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ATER stress is considered one of the most widespread limitations to crop productivity and

yield stability causing yield reductions between 10 and 30 % of sugar beet. Drought tolerance
is a complex trait controlled by many metabolic pathways and genes. Identifying a solution to increase
the tolerance of plants to drought stress is one of the grand challenges in plant biology. This study
provided compelling evidence of increased drought stress tolerance in four sugar beet cultivars
namely Del 1135 R2, Collins, BTS 7245 R1 and Aseel planted under three levels of field capacity
(100 -75 -50 % FC) and treated with foliar application of ascorbic acid at three concentrations (0-350-
550 ppm). Study was established throughout two winter growing seasons 2021/2022 and 2022/2023 at
the experimental farm of Agronomy Department-Faculty of Agriculture- Suez Canal University in
Ismailia, Egypt. Results were observed that drought stress expressively reduced plant growth,
photosynthetic pigments, and sugar yield, while foliar application of ascorbic acid caused significant
increase on growth and yield parameters. It can trigger some physiological processes and stimulate
total soluble sugars in plants. Tolerance indices like MP-TOL-YSI-GMP indicated that cultivars Aseel
and Collins with treatment 550 ppm AsA gave the highest yield and gave the most tolerant treatments.
Furthermore, values of genetic parameters; GVC, PVC, GA and h2 exhibited increasing in number of
studied characters of root and shoot that can used for selection in successive breeding programs.

Keywords: Sugar beet (Beta vulgaris L.), Drought, Ascorbic acid, Genetic variability, Tolerance
indices.

atmospheric conditions cause constant loss of water
through evaporation or transpiration. Water stress
also results from lack of rainfall, salinity, high light
intensity, high and low temperatures, among others

2. Introduction

Sugar beet is considered an important sugar crop in
temperate region. In Egypt (semi -arid region)
sugar beet cultivated beside sugar cane crop to

provide people with sugar needs consumption
which increased with increasing number of
populations. Sugar beet produced 12.54 million
tons of sugar represented about 50% from the local
production  (Egyptian  Society of  Sugar
Technologies and Sugar Crops Research Institute,
2022). Abiotic stresses carriage a great challenge
for plant growth and development by causing
morphological, biochemical and physiological
changes in plant cells (Mishra et al., 2023).
Generally, drought stress is one of the abiotic
stresses that have limits on growth development
and plant yield (Pitman & Lauchli, 2002 and Shao
et al., 2008). Drought stress happens when
available water in the soil becomes rare and

(Seleiman et al., 2021 and Tan et al., 2023).
Equally drought stress and salt have a multifaceted
effect, causing changes in most biochemical,
morphological, physiological, and molecular
features. There is a reduction in turgor, leaf water
potential and stomatal closure and a decrease in
expansion and cell growth (Hussain et al., 2018,
Hannachi et al., 2023 and Tan et al., 2023). These
stresses prevent plant growth by affecting various
biochemical and physiological functions such as
chlorophyll synthesis, photosynthesis, ion uptake
and movement, carbohydrate metabolism and
nutrient metabolism (Kang et al., 2023 and Tan et
al., 2023). Water deficit in Egypt in current time is
major limit to increase the cultivated area. Besides,
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some planted area might be suffered from this
water deficit. Sugar beet crop is sensitive to
shortage of water especially in seedling stage (Caro
& Cucci, 1986). Water stress caused several
metabolic and morphological changes in cells and
whole plant as tolerant responses of it (Blum,
1996). Water stress reduced root fresh & dry
weights and root length (Rozita et al., 2012).
Drought caused significant reduction in each of leaf
area index and total chlorophyll of wheat plants
(Kotb, 2014. Drought stress reduced the plant
growth, fresh and dry biomass, and photosynthetic
pigments of maize plants (Noman et al., 2015).
Under drought stress, photosynthetic pigments,
seedlings growth and  development and
photosynthetic quantum yield expressively reduced
compare to control in all sugar beet genotypes
(Islam et al., 2020).

