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Extended Abstract

Introduction

Autumn cultivation of sugar beet presents a viable
solution to mitigate water scarcity issues in sugar beet
production by leveraging its inherent advantages in
plant growth and water use during the autumn and
winter seasons. This cultivation method benefits from
the seasonal precipitation patterns thereby reducing
dependence on irrigation and contributing to water
conservation. However, a significant challenge in
autumn cultivation is the occurrence of bolting, where
the plant transitions from vegetative to reproductive
growth. Bolting negatively affects both the quantitative
and qualitative yield of sugar beet, posing a serious
threat to the economic feasibility of autumn cultivation.
Consequently, the identification and development of
bolting-resistant cultivars specifically adapted to
autumn cultivation is of paramount importance. This
study aims to evaluate the quantitative and qualitative
yields, bolting rates, and resistance to Cercospora leaf
spot disease of various sugar beet cultivars under
autumn cultivation conditions. The findings are
intended to support the selection of cultivars that can
maximize yield while minimizing the adverse effects of
bolting and Cercospora infection, ultimately enhancing
the sustainability and productivity of sugar beet
cultivation in water-limited regions.

Material and methods

The study utilized a set of 19 experimental sugar beet
hybrids, along with a control cultivar named Antek
which has been specifically developed for bolting
resistance. Field evaluations were conducted across two
provinces: Fars (Fasa) and Khuzestan (Dezful),
representing different environmental conditions. The
experimental design was a randomized complete block
design with four replications conducted over the 2023-
2024 growing season to minimize spatial variability.
Data collection included counting the number of
established plants before and after the frost period,
determining the number of bolted plants in early June,
and calculating the bolting percentage based on the total
number of plants. Due to the absence of bolting at the
Safiabad Agricultural Research Station in Dezful, this
evaluation was limited to the Fasa Research Farm. The
severity of leaf infection with Cercospora leaf spot
disease was recorded on a scale of 1-9 in Dezful. All
traits were examined for normality of distribution, and
non-normal data were estimated using statistical
methods. Variance analysis and mean comparison based
on Duncan's multiple range method were performed on
traits such as white sugar yield, root yield, sugar content,
white sugar content, sodium content, potassium content,
amino nitrogen content, extraction coefficient of sugar,
and molasses sugar percentage. Cluster analysis of
experimental genotypes in terms of disease severity was
conducted using the Ward method. All analyses were
performed using Excel and R software to ensure
accuracy and reliability of the results.
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Results and discussion

The effect of genetic diversity on yield was clearly
demonstrated in this study, as the genetic diversity
among experimental genotypes significantly influenced
most of the studied traits, including white sugar yield,
root yield, sugar content, white sugar content, root
sodium content, and sugar extraction efficiency. At the
Fasa Research Farm, genotypes T-10075 and T-10042
exhibited the highest white sugar yields, averaging
18.44, and 18.07 t ha?, respectively, and were
significantly superior to the control cultivar at the 1%
probability level. At the Dezful Research Station,
genotypes T-10038, T-10076, and T-10073 showed
higher white sugar vyields compared with other
experimental genotypes, with average yields of 10.25,
9.52, and 8.41 t hal, respectively, also significantly
superior to the control cultivar. The evaluation of
bolting rate at the Fasa Research Farm identified several
genotypes with high resistance to bolting; 16
experimental genotypes did not show any bolting
compared with the control variety Antek. Genotype T-
10061 exhibited a low bolting rate of 1.58% and ranked
second in terms of bolting resistance, while genotypes
T-10043 and T-10053 had higher bolting rates of 8.74%
and 10.92%, respectively, making them unsuitable for
autumn cultivation. Based on the evaluation of white
sugar yield and bolting rate, two genotypes—T-10075,
and T-10042—are recommended for cultivation in
regions with climatic conditions similar to Fasa, given
their high average yields and absence of bolting. The
evaluation of resistance to Cercospora leaf spot disease
at the Safiabad Agricultural Research Station in Dezful
revealed varying levels of resistance among the
genotypes. Genotypes T-10075 and T-10076, along with
the bolting-resistant control Antek, were classified in the
resistant group, while genotypes T-10052, T-10053, T-
10069, and T-10062 were classified as semi-resistant,
and the remaining 13 genotypes were semi-susceptible.
Notably, genotype T-10076 exhibited a high white sugar
yield (9.52 t hal), resistance to Cercospora leaf spot

VO

disease, and no bolting, making it highly recommended
for cultivation in Dezful.

