتا  40% و38ومحصتتت   الستتتكر اأبتتتيلش  بتتت ال  
زتت  الحةاعتتل متتل مستتح يا  المتحلةتتة الحقليتتة زتت  الم  تتميل اأو  واللتتا   علتتأ الحتت ال ش عامتتة أاهتتر أساي اأصتتنار ت ا نتتا  

ور ليل بيتت  اأ% ورتتتها بتتت50أو  40 كحنتت  از تتل معاملتتة عنتتد  تتعة بقليتتةمتتل إجهتتاس الجةتتار والمرك تتا  الم تتاسة لتت ش 
أس  إلتتأ ريتتتاسة ورن الجتتتاور وا حاجيتتتة الستتتكر العلتتت   والجتتتار  واأبتتيلش لتتتاز أومتتتحر النحتتتا   أ تتت  متتتل بتتتيل المرك تتتا  

يل  سور ا مهتم زت  صتةا  النمت  وا حاجيتة ال نجتر، بينمتا لعتب بمتل اأ تك ر يك والستيليك ن سور ا المسحتدمة، لعب ا ور ل
أك تتر زتت  المك  تتا  ال يميا يتتة لعصتتير ال نجتتر وهتتاا قتتد اةستتر الحنتتاقل زتت  الحتتر يرا  الةستتي ل جية ل تتل منهمتتاش متتل بيتت  

متتتل  تتت    Dreeman قتتتا  صتتتنا سريمتتتانس  تتتل ا  حتتتتا  كحقيتتتيم  ساي ا صتتتنار مقتتتدرتها علتتت  الححمتتتل للجةتتتار تة
 الهند ت  الإ حتا ، ومح  ت  (SSI) ، ومؤتر الحسا ية لججهاس(TOL)مؤترا  تحمل الجةار فيما  حعلق بمؤتر الححمل

(GMP)ومؤتر تحمل الإجهاس ،(STI)   لمحصت   الجتاور والستكرش كتالك الدرا تة ومتحر با تة امكتل ا تحتدا  كتل متل
الإجهتاس المتا    اأ متا  الجينيتة عاليتة الإ حاجيتة الحت  تححمتل كمعتا ير ا حيتار لححد تد بشكل زعتا  SSIو GMP مؤترا 
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