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ABSTRACT

Two field experiments were conducted during the 2022/2023 and 2023/2024 seasons at a private farm in Mongaar
Elmagabra village, Wadi El-Natrun, El-Beheira Governorate, Egypt, to evaluate the effect of salicylic acid (SA) rates (0,
100, 150, and 200 ppm/I) on yield and quality traits of four sugar beet varieties (Afendra-KWS, Shantala-KWS, BTS 8935,
and BTS 7245) under sandy soil and drip irrigation conditions. The experimental design used a randomized complete block
design (RCBD) with split-plot distribution and three replications. The results showed that root and sugar yields yield
(ton/fed) increased with rising SA levels from 100 to 200 ppm/l during the both seasons. In contrast, molasses-forming
substances decreased significantly at 100 ppm/l compared to 200 ppm/I. Sucrose and refined sugar content also increased
with higher SA concentrations. Significant varietal differences were observed, with BTS 7245 and BTS 8935 outperforming
the other varieties in both seasons for proline content, root yield, and sugar yield. Moreover, the interaction between SA
rates and varieties had a significant effect on root yield, sugar yield, and related traits across both seasons. GGE biplot
analysis was employed for multiple trait comparisons, and the GGE biplot visualization effectively illustrated trait
relationships. In conclusion, applying 200 ppm/I of salicylic acid proved to be the most effective treatment for enhancing

root and sugar yields of sugar beet in sandy soils.
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INTRODUCTION

In Egypt, sugar beet (Beta vulgaris L.) is considered
a major source of sugar production. Its high sugar
recovery rate and adaptability to newly reclaimed lands
highlight its economic importance. Moreover, sugar
beet is often cultivated as a key cash crop (Abu-Ellail et
al., 2021). According to the Council of Sugar Crops
(2024), sugar beet accounted for 63.8% (1.79 million
tons) of Egypt’s total sugar production.

Mongaar Elmagabra Village's sandy soils are known
for their low fertility and inadequate ability to retain
water (Abu-Ellail et al., 2024; Goa et al., 1998). These
soils provide chances for agricultural growth, but they
also pose serious hydrological problems. The sugar
industry could be strengthened and local production
could rise if sugar beets are grown on reclaimed land
(ElI-Kady et al., 2021). In order to maximize yield
potential in such environments, careful evaluation and
selection of appropriate varieties are necessary. Limited
soil fertility and infrequent rainfall significantly lower
crop productivity, especially for sugar beet, in arid and
semi-arid regions like Egypt. Soil conditions and sugar
beet variety interact to greatly affect crop performance
(Benlhabib et al., 2014).

Salicylic acid (SA) plays a critical role in plant
responses to abiotic stress (Koo et al., 2020). Numerous
studies have reported its beneficial effects in enhancing
tolerance to stressors such as salinity, heat, and drought
(Bukhat et al., 2020; Ashraf et al., 2010). Through its
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regulation of several physiological processes, such as
photosynthesis, transpiration, ion uptake, and
chloroplast structure, appropriate concentrations of SA
can mitigate abiotic stress and minimize oxidative
damage (Ahmad et al., 2018; Sakhabutdinova et al.,
2003). SA, a naturally occurring phytohormone and
benzoic acid derivative, is essential for plant growth,
nutrient uptake, and membrane stability. It also plays a
part in systemic acquired resistance (Stevanato et al.,
2019). It has been demonstrated that foliar SA
application improves growth traits, increases antioxidant
enzyme activity, and improves stress tolerance, all of
which contribute to increased root and shoot biomass in
sugar beet plants (Merwad, 2015). The relationship
between SA application, water deficit, and sugar beet
varieties in field settings is still not well understood,
though. Factors like variety selection, nutrition
management, and water stress are crucial because the
main objective of sugar beet cultivation is to maximize
sugar yield and extraction quality (Abu-Ellail et al.,
2023; Singh and Usha, 2003). SA can be used externally
to activate biochemical pathways that support tolerance
to biotic and abiotic stresses because it is an endogenous
growth regulator with potent antioxidant qualities
(Janda et al., 2007; Hayat and Ahmed, 2007).

Programs for breeding sugar beets have made
remarkable use of the biplot GGE graphical technique
(YYan and Kang 2003). A genotype-trait (GT-biplot) can
be created using a modified biplot GGE graphical
method for any kind of two-way (Yan 2001 and Yan
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and Hunt 2002). To explain the relationship between the
traits under study, the principal component analysis
method was employed. Principal Component Analysis
(PCA) is commonly applied in experimental research, as
it simplifies complex datasets by reducing the number
of variables and clarifying the relationships among them
(Ghareeb et al., 2014). The GGE analysis method was
used to describe the relationship between the studied
traits. In addition, several studies have indicated that
multivariate statistical methods, including PCA, GGE
provide greater efficiency in evaluating genetic diversity
across genotypes (Mundaragi, 2017). Therefore, this
study aims to evaluate the effects of salicylic acid on
sugar beet growth, yield, and quality in sandy soils, and
to analyze root, sugar yield and related traits using GGE
analysis.