Ascorbic acid (AsA) plays an important role in
protecting plant tissues from harmful oxidative
damage by acting as reductant (Anjum et al., 2016
and Alamri et al., 2018). It can regulate several
processes in cells such as cell division, cell
differentiation, and senescence (Alamri et al.,
2018). L-ascorbic acid (vitamin C) is an important
vitamin in the human diet and is abundant resources
in plant tissues. Ascorbate contributes to electron
low and to formation of zeaxanthin which acts as a
photoprotectant. Activities of enzymes in the
ascorbate glutathione cycle are increased by
drought and low temperature suggesting a
requirement for increased activity of the cycle
under these conditions (Smirnoff, 1993 and 1995).
As an antioxidant, AsA has an important role in
protection against oxidative stress. Reactive oxygen
species (ROS) such as hydrogen peroxide (H,0,),
superoxide (O%), and the hydroxyl radical cause
oxidative stress and are generated by a wide variety
of factors in plants. Under normal conditions, ROS
are generated during photosynthesis by singlet
oxygen formation as well as oxygen
photoreduction. Photooxidative damage can occur
when ROS production exceeds that of the
antioxidant capacity. Such conditions occur when
high light is combined with other environmental
conditions such as drought, temperature extremes,
or nutrient deprivation (Luwe et al., 1993). Under
normal conditions, the effects of foliar application
of vitamin C on many plants were indicated. Abdel-
Halim (1995), Dolatabadian et al. (2010), Kotb and
Elhamahmy (2013), Abo-Marzoka et al., (2016)
and Qasim et al. (2019) found that foliar application
of ascorbic acid caused significant increase on
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growth parameters as well as total weight, number
of fruits and total yield. Foliar application of
ascorbic acid significantly enhanced all growth
parameters compared to un treated plants,
especially on the high concentration of ascorbic
acid (Abd EI-Aziz et al., 2007 & Farahat et al.,
2007 and Mazher et al. 2011). Application of AsA
saved approximately 852m3/h of irrigation water
without reducing wheat productivity (Kotb and
Elhamahmy, 2013). Also, response of peanut crop
to irrigation intervals and spraying with ascorbic
acid in sandy soils, there was significant interaction
between irrigation intervals and spraying with
ascorbic acid on growth characters as well as total
yield (Yakout et al., 2013). Application of AsA on
wheat plants improved the oxidative stress damage
of drought, reflected by improving growth
characters as well as decreasing the activity of
antioxidant enzymes in the leaves by approximately
14-16% compared to untreated plants under water
stress (Kotb, 2014). On the other hand, under
salinity stress conditions, the foliar spraying of
ascorbic acid by 200 ppm significantly increased
root yield and sugar yield over that gained by
untreated plants (Abdel Fatah and Sadek, 2020).
Also, exogenous AsA responded salt-induced
photoinhibition ~ mostly by  controlling the
endogenous AsA level and oxidation-reduction
state in the chloroplast to encourage chlorophyll
synthesis and improve the damage of oxidative
stress to photosynthetic apparatus (Chen et al.,
2021). Ascorbic acid in mitigation stress proved to
be beneficial in most cases in imparting tolerance
through increased carotenoids which played a
protective role against stress (Abd El-Baki et al.,
2022). Meanwhile, the response of sugar beet is not
affected by the utilization of ascorbic acid via
irrigation water at the concentrations used in the
study of Goncalves et al., 2022. Stress tolerance
improvement through stress-mitigating strategies
including the exogenous application and breeding
drought/salt -tolerant varieties. These methods
would assist in achieving sustainable yields despite
global climatic changes (Islam et al., 2022 and
Alavilli et al., 2023). The foliar application of
ascorbic acid increased growth and vyield by
increasing photosynthetic pigments and up-
regulating the enzymatic antioxidants under non-
stressed and water stressed conditions (Sultan et al.,
2023). To improve drought tolerance cultivars,
must be a better understanding of different
mechanisms related to the adaptability of sugar beet
in drought conditions (Islam et al., 2020).
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This study was conducted to evaluate some sugar
beet cultivars in their drought tolerance using
ascorbic acid, and to select a drought-tolerant
cultivar to recommend its cultivation in Egyptian
marginal areas.

