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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) is the world’s second most
important source of sucrose and plays a vital role in food
security and agricultural economics. However, its
production is constrained by several factors, among
which drought stress caused by water deficit is one of
the most important. Water scarcity induces
physiological responses such as stomatal closure and
reduced photosynthetic activity, ultimately leading to a
substantial reductions in root yield. Given the increasing
temperatures and declining water resources in sugar beet
growing regions, effective management and breeding
strategies are essential to mitigate the adverse effects of
drought. One promising approach is the development
and cultivation of drought-tolerant cultivars and hybrids
that maintain high water-use efficiency and satisfactory
economic performance under limited irrigation.
Therefore, this study aimed to identify promising sugar
beet hybrids using the Stress Tolerance Index (STI) and
cluster analysis to select hybrids with superior sugar
yield and water use efficiency under both normal and
water-deficit ¢ conditions.

Materials and Methods

The experiment was conducted over two growing
seasons (2016 and 2017) at the Sugar Beet Research
Station in Karaj, Iran, affiliated with the Sugar Beet
Seed Institute. The experiment was arranged as a split-
plot based on a randomized complete block design with
four replications. Irrigation regime was assigned to the
main plots at two levels: normal irrigation (after 90 mm
evaporation from a class A pan) and restricted irrigation

(after 180 mm evaporation). In the first year, the
subplots consisted of 57 experimental test-cross hybrids
and seven commercial check cultivars. Based on the
highest ST1 values obtained in the first year, 16 superior
hybrids were selected and evaluated in the second year
together with four superior check cultivars. Measured
traits included root yield, sugar content, sugar yield, root
impurities (Na*, K*, and a-amino nitrogen), and
irrigation water use efficiency (IWUE). In the second
year, total chlorophyll and carotenoid contents were also
determined. The Stress Tolerance Index (STI) was
calculated according to the method proposed by
Fernandez, and cluster analysis was performed to
classify the genotypes according to drought tolerance.
Data analysis was carried out using SAS and Minitab
statistical software.

Results and Discussion

Water deficit stress significantly reduced root yield,
with average reductions of 41% in the first year and 20%
in the second year. The greater reduction observed
during the first year was likely associated with the
genetic diversity of the tested hybrids and the
occurrence of unfavorable environmental conditions
including pest and disease pressure. Among the
evaluated hybrids, (7112KWS) S1-100 and (7112KWS)
S1-70 showed competitive root yields of 70.84 t ha™!
and 69.71 t ha™, respectively comparable to those of the
check cultivars. The main effect of genotype was highly
significant (P < 0.01) for all major traits, including root
yield, sugar content, and sugar yield. Sugar content
increased under water-deficit conditions compared with
normal irrigation by approximately 20% in the first year
and 6% in the second year, although this increase was
statistically significant only in the first year. This
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response may be attributed to reduced root diameter and
enhanced sugar accumulation within storage tissues. A
significant irrigation x genotype interaction for sugar
content was detected only during the first year,
indicating differences among genotypes in their
responses to irrigation regimes. Sugar yield was
significantly affected by both irrigation treatment and
genotype (P < 0.01) in both years, whereas their
interaction was not significant. Under restricted
irrigation, sugar yield decreased by 29% in the first year
and 15% in the second year. In the second year, the
check cultivars Mandarin (10.88 t ha™) and IR7 (9.49 t
ha™) produced the highest sugar yields, whereas hybrid
(7112KWS) S1-03 recorded the lowest value (6.70 t
ha™'). Among the experimental hybrids, (7112KWS) S1-
100 achieved the highest sugar yield (9.38 t ha™). The
irrigation x genotype interaction was not significant for
root yield and sugar yield, indicating relatively
consistent genotype responses across irrigation regimes
for these traits. However, significant interactions were
observed for sodium and potassium concentrations in
the first year. Under water-deficit conditions, root
sodium concentration decreased by 27%, whereas
potassium concentration increased by 3%, suggesting
osmotic adjustment as an adaptive response to drought
stress. Irrigation water use efficiency increased by an
average of 22% under restricted irrigation across the two
years, reflecting improved water productivity under
limited water supply. During the second year, Mandarin
(1.06 kg m™3) and Paya (0.93 kg m™) exhibited the
highest IWUE values, whereas hybrid (7112KWS) S1-
03 showed the lowest value (0.65 kg m). Among the
experimental hybrids, (7112KWS) S1-100 (0.90 kg m™3)
and (7112KWS) S1-70 (0.82 kg m™) exhibited high
IWUE values comparable to those of the superior check
cultivars. The approximately 35% reduction in irrigation
water applied under restricted irrigation contributed
substantially to the observed increase in IWUE. Based
on STI values in the second year, the check cultivars
Paya (1.40) and Mandarin (1.01) exhibited the greatest
drought tolerance, whereas Jolgeh (0.67) had the lowest
STl among the checks. Among the experimental
hybrids, (7112KWS) S1-100 (0.97) and (7112KWS) S1-
70 (0.96) recorded the highest STI values. Cluster
analysis based on root yield, sugar yield, and IWUE
classified hybrids into drought-tolerant and susceptible
groups. Notably, only hybrids (7112KWS) S1-100 and
(7112KWS) S1-70 were consistently classified as
drought tolerant in both years. Their STI values were
also higher than the overall mean, demonstrating strong
agreement between STI and cluster analysis as
complementary two selection methods. Furthermore,

Y-

these hybrids exhibited competitive root and sugar
yields relative to the superior commercial cultivars
Mandarin and Paya while maintaining high irrigation
water use efficiency (0.90 and 0.82 kg m?3,
respectively).