MATERIALS AND METHODS

Two field experiments were carried out at a private
farm in Mongaar Elmagabra village, Wadi EI-Natrun,
El-Beheira Governorate, Egypt (17.98 m above sea
level; 30° 23 19.89° N, 30° 21’ 41.06° E) over the
course of two consecutive seasons (2022/2023 and
2023/2024). Under sandy soil conditions, the trial
sought to determine how salicylic acid (SA) affected
sugar beet (Beta vulgaris L.) productivity and quality. In
the experimental treatments, four SA levels (0 as

control, 100,150 and 200 ppm/l). Also, four multigerm
sugar beetvarieties (Afendra-KWS, Shantala-KWS,
BTS 8935,and BTS 7245) were provided by the Sugar
Crops Research Institute, Agricultural Research Center,
Giza. A split-plot arrangement within a randomized
complete block design (RCBD) was adopted, with three
replications. Salicylic acid solutions were applied twice
by spraying both the soil surface and plant foliage: the
first application occurred 30 days after sowing
(following thinning), and the second one month later.
SA treatments were allocated to main plots, while sugar
beet varieties were assigned to subplots. Irrigation was
applied through a drip system equipped with GR
drippers delivering 4 liters/hour. Each experimental plot
covered 10.5 m? (equivalent to 1/400 feddan),
comprising five rows of 3.5 m length, with 60 cm
between rows and 20 cm between plants. In the first
season, sugar beet seeds were sown on October 18; in
the second season, they were planted on October 22.
Plants were thinned to a density of two per hill at 30
days after sowing (DAS), followed by a final thinning to
one plant per hill at 45 DAS. The recommended
guidelines were followed in all agronomic practices.
The physical and chemical properties of the soil were
analyzed following the methods described by Page
(1982), and the results are presented in Table 1.

Table 1. lists some of the soil's physical and chemical characteristics prior to planting over two seasons

. . . 2022/2023
Practical size distribution%

Soluble cations (meg/L)
Sand% 59.12 Cat++ 9.72
Silt% 15.35 Mg++ 6.84
Clay% 25.53 Na+ 10.91
Textural class Sandy Loam K+ 0.83

pH 7.66 Soluble Anions (meg/ L)
EC(ds/m) 2.83 HCO:s- 2.69
O.M (%) 0.49 CL- 15.34
CaCo0s3 (%) 2.51 S04 10.27

2023/2024

Soluble cations (meqg/L)
Sand% 57.31 Ca++ 8.29
Silt% 16.48 Mg++ 7.61
Clay% 26.21 Na+ 10.41
Textural class Sandy loam K+ 1.19

pH 7.84 Soluble Anions (meg/ L)
EC(ds/m) 2.75 HCO3- 2.04
0.M% 0.67 CL- 14.31
CaC0O3% 2.17 S04 11.15
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Table 2. Irrigation water chemical analysis at the experimental site

EC, H Soluble cations (meq L) Soluble anions (meq L?) SAR
ds mt P Ca®  Mg”®  Na' K'  HCOs CI _ SO&
1.24 7.31 3.06 2.92 4.73 1.75 3.44 3.14 5.88 2.73

Abbreviations:

EC: Electrical Conductivity , dS m™ * deciSiemens per meter , SAR: , Sodium Adsorption Ratio

Studied traits

Harvesting was carried out manually 210 days after
sowing for both seasons, to analysis the sugar beet
plants, samples were randomly taken from each subplot
after 105 days from sowing to determine Proline content
(u moles/g leaf fresh weight) using the method of Bates
etal. (1973).

At harvest, ten guarded plants were randomly
selected from the middle ridges of each subplot to
measure the following traits:

1.Root length /plant (cm)

2. Root diameter/plant (cm).

3. Root fresh weights/plant (g).

4. Root yield/fed (ton). where fed is equal to 4200 m2.

5. Sucrose % was polarimetrically measured using the
methods of A.O.A.C. (2005).

6. Sugar lost in molasses % (SLM) = 0.14 x (K + Na) +
0.25 x (o-amino — N) + 0.5, as described by
Devillers (1988).

7. Extractable sugar % = Sucrose% - SLM - 0.6, as
described by Dexter et al. (1967).

. Sugar yield/fed (ton) = Root yield (ton) x Extractable
sugar %.