2. Materials and Methods

Plant Material and Experimental Design:

A field experiment was carried out to investigate
the effect of ascorbic acid on four sugar beet
cultivars under water stress conditions. Sugar beet
genotypes namely Del 1135 R2, Collins, BTS 7245
R1 and Aseel Table 1. These genotypes planted
were under three levels of field capacity (100 — 75
— 50 % FC) and treated with foliar application of
ascorbic acid at three concentrations (0-350-550
ppm). This study was established throughout two
winter growing seasons 2021/2022 and 2022/2023
at experimental farm of Agronomy Department-
Faculty of Agriculture- Suez Canal University in
Ismailia, Egypt. The sowing date was 15 November
in both the experimental design was a split-split
plot design within a randomized complete block
design (RCBD) with three replications. Main plots
were designated for water treatments, while AsA
treatments were allocated to subplots and varieties
to sub-subplots.

distance between was hills 20 cm apart. Drought
stress treatments were applied by preventing
irrigation to maintain soil moisture content at field
capacity of 75% and 50%, in addition to control
treatment, where, soil moisture was maintained to
field capacity (100%) until harvest. Experimental
sub plot consisted of 5 rides 3 m in length and 60
cm in width (3*3 =9m2).

Table (1). Cultivars, cultivars name and source
of sugar beet used in the present investigation.

No. Cultivar name  Source

Del 1135 R2 France

Collins France

BTS7245R1  Germany

AlwW|IN| P

Aseel  Germany

Recorded data:

At 150 days after sowing, five plants were taken
randomly to recorded:

Total chlorophyll content (SPAD)

Chlorophyll meter reading as a SPAD values (502
plus- Minolta, Japan) were repeatedly taken at
fully expanded sugar beet leaves through the
experiments three times and average was
calculated.

Number of leaves/plant:

Morphological characteristics:
At harvest (200 days after sowing) ten plants were

taken randomly to recorded:
Root diameter and length (cm)
Root fresh and dry weights (g /plant)
Shoot fresh and dry weights (g/plant)
Sucrose content (%)
Sucrose percentage in juice of beet root was
determined by Digital Sucrose Refractometer,
MAS871, Milwaukee Electronics Kft,
http://www.milwaukeeinst.com.
Genetic variability:
The genotypic variance 62 g=M2 —M1/r
The phenotypic variance 62 p=062 g+ o2 ¢
o2p denote to phenotypic variance, 62g denote to
genotypic  variance and o2e denote to
environmental variance, M1 denote to expected
mean squares of genotypes which calculated from
ANOVA Table, M2 denote to expected mean
squares of error which calculated from ANOVA
Table.
The genotypic (G.C.V %) and phenotypic (P.C.V
%) coefficients of variability were calculated as og
/x- and op /x-, respectively.
Heritability in broad sense (h2): heritability in
broad sense and coefficient of variation (CV) were
calculated for each trait. The calculation of these
summary statistics requires knowledge of the error
variance for the trait, according to Hallauer &
Miranda (1988).
The genetic advance (GA): calculated according to
Allard (1964) was estimated from the following
formula: GA=1 h2 Vp. where | = 2.06 (at 5 %
selection intensity), h2: heritability in broad sense.
Tolerance indices:
Stress tolerance and susceptibility
1. Geometric Mean Productivity (GMP) = V(Y

p*Ys)

2. Mean productivity (MP) = Yp + Ys /2
according to Gupta et al. (2001)

3. Tolerance index (TOL) =Y p - Ys Gupta et al.
(2001)

4. Yield stability index (Y SI) = Ys /YP

5. Drought susceptibility index = (1- Ys /Yp )/
DIl, according to Chaudhuri & Kanemasu
(1982), where:

Ys = mean root yields of a given genotype in WS
(50% FC) condition; Yp = mean root yields of a
given genotype in NS (100% FC) condition; DIl =
Drought intensity index.