Conclusion:

In conclusion, this study highlights the significant
impact of genetic diversity in influencing yield and
resistance traits of sugar beet genotypes. The
identification of high-performing genotypes such as T-
10075, and T-10042 for white sugar yield and bolting
resistance, and T-10076 for its integrated performance
in yield, bolting resistance, and Cercospora leaf spot
resistance, provides a strong foundation for future
breeding efforts. These findings underscore the
importance of comprehensive evaluations across
multiple environments to identify genotypes with
superior agronomic traits, ultimately contributing to the
sustainability and productivity of sugar beet cultivation..
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Table. 1 List of experimental sugar beet genotypes
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2 T-10061 7 T-10076 12 T-10039 17 T-10073
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Table 2 Minimum, Maximum and mean temperature, and total monthly rainfall in the Fasa and Dezful
regions during 2023-2024
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Month temperature C temperature C temperature C Rainfall mm
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Fasa Dezful Fasa Dezful Fasa Dezful Fasa Dezful
Ao
September 23- 11.00 21.90 26.30 38.80 18.10 30.36 0.00 0.40
October 22
ol
October 23- 10.00 16.82 25.20 29.91 17.60 23.37 16.60 88.80
November 21
M
November 22- 3.50 10.74 20.60 23.23 12.10 16.99 0.00 47.20
December 21
8
December 22- 1.40 8.99 19.20 21.74 10.30 15.36 0.20 15.30
January 20
o
January 21- 2.80 7.82 18.80 21.56 10.80 14.69 8.80 22.80
February 19
Al
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20
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Hiyes
28. 23.72 . 4557 . 4, . .
May 22- June 21 8.60 3 38.00 55 33.30 34.65 0.00 0.00
June 22- July 22 32.50 25.90 41.30 48.20 36.90 37.00 1.10 0.00
3350
33.00 27.01 41.60 49.40 37.30 37.06 13.40 0.00
July 23- August 22
4 Sle
ol 13.66 16.90 27.43 3327 2050 2497 99946200
Sum/Mean 0
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Fig. 1 Geographic position of the experimental regions
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Table 3 Physical and chemical properties of soil at the experimental fields (2023-2024)
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Table. 4 Analysis of variance results of studied traits of sugar beet genotypes in the Fasa region

e @lie s o
i Source of variation G
Trait Sk 5 > Coefficient of variation
Block Genotype Error %
df: 3 df: 19 df: 57
White sugar yield wiw ,Si 5 Sles 6.42™ 21.55™ 1.53 8.59
Root yield sy, >,Slee 21.88™ 960.73™ 95.53 10.73
Sugar content ,aJBL 16 as ) 477 3.57™ 2.21 7.84
White sugar content ,alls 13 1o, 5.98" 3.317 1.78 8.21
Na* v 0.05" 0.49™ 0.09 14.83
K* by 1.22" 0.44s 0.43 15.41
Alpha amino N aial 39,5 1.14 0.46" 0.28 23.98
Extraction coefficient of S Jlasal ol 12.50™ 501" 1.94 162
sugar
Molasses sugar Mo 13 0.14" 0.11m 0.09 1451

Do pf g Moy iy o yd S sl zalaw (3 5 dze i) 4 NS g s
** *and ns: Significant at 1% and 5% probability level, and non-significant, respectively.
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Table. 5 Mean comparison results of the studied traits of sugar beet genotypes in the Fasa region during