9. Alpha amino N, potassium, and sodium impurity
concentrations in roots were calculated as (meg/100
g beet), was determined Cook and Scott (1993).

Statistical Analyses

The SPSS statistical software package (version
SPSS 21.0) was used to statistically analyze the data.
The least significant difference (LSD) method was used
to test differences between means at a 5% level of
probability to compare between means as described by
Gomez (1984), and analysis of variance (ANOVA) was
carried out. The GGE biplot was constructed using the
first two principal components (PC1 and PC2) derived
using environment-centered yield data (Yan, 2001).

RESULTS AND DISCUSSION

Root yield and its related traits

The root length, diameter, weight, and root yield
(tons/fed) for each variety in both seasons are clearly
different, as shown in Tables 3 and 4. The highest
values for every measured root trait were produced by
the varieties BTS 7245 and BTS 8935, which

oo

continuously outperformed the others. In both seasons,
BTS 7245 was the best performer in terms of yield. It
maintained its lead with 27.98 tons/fed of roots in the
second season after producing 29.55 tons/fed of roots in
the first. In contrast, Shantala-KW recorded the lowest
yields in the second season (24.64 tons/fed), while The
same variety produced the lowest yields in the first
season (25.04 tons/fed of roots). Their genetic
composition and the ways in which each genotype
responds to environmental factors are probably
responsible for the observed variations among the sugar
beet varieties under study. Previous researchers have
reported similar variability in root traits; for example,
Abd El-Aal et al. (2010) and Abu-Ellail et al. (2021)
both reported significant differences in root weight
among sugar beet varieties.

The results presented in Tables 3 and 4 demonstrate
that during the 2022-2023 and 2023-2024 seasons, both
root length and root diameter (cm) increased
significantly as salicylic acid concentrations were raised
from 0 to 200 ppm/I. The mean values were consistently
lowest for the control treatment, while the highest
application rate (200 ppm/I) produced the highest mean
values. Furthermore, there was a noticeable rise in root
yield (ton/fed) when salicylic acid concentrations were
raised to 200 ppm/l. The positive effects of salicylic
acid on plant performance may be due to a variety of
physiological processes, including enhanced chlorophyll
synthesis,  growth-related  hormone  simulation,
decreased respiration, enhanced membrane
permeability, increased nutrient uptake, and increased
accumulation of dry matter. These results align with
those of Ashraf et al. (2010) and Bukhat et al. (2020),
who discovered that the application of salicylic acid
improved plant growth parameters under stress. In a
similar vein, Ahmad et al. (2018) attributed the growth-
promoting qualities of salicylic acid to enhanced
respiration and photosynthesis, improved phosphorus
and oxygen absorption by roots, and increased cell
membrane permeability.

As shown in Tables 3 and 4, the relationship
between sugar beet varieties and foliar salicylic acid
application rates significantly affected root yield, root
length, root diameter, and root weight in both seasons.
When treated with the highest concentration of salicylic
acid (200 ppm/l), the variety BTS 7245 consistently
produced the highest values for root diameter (17.28
and 16.63 cm) and root length (38.46 and 38.63 cm) in
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the first and second seasons, respectively. In contrast,
the variety Shantala-KWS recorded the lowest root
dimensions under several salicylic acid treatments.
Under the highest concentration (200 ppm/l), the
Shantala-KWS produced the lowest root diameter
(15.11 cm) and root length (34.08 c¢cm) in the first
season. While in the second season, a similar pattern for
the same variety was observed (14.11 and 35.72 cm for
root length and diameter, respectively) among the same
treatment. These findings are in line with previous
studies. Stevanato et al. (2019) reported that salicylic
acid enhances growth traits by improving nutrient
solubilization and uptake. Similarly, Janda et al. (2007)
observed that salicylic acid application (250 ppm/I)
significantly improved root traits and highlighted a
strong interaction between genotype and salicylic acid
levels on root length and diameter in sugar beet.

The interaction between salicylic acid concentrations
and sugar beet varieties significantly affected root fresh

weight per plant and root yield per feddan in both
seasons (Tables 3 and 4). In the first season, the multi-
germ variety BTS 7245 treated with 200 ppm/I salicylic
acid produced the highest values of root weight/plant
and root yield (1.39 kg/plant and 31.79 tons/fed,
respectively). Also recorded (1.22 kg/plant and 30.29
tons/fed for root weight and yield, respectively) under
the second season. A similar trend was observed, where
BTS 7245 and BTS 8935 outperformed the other
varieties, recording the greatest values for these traits.
These results may be explained by the role of salicylic
acid in enhancing plant tolerance through increased
phenolic and proline compound production, in addition
to inherent genetic differences among varieties and the
influence of the soil’s chemical properties at the
experimental site. Comparable findings were reported
by Makhlouf et al. (2021), Abu-Ellail et al. (2023), and
Singh and Usha (2003), who also confirmed the positive
effects of salicylic acid on sugar beet growth and yield.