The drought intensity index (DII) for each water
regime (FC%) was calculated as: DIl =1 - Xs/Xp
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where, Xs= mean yield of all genotypes under
stress and Xp= mean vyield of all genotypes
without stress.

Statistical analyses

Data were subjected to analysis of variance and
combined analysis throughout the two seasons. The
least significant difference (L.D.S) test at a

significance level of P < 0.05 was employed to
distinguish between the averages of each factor in
this study.

3. Results and Discussion

A- Growth
- Total chlorophyll content (SPAD)

Results in Table 2. showed that plants of Collins
cultivar had the highest mean value for chlorophyll
content (45.2). The forced to water stress caused
degradation in chlorophyll content by increasing
the activity of the chlorophyllase enzyme which
causing the insulting of chlorophyll, chloroplast
structure, and pigment-protein complexes unstable
(Jamil et al., 2012 and Bayoumi et al., 2015).
Tolerant cultivars with high chlorophyll content
might be due to their ability to repair the damage
mechanism, but sensitive cultivars did not have this
mechanism (Afiah et al., 2016). AsA at 550 ppm
gave the highest value (47.3). Interactions between
(AsA* FC), (C * FC), (C * AsA) and (C * AsA*
FC) were highly significant. These results are in the
same line with the findings of Kotb, (2014), Chen

et al. (2021), Kang et al. (2023), Sultan et al.
(2023) and Tan et al. (2023).

Number of leaves/plants

Results in Table (2) showed that cultivars
differences, concentrations of ascorbic acid and
water stress regime have significanteffects on
number of leaves/plant) of sugar beet plants.

Aseel cultivar recorded high values for number of
leaves/plant (24.1). The differences between
cultivars are due to their differences in genetic
makeup (Azab et al., 2017; Islam et al., 2020).
Data in Table (2) explained that increasing
concentration of ascorbic acid from 350 ppm up to
550 ppm in the foliar spray treatments significantly
increased number of leaves/plant. AsA at 550 ppm
gave the highest value in number of leaves/plant
compared with 0 ppm and 350 ppm (Table 2).
These results are in agreement with those found by
Islam et al. (2022), Alavilli et al. (2023) and
Sultan et al. (2023).

Results in Table (2) presented that more water
regime stress expressed as 50% FC or 75% FC
significantly decreased number of leaves/plant
comparing with control treatment 100%FC. The
same results were obtained by Noman et al. (2015)
and Islam et al. (2020). Interactions between
(AsA* FC), (C * FC), (C * AsA) and (C * AsA*
FC) were high significant in number of
leaves/plant. These results are confirmed with those
reported by Gongalves et al. (2022), Hannachi et
al. (2023), Kang et al. (2023), Mishra et al. (2023)
and Tan et al. (2023).

Table 2. Mean performance of sugar beet cultivars for number of leaves/plant and SPAD reading under
drought stress using ascorbic acid with different concentrations.

Treatment Number of leaves/plant Chlorophyll SPAD Value
Field capacity (FC)

100% FC 26.1a 47 a
75% FC 22.3b 43.7b
50% FC 19.8¢ 40.3 ¢
Ascorbic Acid (AsA)

0 ppm AsA 196¢ 39.3¢c
350 ppm AsA 22.1b 44.3b
550 ppm AsA 26.6 a 473 a
Cultivars (C)

Del 1135 R2 239b 43.8b
Collins 20.6d 452 a
BTS 7245 R1 224¢ 43.8b
Aseel 24.1a 419¢c
Interactions

ASA* FC **k*%k *k*k

C * FC **k*%k *k*k

C * ASA **k*%k **k*%k

C * ASA* FC **k*%k **k*%k
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B- Harvest

Root characters

Results in Table (3) cleared that cultivars
differences, concentrations of ascorbic acid and
water stress regime have significant effects on all
studied root characters (diameter, fresh and dry
weights) of sugar beet plants, except root length for
cultivars differences.