2023-2024
S S 3, Slas adyy 5,Slas O [EQEVCRWEN - S Jlastil ol
- White sugar yield Root yield t. ha White sugar A Extraction coefficient of
Gezzi ;/ e t. hga'l Y & content f3]/0 Na” (meq.100 g pulp) sugar (%)
o) 095 3% 05,5 g% 05,5 533 09,5 o83 09,5
Value  Group Value Group Value  Group Value Group Value Group
T-10036 16.21 abc® 96.74  bcd 16.84 ab 1.62 e 86.86 abc
T-10038 11.72 ef 67.79 gh 17.24 ab 2.08 a-e 86.41 a-d
T-10039 16.13 abc 88.31 c-f 18.26 a 1.71 de 88.05 a
T-10042 18.07 a 118.29 a 1541 bc 2.27 a-e 84.94 a-d
T-10043  9.39 f 54.90 h 17.13 ab 2.55 abc 85.37 a-d
T-10048 13.18 de 84.24 c-g 15.69 bc 2.37 a-d 84.13 cd
T-10049 13.18 de 77.88 d-g 16.92 ab 2.19 a-e 87.61 ab
T-10052 15.24 bcd 91.81 cde 16.65 ab 2.75 a 85.13 a-d
T-10053 14.52 bcd 102.19 abc 14.26 c 2.69 ab 83.52 d
T-10054 16.40 abc 102.79  abc 16.06 abc 1.74 de 86.19 a-d
T-10055 11.22 ef 7090 fgh 15.94 bc 2.09 a-e 84.57 bed
T-10056 16.63 ab 97.17  bcd 17.22 ab 1.74 de 87.23 abc
T-10061 15.26 bcd 102.29 abc 15.05 bc 2.22 a-e 85.32 a-d
T-10062 13.78 cde 84.17 c-g 16.39 abc 1.69 de 86.55 a-d
T-10069 11.72 ef 73.36 e-h 16.03 abc 1.87 cde 85.39 a-d
T-10070 14.48 bcd 92.33  cde 15.70 bc 1.73 de 85.96 a-d
T-10073 12.86 de 82.43 c-g 15.61 bc 2.11 a-e 85.33 a-d
T-10075 18.44 a 113.02 ab 16.46 abc 2.53 abc 85.14 a-d
T-10076  15.04 bcd 95.79 bcd 15.66 bc 2.03 b-e 85.93 a-d
Antek 14.80 bcd 89.07 c-f 16.81 ab 1.94 cde 86.29 a-d

S8 oy s bgrse (65 xe Jleinl paw j3 (SO (glatels wix yg03l ol Ggli5 (S ynde Bp K Bl gyl slael gt o 3
*Means with at least one common letter do not have a significant difference at their probability level based on Duncan's

multiple range test.
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Table. 6 Analysis of variance results of studied traits of sugar beet genotypes in the Dezful region

Source of variation

Olyoss o b

;LM Sobs G595 s Coefficient of variation
rait
Block Genotype Error %
df: 3 df: 19 df. 57

White sugar yield saw S 3 ,Slas 4.30m 12.50™ 1.78 20.07

Root yield as, >,Sles 885.86™ 983.91™ 141.84 19.70

Sugar content Lallsb 43 as o 1.70™ 1.05™ 0.15 2.88

White sugar content _,alls 43 1) 453" 1.63™ 0.24 4.47

Na*" o 2.06™ 1.21™ 0.20 22.06

K* sl 1.25™ 0.28M 0.21 13.54

Alpha amino N ausl 539, 0.23" 0.45™ 0.06 12.26

Extraction coefficient of & Jlaswl slosl, 71,04 14.07" 373 234
sugar

Molasses sugar Mo 1 0.82™ 0.14™ 0.05 13.18

D Gze pf g oy iy o yd S il galaw 3 I e i) 4 NS g s
** *and ns: Significant at 1% and 5% probability level, and non-significant, respectively.
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Table 7 Mean comparison results of the studied traits of sugar beet genotypes in the Dezful region during 2023-2024

o Jlascial el

Mo S35 Sle a2k At a3 ol 8 - NIRRERER o 3
s )\//i\‘lj(ijt%s?]%ir) Roothg@fld t. Sugar 0g)ontent White sugar Na;_[nsgl.;oo NmechtllF?o gt E)%(a_ctionf '\s/luogIZ?%iaS
Genotype content % Coesué‘;'re&t) 0