Conclusion

Results demonstrated that although water-deficit stress
substantially reduced root yield, combining the Stress
Tolerance Index with cluster analysis effectively
identified drought-tolerant sugar beet hybrids capable of
maintaining high irrigation water use efficiency and
acceptable sugar yield under limited irrigation. Among
the evaluated materials, hybrids (7112KWS) S1-100 and
(7112KWS) S1-70 consistently exhibited superior
agronomic performance, high drought tolerance, and
competitive productivity compared with commercial
cultivars. These hybrids represent promising genetic
resources for future breeding programs and for
cultivation in drought-prone environments. Therefore,
the combined application of STI and cluster analysis is
recommended as a reliable and effective strategy for
selecting superior sugar beet genotypes under water-
limited conditions.

Keywords: Irrigation water use efficiency, Sugar
content, Sugar yield, Water-deficit stress.
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Table 2 Analysis of variance (mean square) of the effects of irrigation and genotype on root yield, sugar
content, sugar yield, root impurities, and irrigation water use efficiency (IWUE) of sugar beet in 2016

YYao
il ye Gla
(Mean squares)
§ < Ao RS
e wllazyy a2 S X5 glgme = Al o2k el 039 . d)@l:f ’
Sov df Root yield Sugar content o=l . Na* K* N S
Sugar yield IWUE
Ssh
3 2064.57 25.43 48.41 0.75 10.34 49.67 0.79
Block
Lt
. ‘5’_"' 1 73867.74* 810.93** 583.41ns 338.61** 3.48ns 1.37ns 0.66ns
Irrigation (I)
) els
3 2861.34 0.45 61.52 0.80 2.83 28.50 0.93
Error 1
w9 63 298.64** 2.87** 6.42** 1.66** 0.77** 1.33ns 0.07**
Genotype (G)
i 53 5% o Lol Blaze gl
: y)(l‘)ﬁ(‘"e)&’ > 63 174.12ns 2.05* 3.14ns 2.95** 0.83** 1.77* 0.03ns
Uad
E 378 166.89 1.46 311 0.74 0.47 1.20 0.03
rror
0, - .
() Syt 27.77 8.79 28.44 16.74 12.02 22.84 28.60

Cv

iy o iy Lo g oo0 Wl ) (o)l dxe prdaw CuS 5 4 s e 3o &S b )3l )l me pé (glavcglis oima s NS
ns indicates non-significant differences, whereas *and** indicate significance at the 0.05 and 0.01 probability levels,

respectively.
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Table 3 Root yield, sugar content, sugar yield, and irrigation water use efficiency (IWUE), and stress
tolerance index (STI) of sugar beet hybrids and cultivars in 2016

adyy 5,Sles EERWI AL s Slee ol o Gyae Sl
Root yield Sugar content Sugar yield IWUE £
(tha) %) (t ha't) (kg M) Y
@l olle = sllas = sl O Cgllas O é’ %
Irrigation (1) Normal Stress Normal Stress Normal Stress Normal Stress &
58.52a 35.50b 12.48b 14.99a 7.27a 5.14a 0.582a 0.654 a