Del 1135 R2 cultivar recorded the highest and
lowest values for root diameter (30.7 cm) and root
length (17.2 cm), respectively. Meanwhile, BTS
7245 R1 cultivar recorded the highest values for
root length (19.2 cm) and root fresh weight (603.1
g/plant and 19.9 ton/fad). Meanwhile, Aseel
cultivar recorded the maximum root dry weight
(157.9 glplant and 5.2 t/fad). The differences
between cultivars in root characters might be due to
their genetic makeup (Islam et al., 2020). Also,
data in Table (3) showed that increasing
concentration of ascorbic acid from 0.0 ppm up to
550 ppm in the foliar spray treatments gradually

and significantly increased root diameter, root
length, root fresh weight and root dry weight. AsA
at 550 ppm gave the highest values in root
characters compared with 0 ppm and 350 ppm
(Table 3). These results are in harmony with many
studies (Kotb, 2014; Abdel Fatah and Sadek,
2020; Islam et al., 2022; Alavilli et al., 2023 and
Sultan et al., 2023).

Our results in Table (3) indicated that more water
regime stress expressed as 50% FC or 75% FC
significantly decreased the studied root characters
comparing with control treatment 100 FC%.
Interaction between (AsA* FC) was high
significant with all root characters. Meanwhile, the
other interactions of (C * FC), (C * AsA) and (C *
AsA* FC) were high significant in root characters,
except root length. These results are confirmed with
many studies (Kotb and Elhamahmy, 2013;
Gongalves et al., 2022; Hannachi et al., 2023;
Kang et al., 2023; Mishra et al., 2023 and Tan et
al., 2023).

Table 3. Mean performance of sugar beet cultivars for root characters under drought stress
using ascorbic acid with different concentrations.

Treatment Root Root Root fresh Root fresh Root dry Root dry
diameter length weight weight (t/fad) weight weight
(cm) (cm) (g/plant) (g/plant) (t/fad)
Field capacity (FC)
100% FC 331a 20.1a 719.8a 23.75a 176.5a 5.82a
75% FC 26.75b 18.3Db 485.1b 16.01b 1245hb 4.11b
50% FC 235¢c 16.3¢ 371.6c¢c 12.26 c 79.6 C 2.63c
Ascorbic Acid (AsA)
0 ppm AsA 218¢c 15.7¢ 325.5¢ 10.74 c 704 c 23¢
350 ppm AsA 276D 18.2b 525.9b 17.35b 127.8b 422D
550 ppm AsA  339a 20.8 a 7254 a 23.94a 182.4a 6.02 a
Cultivars (C)
Del 1135 R2 30.7a 17.2a 492.1¢ 16.24c 104.8d 3.46d
Collins 25.3d 18.7a 447.94d 14.78 d 110.1c 3.63¢c
BTS7245R1  275b 19.2a 603.1a 199a 134.7b 445D
Aseel 274 c 17.8a 558.9 b 18.44 b 1579a 52a
Interactions
ASA* FC *kx *k*k *k*k **kx **kx *k*k
C * FC *kx ns *k*k *kxk *kxk *k%k
C * ASA *kx ns *k*k *kxk *kx *kxk
C * ASA* FC *kx ns *k*k *kxk *kx *k*k

Shoot characters

Results in Table (4) showed that cultivars
differences, concentrations of ascorbic acid and
water stress regime have significant effects on the
studied shoot characters (shoot fresh and shoot dry
weights) of sugar beet plants.

