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Abstract

Sugar beet has a high yield potential, but various stresses, including cold, reduce its yield
worldwide. To investigate the cold tolerance of common sugar beet cultivars in the maturity
stage, an experiment was carried out at Yasouj University in 2020. In this research, ten sugar
beet cultivars (Karaji, SBSI-005, Shirin, Rastad, Anakonda, Dorotea, Merac, Antik, Zarghan,
and Persia.) were exposed to four temperature levels, including (0, 5, 10, and 25 (control) °C) at
maturity stage. The experiment was performed at each temperature level based on a completely
randomized design with three repetitions. The results of the analysis of variance showed that the
effect of temperature for all measured traits, the effect of genotype for all characteristics except
root diameter, electrolyte leakage, and Fv/Fm, and the interaction of temperature and genotype
for all measured traits except electrolyte leakage were significant. Therefore, the cultivars
studied responded differently to the different temperature levels studied. The highest reduction
of the characteristics at 0°C compared to the control (25°C) was related to the shoot dry weight
by 55%, and the highest increase was related to the leaf proline content by 58%. Sugar weight
had a positive and significant genetic correlation with the traits of root weight, soluble sugar,
sugar content, and shoot dry weight. At the same time, it showed a negative correlation with the
root length and SPAD number traits. The three-dimensional scatter plot identified Persia and
Antic cultivars as more tolerant to cold stress than other cultivars. The results of this study
provide valuable information to sugar beet breeders to improve cold tolerance.
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Introduction

Sugar beet (Beta vulgaris L.) is one of the twelve main plants that provide food for the world's people. Sugar
beet has a high yield potential, but various stresses, including cold, reduce its yield worldwide. Cold is one of
the most important abiotic stresses that limit plant growth, production, and geographical distribution. The
cold at the end of the growing season reduces the yield of sugar beet and has a negative effect on its quality.
Therefore, it is of great theoretical and practical importance to explore the mechanism of cold tolerance and
to improve it in susceptible sugar beet genotypes. Most of the previous studies have been conducted
regarding the effect of cold stress on physiological aspects of sugar beet traits at the seedling stage. Our
previous study studied the effect of cold stress on morpho-physiological traits of ten common sugar beet
cultivars. There is little information about the genetic aspects of cold tolerance of common sugar beet
cultivars at the maturity stage in Iran. This research investigated the genetic response of sugar beet cultivars
to cold stress and the genetic relationships between their important traits in cold stress conditions at the
maturity stage.

Materials and Methods

To study the cold tolerance of common sugar beet cultivars in the maturity stage, an experiment was carried
out at Yasouj University in 2020. In this research, ten sugar beet cultivars (Karaji, SBSI-005, Shirin, Rastad,
Anakonda, Dorotea, Merac, Antik, Zarghan, and Persia.) were exposed to four temperature levels, including
(0, 5, 10, and 25 (control) °C) at maturity stage. The experiment was performed at each temperature level
based on a completely randomized design with three repetitions. Ten days after the cold treatment
application, important morpho-physiological traits, including crown height, plant height, shoot dry weight,
root diameter, root length, root weight, proline content, soluble sugar, SPAD value, electrolyte leakage,
FV/FM ratio, sugar content, and sugar weight were measured. Combined variance analysis was performed,
and environmental, genotypic, and phenotypic variances were calculated. Genotypic and phenotypic
coefficients of variation and broad-sense heritability were calculated. The Pearson correlation coefficient
between the measured traits was calculated, and the relationships among variables were interpreted. Factor
analysis was done, and the most important first components were interpreted. The three-dimensional scatter
plot of the distribution of genotypes was drawn based on the first three factor scores. Genotypes were
classified according to their response to cold stress.

Results and Discussion

The results of the combined analysis of variance showed that the effect of temperature for all measured traits,
the effect of genotype for all characteristics except root diameter, electrolyte leakage, and Fv/Fm, and the
interaction of temperature and genotype for all measured traits except electrolyte leakage were significant.
The highest reduction of the characteristics at 0°C compared to the control (25°C) was related to the shoot
dry weight by 55%, and the highest increase was related to the leaf proline content by 58%. Broad-sense
heritability of root diameter, electrolyte leakage, and Fv/Fm was over 50%, indicating less effect of
environmental factors. Proline content and total soluble sugar had a maximum genetic coefficient of
variation. In contrast, sugar weight had a positive and significant genetic correlation with the traits of root
weight, soluble sugar, sugar content, and shoot dry weight. At the same time, it showed a negative
correlation with the root length and SPAD number traits. So, these traits can be used in indirect selection to
improve sugar weight. Factors analysis in cold conditions identified the first two factors related to cold
tolerance and the third factor related to cold sensitivity. The three-dimensional scatter plot identified Persia
and Antic cultivars as more tolerant to cold stress than other cultivars. The results of this study provide
valuable information to sugar beet breeders to improve cold tolerance.