Hybrid (H)
(7112*KWS)*S1-28 41.75f-0 12.3 a-j 16.2 bc 5.72f-n 0.566 f-n 0.46
(7112*KWS)*S1-55 38.90 i-0 143a 15.8 c-h 5.69 f-n 0.568 f-n 0.43
(7112*KWS)*S1-49 52.36 a-h 113 g+ 149e-p 6.61 c-i 0.671 c-k 0.76
(7112*KWS)*S1-12 41.41f-0 11.8d-j 159 ¢c-g 5.34 h-n 0.510 j-o 0.39
(7112*KWS)*S1-48 48.18 c-m 11.7 e+ 14.8 e-p 6.20 c-k 0.631 c-k 0.65
(7112*KWS)*S1-45 43.07 f-0 11.4 g+ 14.1m-p 5.30 h-n 0.524 i-0 0.49
(7112*KWS)*S1-44 57.95 abc 12.5 a-j 14.6 h-p 7.65 a-c 0.760 a-d 0.92
(7112*KWS)*S1-39 46.16 c-m 12.7 a-i 15.2 c-0 6.17 c-k 0.605 c-m 0.57
(7112*KWS)*S1-21 50.55 a-i 12.6 a-j 15.0d-0 6.7 c-i 0.655 c-k 0.67
(7112*KWS)*S1-42 49.86 a-j 13.4 a-f 14.4j-p 6.96 a-h 0.704 c-h 0.71
(7112*KWS)*S1-77 48.05 c-m 11.6 e-j 15.0d-0 6.06 c-m 0.606 c-m 0.62
(7112*KWS)*S1-86 48.39 b-1 12.0 ¢+ 14.6 h-p 6.44 c-j 0.664 c-k 0.68
(7112*KWS)*S1-40 43.25 e-0 13.0a-h 149 e-p 5.83 d-m 0.571 f-n 0.50
(7112*KWS)*S1-38 37.82j-0 11.8d-j 14.6 h-p 4.85j-n 0.499 k-0 0.41
(7112*KWS)*S1-18 45.32 c-m 12.6 a-j 15.0 c-0 6.07 c-l 0.590 d-m 0.53
(7112*KWS)*S1-20 41.02 g-0 12.6 a-j 15.4 c-l 5.62 g-n 0.566 f-n 0.47
(7112*KWS)*S1-26 52.80 a-h 13.7 a-d 15.2 c-m 7.55 a-d 0.735 a-f 0.74
(7112*KWS)*S1-36 48.82 b-k 12.3 &+ 15.3¢c-m 6.4 c-j 0.616 c-I 0.58
(7112*KWS)*S1-46 44.50 d-n 10.8j 14.5j-p 5.34 h-n 0.528 i-0 0.51
(7112*KWS)*S1-69 45.59 c-m 11.7 d+ 13.7p 5.74 f-n 0.575 e-n 0.58
(7112*KWS)*S1-57 48.48 b-k 11.9 ¢+ 14.0 op 6.23 c-k 0.618 c-I 0.64
(7112*KWS)*S1-17 49.20 a-k 14.0 ab 15.3c-l 7.09 a-g 0.694 c-i 0.65
(7112*KWS)*S1-31 35.48 mno 106 j 14.6 h-p 4.33mn 0.448 I-0 0.36
(7112*KWS)*S1-02 36.63 k-0 13 a-h 15.5 c-k 5.08 i-n 0.513 j-0 0.38
(7112*KWS)*S1-05 53.62 a-g 13.3 a-g 14.5j-p 7.39 a-f 0.758 a-d 0.83
(7112*KWS)*S1-06 32.02 no 13.5a-f 142 1-p 4.36 I-n 0.410 n-o 0.25
(7112*KWS)*S1-94 42.34f-0 14.2a 15.8 c-h 6.27 c-k 0.615 c-I 0.48
(7112*KWS)*S1-93 46.32 c-m 12.3 &+ 144 j-p 6.03 c-m 0.576 e-n 0.53
(7112*KWS)*S1-56 31.050 13.0 a-h 14.5j-p 4.04n 0.389 0 0.24
(7112*KWS)*S1-08 49.41 a-j 12.7a-i 14.9e-p 6.65 c-i 0.670 c-k 0.68
(7112*KWS)*S1-22 45.46 c-m 12.2b-j 14.7g-p 5.96 c-m 0.598 d-m 0.57
(7112*KWS)*S1-77 45.25 c-m 11.5f-j 15.4c-1 5.71f-n 0.553 g-0 0.50
(7112*KWS)*S1-89 45.11 d-m 13.6a-e 14.9e-p 6.29 c-k 0.609 c-m 0.54
(7112*KWS)*S1-19 48.20 c-I 113 g+ 148 e-p 6.03 c-m 0.603 c-m 0.62
(7112*KWS)*S1-37 44.73 d-m 129 a-h 14.7g-p 6.07 c-m 0.576 e-n 0.48
(7112*KWS)*S1-32 43.43 e-0 12.6 a-j 14.5i-p 5.79 e-m 0.571 f-n 0.51
(7112*KWS)*S1-54 43.00 f-0 114 g+ 15.2 c-0 5.49 g-n 0.551 h-o 0.50
(7112*KWS)*S1-53 47.68 c-m 12.7 a-i 15.0d-o 6.43 c-j 0.638 c-k 0.62
(7112*KWS)*S1-92 49.88 a-j 11.9¢+j 14.6 h-p 6.44 c-j 0.656 c-k 0.71
(7112*KWS)*S1-66 51.13 a-i 12.1 b+ 14.0 n-p 6.52 c-j 0.645 c-k 0.71
(7112*KWS)*S1-10 45.88 c-m 12.7 a-i 15.2¢c-n 6.25 c-k 0.630 c-k 0.59
(7112*KWS)*S1-76 41.38 f-0 12.9 a-h 15.5 c-j 5.69 f-n 0.543 h-o 0.42
(7112*KWS)*S1-100 50.20 a-j 12.3 &+ 14.8 e-p 6.64 c-i 0.668 c-k 0.70
(7112*KWS)*S1-13 55.89 a-e 12.3 a-j 14.1 m-p 7.36 a-f 0.734 a-f 0.86
(7112*KWS)*S1-63 47.48 c-m 11.7 d+j 159 ¢c-g 6.07 c-I 0.580 e-n 0.52
(7112*KWS)*S1-90 43.79 d-n 12.3 a-j 15.3¢c-m 5.87 d-m 0.607 c-m 0.55
(7112*KWS)*S1-84 47.96 c-m 11.3 g+ 148 e-p 6.01c-m 0.604 c-m 0.63
(7112*KWS)*S1-61 45.82 c-m 12.7 a-i 14.6 h-p 6.18 c-k 0.615 c-I 0.58
(7112*KWS)*S1-15 46.30 c-m 12.4 a-j 159 c-g 6.63 c-i 0.695 c-i 0.63
(7112*KWS)*S1-04 53.80 a-f 11.1h+j 15.7 c-i 6.57 c-j 0.638 c-k 0.70
(7112*KWS)*S1-73 46.39 c-m 12.1 b+ 14.7 g-p 6.00 c-m 0.601 c-m 0.60
(7112*KWS)*S1-16 35.721-0 12.2 b+ 16.0 c-f 4.65 k-n 0.441 m-o 0.28
(7112*KWS)*S1-71 38.68 i-0 13.1a-h 14.7 f-p 5.33 h-n 0.544 h-o 0.43
(7112*KWS)*S1-70 56.43 a-d 12.6 a-j 14.0 op 7.36 a-f 0.729 b-f 0.87
(7112*KWS)*S1-03 40.62 h-0 14.1 ab 15.5 c-k 5.72 f-n 0.571 f-n 0.45
(7112*KWS)*S1-72 51.87 a-h 12.7 a-i 14.3k-p 6.86 c-h 0.678 c-j 0.73
(7112*KWS)*S1-88 44.50 d-n 12.7 a-i 144 j-p 5.96 c-m 0.596 d-m 0.55
SC (7112*SB36) 46.14 c-m 12.6 a-j 14.4j-p 6.06 c-m 0.590 d-m 0.58
Paya 51.66 -h 12.6 a-j 145j-p 6.92 b-h 0.725 b-g 0.78
IR7 51.63 a-h 135 a-f 16.2 b-d 7.54 a-d 0.773 a-c 0.76
Mandarin 60.91 ab 12.1b-j 175a 8.68a 0.903 a 1.05
Parental pop 47.09 c-m 12.4 a-j 16.0 c-e 6.25 c-k 0.610 c-m 0.55
Futura 50.41 a-j 13,5 a-f 17.3ab 7.49 a-e 0.746 a-e 0.68
Jolgeh 61.68 a 13.9 a-c 14.6 h-p 8.66 ab 0.879 ab 1.10