BTS 7245 R1 cultivar recorded the highest values
for shoot fresh weights (404.2 g/plant and 13.3 ton
[fad) and shoot dry weights (70.4 g/plant and 2.3
ton /fad). The differences between cultivars are due
to their differences in genetic makeup (Azab et al.,
2017 and Islam et al., 2020).

Data in Table (4) explained that increasing
concentration of ascorbic acid from 0.0 ppm up to
550 ppm in the foliar spray treatments gradually
and significantly increased shoot fresh and dry
weights. AsA at 550 ppm gave the highest values in
shoot characters compared with 0 ppm and 350
ppm. These results are in agreement with those
found by Abo-Marzoka et al., (2016) and Qasim
et al. (2019); Islam et al., 2022; Alavilli et al.,
2023 and Sultan et al., 2023.

Results in Table (4) presented that more water
regime stress expressed as 50% FC or 75% FC
significantly decreased the studied shoot characters
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comparing with control treatment 100%FC. The
same results were obtained by Noman et al., (2015)
and Islam et al. (2020).

Interactions between (AsA* FC), (C * FC), (C *
AsA) and (C * AsA* FC) were high significant

with shoot characters. These results are confirmed
with many studies (Kotb and Elhamahmy, 2013;
Gongalves et al., 2022; Hannachi et al., 2023;
Kang et al., 2023; Mishra et al., 2023 and Tan et
al., 2023).

Table 4. Mean performance of sugar beet cultivars for shoot fresh and dry weights (g/plant), shoot fresh
and dry weights (ton/fad) under drought stress using different concentrations of ascorbic acid.

Treatment Shoot fresh weight Shoot fresh weight Shoot dry weight Shoot dry weight
(g/plant) (ton/fad) (g/plant) (ton/fad)

Field capacity (FC)

100% FC 426.8a 14.1a 66.8 a 22a

75% FC 266.3 b 8.8b 50.5b 1.7b

50% FC 199.9¢ 6.6 ¢ 40.8 ¢ 13¢

Ascorbic Acid (AsA)

0 ppm AsA 1905¢ 6.3¢c 38.2¢ 13c

350 ppm AsA 298.6 b 99b 52b 1.7b

550 ppm AsA 404 a 13.3a 67.8 a 2.2

Cultivars (C)

Del 1135 R2 2423 ¢ 7.99c 46.3 ¢ 15¢

Collins 196.2 d 6.5d 37.7d 1.2d

BTS 7245 R1 404.2 a 13.3a 704 a 23a

Aseel 348 b 115b 56.2 b 19b

Interactions

ASA* FC *kx **k*k **k%k **k*k

C * FC *kx *k*k **k*k *k*k

C * ASA *kx **k*k **k%k *k*k

C * ASA* FC *kx **k*k **k*k **k*k

Sucrose content and sugar yield

Our data in Table (5) exhibited that Collins cultivar
had the highest mean value for Sucrose content %
(23.8%). Meanwhile, BTS 7245 R1 cultivar had
the highest mean value for Sugar yield (ton/fad)
(4.6 ton/fad). In addition, AsA at 550 ppm gave the
highest values from sucrose content (24.2 %) and
sugar vyield (5.8 ton sugar/fad). Significant

increases were found in sucrose content
accompanied with increasing water  stress.
Interactions between (AsA* FC), (C * FC), (C *
AsA) and (C * AsA* FC) were high significant.
These results are confirmed many studies (Abdel
Fatah and Sadek, 2020; Islam et al., 2020;
Gongalves et al., 2022 and Sultan et al., 2023).

Table 5. Mean performance of sugar beet cultivars for sucrose content and sugar productivity under
drought stress using different concentrations of ascorbic acid.