Table 3. Mean performance of sugar beet varieties for root length and diameter traits treated by salicylic acid

levels during the 2022/2023 and 2023/2024 seasons

2022/ 2023

Root length (cm/plant)

Root diameter (cm/plant)

Varieties

Salicylic acid levels (SA) (ppm/l)

Zero 100 ppm 150 ppm 200 ppm Mean Zero 100 ppm 150 ppm 200 ppm Mean
Afendra-KWS  27.63 32.08 35.60 36.56 32.97 11.00 13.41 14.18 15.43 13.51
Shantala-KWS  26.16 30.06 32.35 34.08 30.66 10.37 11.9Y 13.96 15.11 12.84
BTS 8935 30.16 32.76 36.23 37.19 34.09 12.05 13.05 14.81 15.93 13.96
BTS 7245 32.09 36.14 37.50 38.46 36.05 13.06 14.88 16.13 17.28 15.34
Mean 29.01 32.76 35.42 36.57 33.44 11.62 13.32 14.77 15.94 13.91

LSD at 0.5%
SA 2.03 0.67
Var. 1.15 1.12
SA xVar. 1.56 0.71

2023 /2024

Afendra-KWS  29.46 33.96 35.57 36.85 33.96 11.60 13.11 14.10 14.61 13.36
Shantala-KWS  29.37 33.54 34.53 35.72 33.29 1051 12.71 13.48 14.11 12.70
BTS 8935 30.95 34.72 36.12 37.34 3478 11.92 13.82 14.63 15.12 13.87
BTS 7245 32.48 35.43 37.41 38.63 35.99 12.02 13.9v 15.09 16.63 14.42
Mean 30.57 34.41 35.91 37.14 3451 1151 13.39 14.33 15.12 13.59

LSD at 0.5%
SA 1.47 1.00
Var. 1.63 0.98
SA xVar. 1.24 0.56
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Table 4. Mean performance of sugar beet varieties for root weight and root yield traits treated by salicylic acid

levels during the 2022/2023 and 2023/2024 seasons

2022/ 2023
o Root weight (kg/plant) Root yield(ton/fed)
Varieties Salicylic acid levels (SA) (ppm/I)

Zero 100 ppm 150 ppm 200 ppm Mean Zero 100 ppm 150 ppm 200 ppm Mean

Afendra-KWS  0.69 0.84 1.06 1.23 096 2196  26.98 29.05 29.66 26.91

Shantala-KWS  0.64 0.82 1.00 1.14 090 2125 24.34 26.97 27.58 25.04

BTS 8935 0.76 0.93 1.23 1.28 1.05 2449  28.13 30.36 31.01 28.50

BTS 7245 0.87 0.98 1.34 1.39 115 26.52  28.69 31.18 31.79 29.55

Mean 0.74 0.89 1.16 1.26 1.01 2356 27.04 29.39 30.01 27.50
LSD at 0.5%

SA 0.23 1.42

Var. 0.21 1.06

SA xVar. 0.15 1.21

2023 /2024

Afendra-KWS  0.73 0.89 1.09 1.14 096 2149 2595 27.47 27.73 25.66

Shantala-KWS  0.70 0.84 1.08 1.11 093 2086 24.72 26.38 26.59 24.64

BTS 8935 0.76 0.89 1.16 1.16 099 2234  26.35 28.39 28.13 26.30

BTS 7245 0.82 0.90 1.24 1.22 1.05 2357 27.83 30.07 30.29 27.94

Mean 0.75 0.88 1.14 1.16 098 2207 26.21 28.08 28.19 26.14
LSD at 0.5%

SA 0.18 2.04

Var. 0.18 1.00

SA xVar. 0.13 1.16

Sugar yield and its related traits

The findings in Tables 5 and 6 showed that the sugar
beet varieties differed significantly in terms of sucrose
percentage, extractable sugar percentage, and sugar
yield (ton/fed). However, the variation in sugar lost to
molasses percentage (SLM%) was not statistically
significant. Across both seasons, the variety BTS 7245
consistently recorded the lowest SLM% values (1.48
and 1.53%, respectively). This reduction in SLM% and
associated impurities contributed to its superior
performance in sucrose content, extractable sugar
percentage, and sugar yield. The observed differences in
these quality traits among the tested varieties may be
attributed to genetic factors, which play a key role in
determining plant morphology and physiological
efficiency. In support of these findings, Hayat and
Ahmed (2007) reported that sucrose percentage and
refined sugar yield differed significantly among sugar
beet varieties and were positively influenced by
salicylic acid application compared with the untreated
control.