(P <0.05) 555 (gl o olis LSD 9051 3ub i oo Jlid oglito chgys b a8 oiulel Jolo ya g cygtw 315 polie
Values within each column and for each experimental factor followed by different letters, are significantly different
according to the LSD test at P < 0.05.
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Table 4 Root impurities (sodium, potassium, and nitrogen) of sugar beet hybrids and cultivars in 2016

e ey isr
Na* K* N
(mmol 100 g-1 root)
sk ollae o ol S ollae o
i Normal Stress Normal Stress Normal Stress
Irrigation (1) 5.96a 434b 5.67a 5.83a 475a 4.86a
S yd
Hybrid (H)
(7112*KWS)*S1-28 6.53 c-k 3.13n-r 5.7 a-k 5.57 g-n 4.68 a-j 5.52 a-g
(7112*KWS)*S1-55 475 p-r 3.48 k-r 6.05 a-i 5.56 g-n 5.96 a 3.77j-m
(7112*KWS)*S1-49 7.06 a-e 4.42 e-m 5.92 a-i 559 g-n 4.53 a-j 4.62 a-m
(7112*KWS)*S1-12 7.85a 2.99 o-r 5.38 f-k 6.09 a-l 4.49 a-j 4.59 a-m
(7112*KWS)*S1-48 7.83ab 3.97 h-p 4.82 j-k 6.16 a-j 3.84 h-j 4.69 a-m
(7112*KWS)*S1-45 7.45a-c 4.70 ¢+ 5.33 f-k 6.76 a-c 4.31 b-j 5.39 a-i
(7112*KWS)*S1-44 501 m-r 4.72 ¢+ 5.53 c-k 5.46 h-n 5.63 a-d 4.52 a-m
(7112*KWS)*S1-39 5.79e-q 4.38 e-m 5.68 b-k 5.67 g-m 5.39 a-g 4.11 g-m
(7112*KWS)*S1-21 6.15d-n 4.89 b-i 5.57 b-k 6.33 a-h 5.19 a-h 4.33e-m
(7112*KWS)*S1-42 6.25 c-m 4.4 e-m 5.56 c-k 5.68 f-m 4.67 a-j 4.64 a-m
(7112*KWS)*S1-77 5.37 jr 470 c-j 5.51 c-k 5.45 h-n 4.10 d-j 452 a-m
(7112*KWS)*S1-86 5.47 i-r 4.51d- 5.38 f-k 5.56 g-n 3.22j 5.25 a-k
(7112*KWS)*S1-40 6.85 a-h 2.80qr 5.60 b-k 5.44 h-n 5.21 a-h 3.83j-m
(7112*KWS)*S1-38 5.05m-r 5.18 a-e 6.54 ab 5.31i-n 5.70 a-c 3.46m
(7112*KWS)*S1-18 5.97 d-p 4.55 d-k 5.59 b-k 5.76 d-m 5.49 a-e 5.06 a-I
(7112*KWS)*S1-20 4.74 p-r 3.49 k-r 5.21 h-k 5.77 d-m 4.66 a-j 4.52 a-m
(7112*KWS)*S1-26 6.39 c-I 4.06 e-0 6.67 a 6.23 a-i 5.43 a-f 4.98 a-m
(7112*KWS)*S1-36 5.18 I-r 4.28 e-m 6.06 a-i 5.56 g-n 5.29 a-h 4.98 a-m
(7112*KWS)*S1-46 5.34 j-r 4.55 d-k 5.36 f-k 6.15 a-j 4.35 b-j 4.38 d-m
(7112*KWS)*S1-69 6d-p 6.07a 6.42 a-d 6.83 ab 5.04 a-i 5.44 a-h
(7112*KWS)*S1-57 6.03 d-o 5.56 a-d 6.02 a-i 6.69 a-d 5.38 a-h 5.50 a-h
(7112*KWS)*S1-17 4.84 o-r 4.76 b-i 5.59 b-k 6.29 a-h 5.66 a-c 5.83 a-f
(7112*KWS)*S1-31 5.57 h-r 3.92 h-q 5.59 b-k 5.88 b-m 3.86 g-j 5.17 a-l
(7112*KWS)*S1-02 6.97 a-g 3411-r 5.93 a-i 5.91 b-m 5.01 a-i 4.89 a-m
(7112*KWS)*S1-05 5.75 f-r 4.77 b-i 5.63 b-k 5.76 d-m 4.74 a-j 5.09 a-l
(7112*KWS)*S1-06 5.96 d-p 4.06 f-o 6.23 a-f 5.52 g-n 4.59 a-j 4.13 g-m
(7112*KWS)*S1-94 6.11d-0 3.93h-p 5.28 f-k 5.53g-n 4.46 a-j 4.60 a-m