Treatment Sucrose content (%) Sugar productivity (ton/fad)
Field capacity (FC)

100% FC 20.0c 4.75a
75% FC 22.9h 3.67b
50% FC 25.8a 3.16¢
Ascorbic Acid (AsA)

0 ppm AsA 214c 23¢c
350 ppm AsA 23.2b 4.02b
550 ppm AsA 24.2 a 5.8a
Cultivars (C)

Del 1135 R2 22.2d 36¢C
Collins 23.8a 35d
BTS 7245 R1 224c 46a
Aseel 23.2b 4.3b
Interactions

ASA* FC *k*k *k*k
C * FC *k*k *k*k
C * ASA *k*k *k*k
C * ASA* FC *k*k *kx
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Genetic variability

Results of genetic variation of the studied
characters are illustrated in Table (4). The
magnitude of the phenotypic coefficient of
variation (PCV) values for all traits was higher than
the corresponding GCV values, indicating that
these traits may be influenced by environmental
factors (Mesfin et al., 2019 and Tadele et al.,
2021). Phenotypic coefficients of variability ranged
from 12.8 to 225.34% and the highest PCV attained
from shoot fresh weight and the lowest from
sucrose content. Genotypic coefficient of variation
also had similar trend as phenotypic coefficient of
variation. The broad sense heritability was high for

all the recorded characters, except for root
diameter. For effective selection we cannot only
believe on heritability, the combination of high
heritability with high genetic advance will deliver a
clear base on the reliability of that particular
character in the selection of variable appearances.
The genetic advance as percentage of means (GA)
for characters ranged from 19.76 to 443.24 % and
the highest GA obtained from shoot fresh weight
and the lowest from root diameter. In the breeding
program, high range of heritability, variability, and
genetic improvement among characters could be an
excellent tool for improving or selection genotype
(Akbar et al., 2003 and Alavilli et al., 2023).

Table 4. Estimation of variance components phenotypic (PCV) (%) and genotypic (GCV) (%) coefficients
of variation, broad sense heritability (h2) (%) and genetic advance (GA) (%) for each trait.

Traits PCV (%) GCV (%) GA (%) h2 (%)
Root diameter (cm) 24.24 15.25 19.76 39.57
Root length (cm) 14.74 1411 27.83 91.62
Root fresh weight (g/plant) 39.38 36.58 69.99 86.27
Root dry weight (g/plant) 57.8 55.83 1111 93.32
Shoot fresh weight (g/plant) 225.34 220.20 443.24 95.48
Shoot dry weight (g/plant) 80.1 77.58 154.8 93.83
Number of leaves/plant 21.61 19.3 35.5 79.74
Sucrose content (%) 12.8 11.8 22.3 84.4

Tolerance indices

Data in Table (5) showed that yield decreased
about 32.6% to 48.4% when plants exposed to 75
and 50% FC, respectively. The cultivar Aseel with
treatment 550 ppm AsA gave the highest yield of
root fresh under the three water regimes (1178
g/plant forl00 %FC, 725 g/plant for 75% FC and
721 gl/plant for 50% FC). The values of geometric
mean productivity (GMP) ranged from 881.61
g/plant to 247.99 g/plan. The cultivar Aseel with
treatment 550 ppm AsA recorded the highest value
for geometric mean  productivity (GMP)
(881.61g/plant). Mean productivity (MP) ranged
between 899.5 g/plant to 252.5 g/plant. Also, the
cultivar Aseel with treatment 550 ppm AsA
recorded the maximum value for mean productivity
(MP) (899.5 g/plant).