Conclusion

Based on the results of this research, high genetic diversity was observed for traits related to cold tolerance
in sugar beet. In addition, genetic relationships among important sugar beet traits in cold conditions show
that some characteristics can be used in indirect selection to improve cold tolerance in sugar beet. Some
traits had more than 50% heritability, which can be considered in sugar beet breeding programs. There was
a relationship between cold tolerance in the vegetative stage and the maturity stage. Therefore, it is
possible to improve cold tolerance in the early stages of growth.
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Table 1. Mean squares of the source of variation for the measured traits at the maturity stage of sugar beet

Source of variation

Df

Root weight

Sugar

Crown height Plant height Shoot dry weight Root diameter Root length - Sugar weight
Temperature (T) 3 420" 1440.3* 1100.29* 10.16™ 83.90™ 173617.6™* 43 38" 1051
Errorl 8 0.11 5.6 280.21 0.85 7.47 1455.9 2.69 2813
Cultivar (C) 9 0.63" 492" 48.22" 0.57™ 23.63%* 24705.3% 5 gqnx 613.0°
TxC 27 0.50" 27.4" 32.70° 197" 13.88" 20427.0%% 3 75% 572.0"
Error2 72 0.26 15.9 17.87 0.74 8.38 10684.15 191 205.2
Coefﬁc‘ez‘é%‘c)va“an"“ 24.49 11.27 22.44 11.69 48.16 24.77 10.01 25.19
Stress intensity (SI) 0.15 0.36 0.55 0.17 0.09 0.34 0.17 0.20
Table 1. Continued
Source of variation Df Proline Soluble sugar SPAD Electrolyte leakage Fv/Fu
Temperature (T) 3 148.8" 1134.1" 1001.86™ 5908.9™ 0.004™
Errorl 1.28 20.99 16.39 78.48 0.0002
Cultivar(C) 9 6.30™ 207.3" 43.94* 128.23" 0.0001™
TxC 27 8.76™ 217.2" 44.47" 118.4" 0.0002"
Error2 7 1.23 56 17.66 113.08 0.00009
Coefficient of variation (CV) 21.66 23.87 7.21 17.02 1.13
Stress intensity (SI) 0.58 0.37 0.20 0.40 0.01

..c.u@;;u.;buup&,@C}bp)u@,)u@ﬁa%;@H,m"s
" * and ** indicated not significant and significant at 5 and 1% probability levels, respectively.
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Table 2. Average, genetic, and phenotypic variation coefficients of the measured traits under cold stress (0°C) and non-cold-
stress (25 °C) conditions.

Phenotypic coefficient of Genetic coefficient of

variation variation Average

Traits 0°C 25°C 0°C 25°C 0°C 25°C Heritability
Crown height (cm) 22.03 30.06 14.20 13.70 1.67 1.98 34.92
Plant height (cm) 13.39 7.80 8.70 3.90 25.30 40.20 13.51
Shoot dry weight (g/per 25.40 23.01 11.03 19.50 12.09 26.82 31.24

plant)

Root diameter (cm) 6.10 9.30 2.20 6.50 6.75 8.15 56.48
Root length (cm) 11.08 11.80 1.40 6.80 18.72 20.40 48.16
Root weight (gr/per plant) 12.19 21.30 4.10 10.80 320.00 490.40 19.00
Sugar content (%) 12.05 9.96 8.04 5.70 15.22 12.55 35.29
Sugar weight (gr/per plant) 17.26 22.30 9.01 13.40 48.77 61.40 47.19
Proline (mg/g) 29.34 54.02 27.10 47.07 8.19 3.45 17.21
Soluble sugar (mg/g) 25.40 17.70 26.82 10.60 36.50 22.94 40.94
SPAD 7.50 6.68 3.20 4.20 65.23 52.00 13.82
Electrolyte leakage (%) 12.89 17.66 5.90 10.10 70.70 43.09 52.64
Fv/Fu 0.46 1.16 0.10 0.80 0.86 0.86 50.00
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Figure 1. Scater three-dimensional plot of sugar beet genotypes based on the first three factors. Numbers show genotypes as: 1.
Karaji, 2. SBSI- 005, 3. Shirin, 4. Rastad, 5. Anaconda, 6. Drothy, 7. Merac, 8. Antic, 9. Zarghan and 10. Persia.
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Table 3. Load of rotated factors by varimax method, component and cumulative variances for the first fourth factors related to the
measured traits on sugar beet at cold stress (0°C) conditions.

First Third Fourth .
factor Second factor factor  factor Communality
Crown height (cm) -0.83 -0.07 0.09 0.05 0.759
Plant height (cm) 0.74 0.24 0.02 -0.20 0.744
Shoot dry weight (g/per plant) 0.87 -0.02 0.21 0.05 0.865
Root diameter(cm) 0.31 -0.67 -0.38  -0.14 0.847
STI root weight 0.17 0.87 -0.20  -0.07 0.927
Sugar content (%) -0.19 -0.05 022  0.86 0.876
STI sugar weight 0.25 0.85 -0.27  -0.03 0.918
Soluble sugar (mg/g) 0.13 -0.23 0.86 0.14 0.879
SPAD 0.05 0.07 0.11 0.03 0.916
Electrolyte leakage (%) -0.57 -0.08 041  -0.58 0.90
Fv/Fu -0.17 -0.17 -0.06  -0.22 0.93
Component variance 29.17 18.18 13.82 10.87
Cumulative variance 29.17 47.28 61.10 71.97
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