(7112*KWS)*S1-93 5.78 f-r 5.85ab 5.84 a-i 6.33 a-h 4.59 a-j 4.68 a-m
(7112*KWS)*S1-56 5.71g-r 4.76 b-i 5.77 a-k 5.87 c-m 4.47 a-j 5.89 a-d
(7112*KWS)*S1-08 5.94e-p 3.94 h-p 5.61 b-k 5.72 e-m 5.27 a-h 459 a-m
(7112*KWS)*S1-22 6.82 a-h 4.48 d-1 5.43 e-k 5.28 -0 4.23 ¢ 5.96 ab
(7112*KWS)*S1-77 6.84 a-h 4.53 d-1 5.53 c-k 6.20 a-j 4.27 b-j 4.77 a-m
(7112*KWS)*S1-89 4,55 g-r 5.80 a-c 5.21 h-k 5.50 g-n 4.62 a-j 432 f-m
(7112*KWS)*S1-19 450r 4.53 d-1 5.51 c-k 6.02 a-m 4.61 a-j 5.25a-
(7112*KWS)*S1-37 6.26 c-m 4.40 e-m 6 a-i 6.91a 5.33 a-h 5.61a-g
(7112*KWS)*S1-32 5.96 d-p 457 d-k 5.46 d-k 6.66 a-e 411 d-j 5.52 a-g
(7112*KWS)*S1-54 5.95 e-p 3.92 h-p 6 a-i 5.16 m-o 4.80 a-i 4.96 a-m
(7112*KWS)*S1-53 7.24ad 5.09 a-g 5.61 b-k 5.62 g-m 4.92 a-i 5.50 a-h
(7112*KWS)*S1-92 6.37 c-l 4.18 e-n 5.89 a-i 5.53g-n 4.62 a-j 4.39 d-m
(7112*KWS)*S1-66 5.15I-r 5.14 a-f 5.21 h-k 6.63 a-f 4.39 b-j 4.98 a-m
(7112*KWS)*S1-10 5.26 k-r 4.98 a-h 4.80k 5.91 b-m 3.59ij 5.24 a-k
(7112*KWS)*S1-76 5.16 I-r 4.97 a-h 5.35 f-k 6.06 a-m 4.83 a-i 5.94 a-c
(7112*KWS)*S1-100 6.47 c-k 421e-n 6.13 a-h 5.99 a-m 5.52 a-e 5.47 a-h
(7112*KWS)*S1-13 6.28 c-m 5.70 a-c 5.79 a-j 5.51g-n 5.14 a-h 4.55 a-m
(7112*KWS)*S1-63 5.85e-p 3.31 m-r 5.94 a-i 5.81c-m 4.57 a-j 5.44 a-h
(7112*KWS)*S1-90 6.04 d-o 3.90 h-q 5.47 d-k 5.64 g-m 4.27 b-j 4.86 a-m
(7112*KWS)*S1-84 5.59 h-r 470 c-j 5.16 i-k 6.44 a-g 3.94fj 6.03a
(7112*KWS)*S1-61 6.56b-j 4.09 e-0 5.13i-k 5.65 g-m 475 a-j 3.72k-m
(7112*KWS)*S1-15 6.02 d-p 417 e-n 5.34 f-k 5.51g-n 4.47 a- 5.18 a-l
(7112*KWS)*S1-04 6.50 c-k 4.83 b-i 5.23 g-k 5.61g-m 3.94 f-j 3.67Im
(7112*KWS)*S1-73 6.83 a-h 3.82i-q 5.82 a-i 6 a-m 4.45 a-j 5.85a-e
(7112*KWS)*S1-16 7.03 a-f 3.86 h-q 5.70 a-k 6.29 a-h 4.06 e-j 5.79 a-f
(7112*KWS)*S1-71 5.71g-r 49p 5.46 d-k 5.74 d-m 4.39 b-j 461a-m
(7112*KWS)*S1-70 6.53 c-k 4.35e-m 6.19 a-g 6.27 a-h 5.77 a-c 4.99 a-l
(7112*KWS)*S1-03 474 pr 3.62j-r 6.45 a-C 6.16 a-j 5.04a-i 5.09 a-l
(7112*KWS)*S1-72 4.87 n-r 5.14 a-f 5.85 a-i 6.29 a-h 5.79 ab 5.61 a-g
(7112*KWS)*S1-88 5.28 k-r 4.85 b-i 5.65 b-k 6.11 a-k 5.26 a-h 4.70 a-m
SC (7112*SB36) 5.92e-p 4.36 e-m 5.41 f-k 5.19 k-0 4.83 a-i 5.23 a-k
Paya 5.60 h-r 3.90 h-q 6.41 a-e 5.80 d-m 4.92 a-i 4.42 c-m
IR7 6.22 c-m 4.14 e-n 5.15i-k 6.38 a-h 3.511j 3.87i-m
Mandarin 6.85 a-h 3.96 h-p 6.08 a-i 4360 5.05 a-i 4.50 b-m
Parental pop 6.71 a-i 2.89 p-r 5.71 a-k 5.18 k-0 4.45 a-j 4.25 g-m
Futura 5.53i-r 254r 5.71 a-k 4.64 no 5.25 a-h 3.91i-m
Jolgeh 5.131-r 4.73 ¢+ 5.90 a-i 5.11m -0 5.59 a-e 3.9h-m