Tolerance (TOL) index ranged between 95 and 747.
The lower and the mild values of TOL are the most
stress tolerance. Yield Stability index (YSI) ranged
from 0.31 - 0.75 and the highest values indicate
high stress tolerance. Besides mean productivity

(MP), geometric mean productivity (GMP) and the
yield stability offered similar ranking pattern as in
drought susceptibility index (DSI). Drought
susceptibility index (DSI) has been used to
characterize relative drought tolerance of
treatments. Low drought susceptibility index (S <
1) is synonymous with higher stress tolerance. The
DSI ranged from 0.52-1.42. The cultivar Collins
with treatment 550 ppm AsA gave low value (0.52)
for drought susceptibility index (DSI) under the
three water regimes. The determination of
traditional yield indices, e.g. MP, GMP, TOL, YSI
and DSI measurements, is helpful in the screening
of drought tolerance (Jones, 2007). Generally, the
former indices indicated that treating the cultivars
Aseel and Collins with treatment 550 ppm AsA
gave the highest yield gave the most tolerant
treatments. Results were in harmony with Bayoumi
et al., (2015); Azab et al., 2017; Khatab et al.,
(2019); Memari et al.,, (2021) and Abd EL-
Mageed et al., (2022) who stated MP, GMP, TOL,
YSI and DSI indices had the most preferable
selection criteria for screening drought-tolerant
genotypes and high-yielding.

Env. Biodiv. Soil Security, Vol. 8 (2024)



34

SOAD A. MAHMOUD, et al.,

30

25 p b
xR =
- = =
£ 20 = =
Q = =
= = =
c = =
© 15 = =
© = =
Q = =
(7] = =
O 10 = =
] = =
o = =
2 = =
@ s = =
0 = = = @ =
100% 75% FC 50% FC 0 ppm Del Collins BTS Aseel

FC ppm ppm 1135R2 7245R1

Fig 1: Means performance of sugar beet cultivars for sucrose content under drought stress
using different concentrations of ascorbic acid
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Fig 2: Means performance of sugar beet cultivars for sugar produchvity under drought
stress using different concentrations of ascorbic acid.

Results in Table (6) exhibited that the indices MP
and GMP were very similar to the selection based
on Yis and Ys. This was confirmed by positive and
highly correlations between Yis and MP (r = 0.90)
and GMP (r = 0.91) and the correlation between Y's
and MP (r = 0.92) and GMP (r = 0.96). MP is the
mean production under both stress and non-stress
conditions, and it was highly correlated with yield
under both conditions. Therefore, MP can be used
to recognize treatments in the tolerant group.
Whereas, there was negative correlation between

Env. Biodiv. Soil Security, Vol. 8 (2024)

drought susceptibility index (DSI) and the other
0.60). Thus,
these indices were able to recognize superior
treatments under drought stress. GMP, MP , YSI
and DSI were associated with yield under stress

tolerance indices, except TOL (r =

conditions, suggesting that these factors are suitable
for selecting drought tolerant and high vyielding
treatments in drought stress conditions (Bayoumi
et al., 2015; Azab et al., 2017 and Mohamed et
al., 2022).
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Table 6. Simple correlation of root fresh weight per plant in 100% FC (Yp), 75% FC (YIS) and stressed
50% FC (Ys) conditions with mean productivity (MP), geometric mean productivity (GMP),
tolerance index (TOL), yield stability index (YSI) and drought susceptibility index (DSI).

Variable Yp Yis Ys MP GMP TOL YSI DSl

Yp 1.00 0.85** 0.80** 0.97** 0.93** 0.80** -0.04 0.04

Yis 1.00 0.87** 0.90** 0.91** 0.48 0.23 -0.23
Ys 1.00 0.92** 0.96** 0.27 0.53 -0.53
MP 1.00 0.99** 0.62* 0.19 -0.19
GMP 1.00 0.53 0.29 -0.29
TOL 1.00 -0.60* 0.60*
YSI 1.00 -1.00
DSl 1.00

Conclusion

It was determined that drought stress can seriously
inhibit sugar beet growth but ascorbic acid might be
improving this side effect of this stress. There are
many physiological and agronomical responses are
reflected the effect of both drought and ascorbic acid
(AsA) and show how AsA can be used to improve
the growth and productivity of sugar beet. In our
experiment, Application of AsA with 550 ppm has
enhanced growth performance and production
parameters and this reflected on tolerance indices.
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