As shown in Tables (5 and 6), foliar application of
salicylic acid significantly enhanced sucrose percentage,
extractable sugar, and sugar yield (ton/fed), while
reducing SLM% compared with the control treatment in
both seasons. The best performance was obtained with
the 200 ppm/I treatment, followed by 150 ppm/I, during
both study seasons. Across all application rates (50-200
ppm/l), salicylic acid consistently increased sucrose
content and extractable sugar compared to the control.
These findings are consistent with earlier reports.
Khodary (2004) demonstrated that sugar beet quality
traits improved significantly with higher salicylic acid
application rates, while Tasgin et al. (2003) found that
sugar yield markedly increased with salicylic acid
treatment compared to untreated plants.

In both seasons, the interaction between sugar
beet varieties and salicylic acid levels had a significant
impact on sucrose percentage, extractable sugar, and
sugar Yyield, according to the results in Tables 5 and 6.
The variety BTS 7245, when treated with 200 ppm/L
salicylic acid, achieved the highest values for sucrose
percentage (21.35 and 20.34%), extractable sugar
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percentage (19.70 and 18.65%), and sugar yield (6.26
and 5.65 tons/fed) in the first and second seasons,
respectively, which contributed to its superior
performance relative to the other varieties. Conversely,
the multi-germ variety Shantala-KWS recorded the
lowest values of the above quality traits under the same
treatment (200 ppm/l). Overall, the results suggest a
positive relationship between the frequency and
concentration of salicylic acid application and
improvements in sucrose and refined sugar content. This
may be attributed to reduced levels of juice impurities.
Supporting evidence was reported by Merwad (2015),
who found that salicylic acid decreased juice impurities,
and by Abu-Ellail et al. (2023) and El-Kady et al.
(2021), who observed significant varietal differences in
quality traits when sugar beet was cultivated in newly
reclaimed soils and treated with salicylic acid.

Impurities traits

The results in Tables (7 and 8) revealed significant
differences among the tested varieties in the
concentrations of impurities, namely N%, Na%, and
K%. Among them, the variety BTS 7245 consistently
recorded the lowest of the most impurity traits. This
reduction in impurities is likely linked to their superior
performance in sucrose percentage and sugar extraction
efficiency, which ultimately translated into higher sugar
yield. These results are most likely related to genetic
factors that influence juice quality. Similar findings
were reported by Abu-Ellail et al. (2024) and Benlhabib
et al. (2014), who observed significant varietal
differences in impurity components—potassium,
sodium, and a-amino-N.

Table 5. Mean performance of sugar beet varieties for sugar lost to molasses (SLM%) and sucrose% under
salicylic acid influence during the 2022/2023 and 2023/2024 seasons

2022/ 2023
Sugar lost to molasses (SLM%o) Sucrose%
Varieties Salicylic acid levels (SA) (ppm/l)
Zero 100 150 200 Mean  Zero 100 150 200 Mean
ppm ppm ppm ppm ppm ppm

Afendra-KWS  1.97 1.69 1.28 1.04 150 14.14 16.92 19.56 19.12 1744

Shantala-KWS  2.02 1.69 1.31 1.06 152 1293 1591 18.19 18.66  16.42

BTS 8935 2.05 1.78 1.31 1.07 155 1422 17.63 20.48 21.01 18.34

BTS 7245 1.91 1.64 1.30 1.05 148 1536  18.05 20.73 21.35 18.87

Mean 1.99 1.70 1.30 1.06 151 1416 17.13 19.74 20.04  17.77
LSD at 0.5%

SA 0.27 1.57

Var. NS 0.59

SA xVar. NS 0.87

2023 /2024

Afendra-KWS 2.01 1.71 1.32 1.07 153 1571 17.76 18.99 19.68  18.04

Shantala-KWS 2.04 1.69 1.32 1.08 153 1554 17.64 18.72 19.26  17.79

BTS 8935 2.06 1.81 1.31 1.07 156 16.36 18.01 19.72 20.31  18.60

BTS 7245 1.95 1.73 1.33 1.09 153 16.79 18.63 20.48 20.34  19.06

Mean 2.02 1.74 1.32 1.08 154 16.10 18.01 19.48 19.90 18.37
LSD at 0.5%

SA 0.66 1.38

Var. NS 0.67

SA xVar. NS 0.68
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Table 6. Mean performance of sugar beet varieties for extractable sugar% and sugar yield (ton/fed) under
Salicylic acid influence during the 2022/2023 and 2023/2024 seasons

2022/ 2023

Extractable sugar%o

Sugar yield (ton/fed)

Varieties

Salicylic acid levels (SA) (ppm/I)