(P <0.05) 55 6)ls ine 9lis LSD (y90j1 i g oo JLid coglito gy b a5 ool Jole y» g cygiw S35 polie

Values within each column and for each experimental factor followed by different letters, are significantly different
according to the LSD test at P < 0.05.
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Table 5 Analysis of variance (mean squares) for the effects of irrigation and genotype on root yield, sugar content,
sugar yield, root impurities, and irrigation water use efficiency (IWUE) in 2017

Slape (S0l
(Mean squares)
Sy it ol 42y iy 3Skas 18 (glgima oAb 18 5 Slos o2 ey OlsFs Sl ol Bz IS
SOV df Root yield Sugar content Sugar yield Na* K+ N IWUE
S
* 3 700.13 3.92 11.30 473 6.04 4.15 0.11
Block
LI
e 1 8057.08** 24.96ns 71.02** 4.29ns 6.50ns 6.04ns 1.83**
Irrigation (1)
s
' 3 127.77 4.27 0.22 0.63 3.61 2.59 0.008
Error 1
N 19 395.051%* 6.750%* 8.500%* 2.73%  184%% 115 0.07%*
Genotype (G)
Ry R 1 .\‘
”Z‘Sfé‘&““f 19 71.199ns 0.78ns 1.79ns 042ns  0.40ns  0.47ns 0.01ns
s
114 77.34 1.500 2.22 0.55 0.68 0.59 0.02
Error
) s gy
® g\”/ e - 13.80 9.47 18.16 17.05 15.82 27.52 18.13
Amd o Ui Ty /oY g o fo0 T (ols xe prlaw iy 4 i it e S Jlo 0 il I3 dmepué (slacglis simdyLis NS

ns indicates non-significant differences, whereas *and** indicate significance at the 0.05 and 0.01 probability levels,
respectively.

(IWUE) )Wl o Gran ohlS 5 o305 giel W g mslty quadas (lgims (palll aid 3 Slas B doyd iy 5,Shos & Jgia
Table 6 Root yield, sugar content, sugar yield, Na*, K* and a—amino N contents, and irrigation water use
efficiency (IWUE) of sugar beet hybrids and cultivars in 2017

A o i
ady) 3Skes W dop u‘:f:: e el S ‘ ::f’ ’
. Sugar . " +
Root yield content Sugar yield Na K N IWUE
(tha®) (%) (tha®) (mmol 100 g-* root) (Kg m®)
skl oolee 70.79 a 1254 a 8.88a 453a 5.02a 299a 0.69b
Normal
Irrigation o2 56.6 b 13.33a 755b 420a 5.42a 2602 091a
(0 Stress
Hybrid (H)
(7112*KWS)*S1-100 (1) 70.84 b 13.28 c-f 9.38 bc 4.66 b-d 5.03 c-e 2.80 a-d 0.90 b-d
(7112*KWS)*S1-13 (2) 60.45 d-g 12.34 d-h 7.46 d-f 5.17 a-c 5.20 b-e 2.92 a-c 0.72e-h
(7112*KWS)*S1-15 (3) 62.08 c-g 13.06 c-g 8.09 b-f 4.35de 4.95 de 2.77 ad 0.79 b-h
(7112*KWS)*S1-16 (4) 64.25 b-f 12.48 d-g 7.91 c-f 4.36 de 5.59 a-d 343a 0.77 d-h
(7112*KWS)*S1-18 (5) 60.03 d-g 13.02 ¢-g 7.80 d-f 4.28 d-f 5.10 b-e 2.72 a-d 0.76 d-h
(7112*KWS)*S1-28 (6) 63.51 b-f 13.83 bc 8.83 b-d 3.70 e-g 5.12 b-e 2.99 a-c 0.85 b-e
(7112*KWS)*S1-03 (7) 54.63 ¢ 12.31d-h 6.70 f 4.54 b-d 5.22 b-e 2.95a-c 0.65h
(7112*KWS)*S1-36 (8) 65.39 b-d 12.03 gh 7.78 d-f 471 b-d 454 ef 2.61 b-e 0.76 d-h
(7112*KWS)*S1-42 (9) 61.94 c-g 12.53 e-g 7.78 d-f 4.36 de 5.58 a-d 2.89 a-c 0.75e-h
(7112*KWS)*S1-44 (10) 53.85¢ 13.43 cd 7.24 ef 3.98 d-f 5.86 ab 3.24ab 0.69 f-h
(7112*KWS)*S1-66 (11) 65.86 b-d 12.63 c-g 8.31b-e 4.08 d-f 5.42 a-d 2.82 a-d 0.79 b-h
(7112*KWS)*S1-70 (12) 69.71 bc 12.17 f-h 8.51 b-e 5.19 ab 6.08 a 3.09 ab 0.82 b-f
(7112*KWS)*S1-71 (13) 56.21 e-g 12.83 ¢c-g 7.15 ef 4.07 d-f 5.02 c-e 2.30 cde 0.70 f-h
(7112*KWS)*S1-72 (14) 55.56 fg 12.21e-h 6.74 f 4.45 cd 5.39 a-d 3.07ab 0.67 gh
(7112*KWS)*S1-73 (15) 66.19 b-d 13.39c-e 8.84 b-d 4.40 de 5.09 b-e 3.15ab 0.86 b-e
(7112*KWS)*S1-08 (16) 64.54 b-e 12.68 c-g 8.23 b-e 4.33 d-f 4.98 de 2.81 a-d 0.81 b-g
IR7 (17) 65.00 b-d 14.70 ab 9.49 ab 3.61fg 5.81 a-c 2.13de 0.91 bc
Jolgeh (18) 58.19 d-g 13.37 c-f 7.88 d-f 4.51 b-d 5.47 a-d 2.97 abc 0.77 c-h
Mandarin (19) 71.69 b 15.18a 10.88a 2979 390f 185e 1.06 a
Paya (20) 83.93a 11.18 h 9.39 bc 5.64 a 5.09 b-e 2.48 b-e 0.93 ab

(P <0.05) 555 gl o olis LSD 9051 3ub i oo Jlid oglito cbygys b a8 aiulel Jolo ya g cygtw 315 polie

Values within each column and for each experimental factor followed by different letters, are significantly different
according to the LSD test at P < 0.05.



Voo Jseisle TIFY) (KWS*7112) *S1-16 6,20

b 5l g 29y yeSde (sladpen g pB)l I oS (ads) p )5
(5’ J9A>) il u-’?l-“’ by plo b d)bj

Qgiig 5 g JS by S (slgione

Hze Bl Gtaboil pgd Jlo > plesdsn Clio oy 5
b9 18" elgims  dioy> S Jloin pdans 3 i Xl
5 Jd9 )l 2590 3 AV Jgia) 392 3 sime 43959, 5 S
YL (T112*KWS) *S1-08 cogllae gyl bl 5>
b ) (5 G ps5 p eSSk YIVY) JS Uido)lS” lgioee
(5 0dg P25 2 P cshes YIA) IRT L (g)la gine oglis oS
(5 0is p)5 2 £35 e YY) (T112*KWS) *S1-73
dgdme (ol bl & bl
& (TL12KWS)*S1-72 4 Ll (7112*KWS)*S1-66
P » S ke YIFN 5 g 05 5 S ke YISN sy
S JedosS cn VL 5 Gjg p)5 m e S YIVE 9 5 s
ol S8t cov JS byl ST (A Jpae) azusly
o il el dgamme (oylol Lol wd )5 L3 o bl
Sy A5 il o) aBe Sy 4855
JIYS) 25550)lS Slgime o yim(T112¥KWS) *S1-73
S il oslbe lol b 0 1) (5 0jg 25 PS5k
(T112*KWS)  *S1-08 |  (oboime  olis
(7T112*KWS) *S1-16 (7112*KWS) *S1-15
(T112*KWS) *S1-66 .(7112*KWS) *S1-18
5 IR7 (7112*KWS) *$1-71 (7112*KWS) *S1-70
LU 8y edgdome 6l bl , 48 o, calts oy ylaile
Gglds 9 €85 5158 (5 g p)S 32 oS e +1OF) Jol 4 5
(7T112%KWS) 7112%KWS) *S1-36 pl5,) L 5 l5,sins
(7112%KWS) *S1- (7112*KWS) *S1-44 *S1-42
(A Jgie) caslys (7112%KWS) *S1-72, 66

iy S oIBL
ci 4 o)lol 5 5l gy Sl (oialesl cnl pod Jlo o
(8 Jgi2) 292 boisine o> @y g o Jleinl golaw
(i) p)5 Ve 3 Jooisdee YIAY) cnjlile (slasy yon
(TL12KWS) 5 (ats, p)5 Ve o yb 5 Jgosko YI51) IRT
gl g (adey p35 Ve 58 Jga e YIV) *S1-28
e lgime docigi plo b dunlie ) a6 b (s)bel
93 Jsoisko OIFF) Ll sl o3, 8 o, caizdls g yza8
(7112%KWS) *S1-70 (closspun 5 (4, p)5 Voo o
(TL12XKWS) 5 (adey p5 Vv 32 33 Jooske OV
s Slgies (ada) p)5 Vee 52 ) Jso Joe /1Y) *S1-13
(P Jgiz) il oy pes pl &y S (6 pdi

YIA4) cplile o8y by (Slgzme Sl ccud i (o &
(il (6 58 prliy (Slgiee Ay p)S Ve 2 3 e s
15 godlee ¥I0F) (7112*KWS) *S1-36 1, yuun L a5 51
593 S Sl bl glis (glol Jlas I (4 p )5 V0 s
$1+A) 6 5YL ol (lgio (7112*KWS) *S1-70

b o)l gl g culls (ad) p)5 Ve 2 5 Jooike
(7T112*KWS) *S1-44 (7112*KWS) *S1-16
(T112*KWS) *S1-66 (7112*KWS) *S1-42
S5 4y pY cuily aSly 4 IR7 (7T112*KWS) *S1-72
VAD) oyt ()josis Slyine (nyieS ouylle o8 ol
Sl ol polaidlsgs 4y (ady) p)5 Ve 52 50 Joai o
(71125KWS) *S1-36 (sl oot b s il 05,5 <o 5
(T112%KWS) 5 (ade) p5 Voo 32 3 Jgoiske YI7Y)
L owionen g (adsy p)5 Ve 58 53 Jga(shes V/V+) *S1-71
VAV LG g (adey p)5 Ve e 2 ) Jgoslen YIVY) IRT (05, 0
Oiarw Slgize 28)S )8 (A pyS Ve e 3 Jseie