Zero 100 ppm 150 ppm 200 ppm Mean Zero 100 ppm 150 ppm 200 ppm Mean

Afendra-KWS 11.57 14.63 17.68 17.48 15.34 2.54 3.95 5.14 5.18 4.20

Shantala-KWS 10.31 13.62 16.28 17.00 1430 2.19 3.31 4.39 4.69 3.65

BTS 8935 11.57 15.25 18.57 19.34 16.18 2.83 4.29 5.64 6.00 4.69

BTS 7245 12.85 15.81 18.83 19.70 16.80 341 4.54 5.87 6.26 5.02

Mean 11.58 14.83 17.84 18.38 15.66 2.74 4.02 5.26 5.53 4.39
LSD at 0.5%

SA 1.14 0.24

Var. 0.13 0.14

SA xVar. 0.64 0.35

2023/ 2024

Afendra-KWS 13.10 15.45 17.07 18.01 1591 281 4.01 4.69 4.99 4.13

Shantala-KWS 12.90 15.35 16.80 17.58 15.66 2.69 3.80 4.43 4.68 3.90

BTS 8935 13.70 15.60 17.81 18.64 16.44 3.06 411 5.06 5.24 4.37

BTS 7245 14.24 16.30 18.55 18.65 16.94 3.36 4.54 5.58 5.65 4.78

Mean 13.49 15.68 17.56 18.22 16.23 2.98 4.12 4.94 5.14 4.29
LSD at 0.5%

SA 0.89 0.26

Var. 0.41 0.16

SA xVar. 0.74 0.48

During two seasons, increasing salicylic acid
concentrations from 0 to 200 ppm/l significantly
reduced the percentages of N, Na, and K (Tables 7 and
8). At the highest application level (200 ppm/l), the
lowest mean values were recorded: N% (0.52 and 0.55),
Na% (1.02 and 1.02), and K% (2.03 and 2.11) in the
first and second seasons, respectively. In contrast, the
control treatment produced the highest impurity levels,
with mean values of N% (1.63 and 1.66), Na% (3.33
and 3.39), and K% (4.39 and 4.48) in the first and
second seasons, respectively. The reduction in these
impurities corresponded with improvements in juice
quality, which reached its maximum when salicylic acid
was applied at 200 ppm/l. This effect may be attributed
to the regulatory role of salicylic acid in enhancing
sugar  properties and improving  physiological
parameters. These findings are consistent with those of
Bukhat et al. (2020), Ashraf et al. (2010), and Abu-
Ellail et al. (2023), who reported that higher salicylic
acid application rates significantly enhanced sugar beet
quality traits by reducing juice impurities and improving
overall sugar quality.

The interaction between sugar beet varieties and
salicylic acid levels shown in Tables 7 and 8
significantly impacted N% and Na% impurities in both

seasons. The variety Afendra-KWS recorded the lowest
N% values (0.54 and 0.43% in the first season and 0.60
and 0.49% in the second season) when treated with 150
and 200 ppm/l salicylic acid, respectively. Also, the
same variety recorded the lowest Na% under the highest
concentration of salicylic acid (200 ppm/l) in the first
season (0.97%). While, the variety Shantala-KWS
recorded the lowest value in the second season (0.97%).
Additionally, when the concentration of salicylic acid
(200 ppm/l) increases, the K% values decrease.
However, in both the first and second seasons, the
variety BTS 8935 had the lowest value (1.85% and
1.93%, respectively). Overall, impurity levels declined
progressively with increasing salicylic acid rates,
suggesting a strong positive relationship between
salicylic acid application and reduced concentrations of
Na, K, and a-amino nitrogen in sugar beet roots. Similar
trends were reported by Merwad (2015), who observed
that salicylic acid application significantly influenced
nutrient composition (N, P, and K) in sugar beet roots,
and by Bukhat et al. (2020) and Ashraf et al. (2010),
who found that increasing salicylic acid up to 200 ppm/I
decreased sodium, potassium, and amino-nitrogen
contents in sugar beet varieties.
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As shown in Table 8, there was a significant
interaction between varieties and salicylic treatments on
proline accumulation (umoles/g leaf fresh weight) in
both seasons. In the first season, there was no
significant difference in the proline accumulation of the
varieties; however, in the second season, there was a
significant difference in this trait. However, there is a
noteworthy interplay between salicylic acid levels
during both seasons and variance. A positive correlation
was found between the level of stress tolerance and the
rise in proline content. These patterns of findings led us
to conclude that proline contributed to the stress
tolerance of these sugar beet varieties (Ghoulam et al.,
2002). In sugar beet, proline was accumulated to a high
level and played the main role in osmotic adjustment
under osmotic stress. Proline accumulation in stressed
tissues has been suggested to serve additional purposes,
such as protecting membranes and enzymes (Bandurska,
1993).