Yy VEF/Y 0L/ ) A/ 35 i

WS Lo 3 438 is ol 13950, 5 JS o )lS Slio gy 9 )bl slalest 51 (Glerye (55lis) Guil)ly 4255 ¥ Sy
Table 7 Analysis of variance (mean squares) for the effects of irrigation and genotype on total chlorophyll
and carotenoid contents of sugar beet in 2017

Slaye (1S0ke
(Mean square)

Sl e &ljl 4 5 didoys 15658
sov df Total chlorophyll Carotenoid
Bfﬁl{k 2 0.02 0.0001

ocC
e 1 0.21ns 0.33*
Irrigation (1)
Y s
sl 2 0.21 0.004
Error 1
Gg)
19 0.58** 0.01*
Genotype (G)
gkl Jilie 51 19 0.73** 0.02%*
(*(G)
s 76 0.18 0.01
Error
TR
(%) Sy > R 17.99 37.72
CcVv

Amd o Gl 1y /o) g o/+0 Wl )0 ()l me prdaw iy st it WIMe oS b 0 ol > xopt (slacglis enimd i lis NS
ns indicates non-significant differences, whereas *and** indicate significance at the 0.05 and 0.01 probability levels, respectively.

WA o 53 a8 yaiie pB)l 5 oy e 45955)15 5 JS Lido IS lgie A Jgoar
Table 8 Total chlorophyll and carotenoid contents of sugar beet hybrids and cultivars in 2017

JSdis K 2 65 S
Total chlorophyll Carotenoid
(mg gfw™)
s sl B slbe g

Loue Irrigation (I) Normal Stress Normal Stress

Hybrid (H) 2.36a 2.44a 0.22b 0.33a
(7112*KWS)*S1-100(1) 2.13d-g 2.04 ef 0.18 d-f 0.22 ef
(7112*KWS)*S1-13(2) 1.69 fg 2.07 ef 0.08 f 0.34 b-f
(7112*KWS)*S1-15(3) 2.76 b-d 2.38 d-f 0.30a-e 0.34 b-f
(7112*KWS)*S1-16(4) 2.44 b-e 2.10 d-f 0.24 a-e 0.34 b-f
(7112*KWS)*S1-18(5) 2.16 d-g 1.99 ef 0.26 a-e 0.28 b-f
(7112*KWS)*S1-28(6) 2.21d-f 1.79f 0.19 c-f 0.24 d-f
(7112*KWS)*S1-03(7) 154¢g 2.30d-f 0.08 f 0.16 f
(7112*KWS)*S1-36(8) 2.34b-f 2.40 c-f 0.18 d-f 0.35a-¢
(7112*KWS)*S1-42(9) 2.15d-g 2.84 b-d 0.15 ef 0.39 a-e
(7112*KWS)*S1-44(10) 1.85 e-g 2.73b-e 0.20 b-f 0.41 a-d
(7112*KWS)*S1-66(11) 2.51 b-d 36la 0.21 a-f 0.44 a-c
(7112*KWS)*S1-70(12) 2.69 b-d 2.36 d-f 0.26 a-e 0.29 b-f
(7112*KWS)*S1-71(13) 2.56 b-d 2.33d-f 0.34 a-c 0.30 b-f
(7112*KWS)*S1-72(14) 2.13d-g 3.16a-c 0.15 ef 0.46 ab
(7112*KWS)*S1-73(15) 2.94ab 2.30 d-f 0.36a 0.27 c-f
(7112*KWS)*S1-08(16) 342a 191f 0.35ab 0.22 ef
IR7(17) 2.90 a-c 2.30d-f 0.33 a-d 0.33 b-f
Jolgeh(18) 2.32 b-f 2.42 c-f 0.18 d-f 0.34 b-e
Mandarin(19) 2.13d-g 2.28d-f 0.21 a-f 0.29 b-f
Paya(20) 2.25c-f 3.49 ab 0.19 c-f 0.53a

(P<0.05) w)ls (sl sino coglis LSD 901 5o ciges oo Sl coglizie gy b S silol Jole p gyt J51 poolia

Values within each column and for each experimental factor followed by different letters, are significantly different according to the
LSD test at P<0.05.
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Table 9 Stress tolerance index (STI) of sugar beet hybrids and cultivars evaluated in the first (2016) and
second (2017) years of the experiment
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Stress tolerance index (STI)
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Ly Year

Hybrid (H) 2016 2017
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(7112*KWS)*S1-73 (15) 0.60 0.86
(7112*KWS)*S1-08 (16) 0.68 0.83
IR7 (17) 0.76 0.82
Jolgeh (18) 1.10 0.67
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Paya (20) 0.78 1.40
Ghe 0.69 0.81

Average
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Figure 2 Cluster dendrograms of selected sugar beet hybrids and cultivars based on root yield, sugar yield, and irrigation water use
efficiency (IWUE) in the first (2016; a), and second (2017; b) years of the experiment. Hybrids or cultivars enclosed in solid or green
rectangles were classified into the tolerant cluster in both years; those enclosed in red or dotted rectangles were classified into the
sensitive cluster in both years; and the remaining hybrids or cultivars were grouped into different clusters across the two years
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