GGE biplot analysis
1. Comparison biplot for Genotype by traits (GT)

GGE biplot analysis based on GT (genotype and
traits) was performed using standardized data to

eliminate unit differences among traits. The analysis
allowed for the visualization of relationships among
traits, their associations with cultivars, and the genetic
diversity among sugar beet varieties (Fig. 1). Root
length, sucrose percentage, sugar yield, and root yield
were the traits contributing most to the variation
explained by the first principal component (PC1). These
findings highlight the complex interactions between
measured traits and genotypes (Yan and Tinker 2005).

In the first season, PC1 and PC2 accounted for
71.75% and 19.60% of the total variation, respectively,
while in the second season, they explained 80.59% and
15.27%, giving a cumulative variation of 95.86%.
According to Yan and Kang (2003), a GGE biplot is
considered reliable when the first two principal
components explain more than 60% of the total
variation, a condition satisfied in this study. The
polygon view of the biplot provided a useful tool for
exploring genotype-trait interactions. Consistent with
Shojaei et al. (2022), genotypes located closer to the
biplot origin were more stable, while those farther from
the origin showed greater variability.

Table 7. Impact of salicylic acid foliar application on key impurity traits (a-Amino N % and Sodium%b) in
sugar beet varieties during the 2022/2023 and 2023/2024 seasons

2022/ 2023
a-Amino N % Na%
Varieties Salicylic acid levels (SA) (ppm/1)
Zero 100 ppm 150 ppm 200ppm Mean Zero 100 ppm 150 ppm 200 ppm Mean
Afendra-KWS  1.58 1.25 0.54 0.43 095 334 2.29 1.11 0.97 1.93
Shantala-KWS  1.67 1.36 0.63 0.52 1.05 345 2.34 1.18 1.04 2.00
BTS 8935 1.63 1.36 0.75 0.64 110 354 2.45 1.20 1.06 2.06
BTS 7245 1.62 1.22 0.58 0.47 097 297 2.00 1.14 1.00 1.78
Mean 1.63 1.30 0.63 0.52 1.02 333 2.27 1.16 1.02 1.94
LSD at 0.5%
SA 0.11 0.91
Var. NS NS
SA xVar. 0.09 0.13
2023 /2024
Afendra-KWS  1.67 1.34 0.60 0.49 1.03 3.36 2.37 1.18 1.04 1.99
Shantala-KWS  1.69 1.44 0.68 0.57 110 350 2.10 1.11 0.97 1.92
BTS 8935 1.63 1.42 0.73 0.62 110 354 2.44 1.16 1.02 2.04
BTS 7245 1.64 1.37 0.64 0.53 1.05 3.16 2.29 1.19 1.05 1.92
Mean 1.66 1.39 0.66 0.55 1.07 3.39 2.30 1.16 1.02 1.97
LSD at 0.5%
SA 0.16 0.83
Var. NS NS
SA xVar. 0.05 0.08
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Table 8. Impact of salicylic acid foliar application on key impurity trait (K%) and praline accumulation in
sugar beet varieties during the 2022/2023 and 2023/2024 seasons

2022/ 2023
. K% Proline (u moles/g)
Varieties Salicylic acid levels (SA) (ppm/l)
Zero 100 ppm 150 ppm 200 ppm Mean Zero 100ppm 150 ppm 200 ppm Mean
Afendra-KWS  4.34 4.01 3.52 211 350 521 6.05 6.32 6.62 6.05
Shantala-KWS  4.40 3.76 3.46 2.05 342 525 6.18 6.54 6.74 6.18
BTS 8935 4.62 4.26 3.26 1.85 350 5.32 6.26 6.62 6.85 6.26
BTS 7245 4.19 3.94 3.52 211 344 521 5.62 5.69 6.23 5.69
Mean 4.39 3.99 3.44 2.03 346 5.25 6.03 6.29 6.61 6.04
LSD at 0.5%
SA 0.26 0.46
Var. NS NS
SA xVar. NS 0.15
2023 /2024
Afendra-KWS  4.46 3.91 3.59 2.18 354 5.00 5.34 541 5.62 5.34
Shantala-KWS  4.50 3.80 3.54 2.13 349 523 5.32 5.69 6.51 5.69
BTS 8935 4.68 4.3 3.34 1.93 356 5.45 5.62 5.97 6.85 5.97
BTS 7245 4.29 4.08 3.6 2.19 354 532 6.33 6.45 7.21 6.33
Mean 4.48 4.02 3.52 211 353 525 5.65 5.88 6.55 5.83
LSD at 0.5%
SA 0.17 0.33
Var. NS 0.23
SA xVar. NS 0.26

Variety BTS 7245 recorded the highest sugar yield
(SY) and root yield (RY), with BTS 7245 and BTS
8935 clustering in the same sector, indicating similar
performance for vyield-related traits. The positive
associations among these traits were reflected in the
acute angles between them, whereas Afendra-KWS and
Shantala-KWS, separated by obtuse angles, exhibited
the lowest values for SY and RY. The grouping of
varieties in the biplot corresponded closely with their
mean performance, confirming the reliability of this
method. Yan (2001) demonstrated that specific
genotypes were representative, stable, and able to
distinguish between different traits for the performance
of the evaluated sugar beet varieties.

Overall, PCA proved to be a robust and effective
approach for identifying superior varieties based on
multiple traits. The analysis demonstrated that yield-
related traits such as root and sugar yield per feddan,
sugar extraction coefficient, and extractable sugar
percentage were the most discriminating factors among
genotypes. These results are consistent with the findings
of Yan and Kang (2003), Korshid (2016), Ghareeb et
al. (2014), and Abbasi et al. (2014), who reported high
variation between varieties in traits represented by
shorter vectors and explained the interaction between
the genotype and the traits. This relatively high
percentage demonstrates the complexity of the

relationships between the measured correlated traits and
the genotypes.

1. Relationship between genotypes and treatments
(GTr)

The scaling values of the first two principal
components (PC1l and PC2) were symmetrically
distributed between trait and variety scores. Figures 2
and 3 present the polygon view of the genotype x
treatment (GTr) biplot, which was constructed to
evaluate diversity among sugar beet cultivars using
twelve characters. Together, PC1 and PC2 explained up
to 89.4% of the total variation across traits (Yan and
Hunt ,2002). The visualizing graphic of genotype means
and treatments shows different highly desirable traits,
which are high yield and high stability.

For the root yield dataset (Fig. 2), the GGE biplot
accounted for 98.82% and 99.77% of the total variation
in the first and second years, respectively. In the first
season, PC1 and PC2 explained 75.22% and 23.60% of
the variance, while in the second season, they accounted
for 87.01% and 12.75%, respectively. Similarly, for the
sugar yield dataset (Fig. 3), the GGE biplot captured
99.77% and 98.82% of the variation in the first and
second years, respectively. These high proportions
demonstrate the reliability of the biplot in describing the
contributions of sugar beet varieties to yield-related
traits, in agreement with Yan and Rajcan (2002) and Al-
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Naggar et al. (2018), who emphasized the utility of
biplots for interpreting trait-environment relationships.

The polygon view also facilitated the identification
of superior genotypes. BTS 7245 consistently exhibited
the highest root and sugar yields across most treatments
in both seasons, followed by BTS 8935, Afendra-KWS,
and Shantala-KWS. Such findings highlight the
potential of GGE biplots as tools for indirectly selecting
cultivars suited to sandy soil environments. These
results are in line with Hu et al. (2016), Korshid (2016),

Comparison biplot (Total - 99.81%)

and Ober et al. (2005), who reported that GGE biplots
effectively distinguish genotypes expressing favorable
combinations of traits. Furthermore, the analysis
suggested that root weight and water use efficiency can
serve as key indicators for identifying elite sugar beet
varieties. The GGE biplot is most appropriate for multi-
environment analysis, test environments that offer
discriminating power vs. representativeness, and
genotype evaluation (Yan and Tinker ,2006) .

Comparison biplot (Total - 98.57 %)
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Fig.1. GGE-biplot based on GT (genotype and traits) for a comparison graph displaying the traits and varieties
with the highest values for four sugar beet varieties during the first and second seasons
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and treatments with respect to root yield in the first and second growing seasons
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CONCLUSION

The results demonstrated that salicylic acid
application enhanced root yield and juice quality of
sugar beet under sandy soil conditions. The highest
juice quality, with the lowest impurity levels, was
obtained with 150 and 200 ppm/l of salicylic acid.
Overall, salicylic acid showed a positive impact on
sugar beet varieties, confirming its potential as a low-
cost approach for producing high-quality roots and
supporting profitable sugar production in reclaimed
soils.

The GGE biplot analysis effectively illustrated trait
relationships, providing results consistent with mean
performance and offering a simple yet informative tool
for evaluating multiple traits. Among the tested
varieties, the multigerm BTS 7245, along with BTS
8935 and Shantala-KWS, recorded the best performance
across most yield and quality traits. In contrast, proline

and SLM % were not reliable indicators for selecting
superior genotypes when considering root and sugar
yield combinations. GGE biplot analysis further
indicated that root diameter and root weight at harvest
were the key contributors to root yield variation.
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