ool eg)S ol egyS ol egS ol ey ol eg)S 37T ol eg)S "33 YT

Value Group  Value Group  Value Group Value Group ~ Value Group  Value Group  Value Group  Value Group
T-10036 7.84 a-d* 7174 abc 13.23  def 11.08 c-g 122 e 239  bed 83.70 abc 155 cd
T-10038 10.25 a 88.38 a 13.95 bc 1161 ad 1.67 cde 2.36 bcd 83.21 abc 174 ad
T-10039 7.61 a-d 62.71 abc 1443 ab 1219 ab 1.86 cde 220 cde 84.49 ab 164 ad
T-10042 7.68 a-d 7161 abc 13.26  def 10.73 c-g 2.08 b-e 2.16 cde 80.92 a-d 193 ad
T-10043 317 ¢ 2963 e 13.19  def 10.76 c-g 2.64 abc 1.69 ef 81.55 a-d 182 ad
T-10048 5.64 c-g 53.95 b-e 13.05 def 10.48 efg 252 ad 292 a 80.27 bcd 1.97 abc
T-10049 7.95 a-d 68.22 abc 13.99 bc 11.69 abc 1.85 cde 1.69 ef 83.51 abc 170 ad
T-10052 521 d-g 50.98 cde 1277  ef 10.25 fg 308 a 145 f 80.13 cd 193 ad
T-10053 6.64 c-f 66.87 abc 12.78  ef 10.04 g 3.08 a 1.90 def 7851 d 214 a
T-10054 6.52 c-f 64.81 abc 1274 1014 g 216 a-e 277 ab 7955 cd 2.00 abc
T-10055 7.05 b-e 65.25 abc 13.19 def 10.75 c-g 2.03 b-e 1.93  def 81.56 a-d 183 ad
T-10056 4.21 efg 36.47 de 13.70 cd 1142 a-e 1.77 cde 149 f 83.33 abc 1.68 a-d
T-10061 7.28 bcd 66.23 abc 13.21 def 11.02 c-g 2.08 b-e 180 ef 83.25 abc 159 bcd
T-10062 5.89 c-g 51.21 cde 1359 cd 1155 a-e 150 e 171 ef 85.00 a 144 d
T-10069 5.70 c-g 52.79 cde 13.14 def 10.79 c-g 1.89 cde 199 cf 82.12 a-d 174 ad
T-10070 6.25 c-f 50.40 cde 1463 a 1241 a 1.19 e 249 abc 8484 a 162 ad
T-10073 8.41 abc 79.57 ab 13.26 def 10.56 d-g 294 ab 222 cde 79.61 cd 210 ab
T-10075 4.10 fg 37.03 de 13.40 cde 1112 cg 218 a-e 169 ef 82.85 abc 168 ad
T-10076 9.52 ab 8539 a 1361 cd 11.24 b-f 2.09 b-e 1.92  def 82.48 a-d 177 ad
Antek  6.31 c-f 55.82 bcd 1358 cd 11.30 b-f 161 de 220 cde 83.26 abc 167 ad

I o a4 by e ()l e ezl e Sl (glaals dizm 0303 alul p (55U (S e o S5 Jle (glyls sl O g 50"
*Means with at least one common letter do not have a significant difference at their probability level based on Duncan's

multiple range test.

el oy polie gl T-10054 5 T-10048 (clacsiss;
T-10056 5 T-10052 clacsissj 45 Jb o etidgs Yl

o3, olyen 4 T-10062 5 T-10036 .T-10070 lacsisis

(Sl 3,8 355 5y e lise opgieS dali
sl T-10073 4 T-10053 (T-10052  slacwiss



S 32 4 (low S g (59588l i ¢ AS g (08 3Sles L))

S Ay 53 (wyp 3y90 i) Ve Om 3l D9 polie
sl i gl cpl (Y USS) adl (ggyd8le 455 zun
O ol CuiS ) okl (sl beasel ol 598 Jamly
Qo d VOA L ply a0l (g9)a8le l5e T-10061 Csgj
SBewis) m > 988l & Cuglio Jlai | o ol s
S (Y U)oy olaidl sgd a1y pod agy ddlllas 350
Z5 &b gze ysbas T-10053 4 T-10043 slacusgs o
Dol i do > Vo/AY g AVE e & oYL (gg48le
i i} 39 5 oyl ol Gl o (Y JS)
9 Lf“s D)S.LQ.C » J.le@ dﬁ)d‘ét“’ ‘).5) ‘ol c.\....ful).i:
3 4 45 350 sl calplis 9, Lite 36 aS
P8 ddlais pl 030l cuiS (gl (g9)d8lu & YU Cawlus

5391 )13)55 5 05y

Ve

illdasMe BB joba ST aals 13, b awslie p» o>
Oleily (Y Jgaz) g2 515,08 2 aizal (59,55 ko oy a8
T- 4 T-10070 T-10062 slacwsss p» S Jlascul
dopd AF/¥R 5 AF/AY AB/++ SSle b s 5 4 10039
o0y Al Jald o8, b o)y dme Solds g 090 (liae oy YL
O 90 999 Mo D AY/YE Polre Jlasciwl Loy (o]l salis
T- slacss) ob polaidl 3s 4 ) wiin 45, ey
L <y 4 T-10052 4 T-10073 .T-10054 (10053
S Loy ANY 5 VRSN YAIBD VAIDY (Sl
T- 5 T-10053 slacwys ol |y Jlasl ol
Oyt gy ao 2 YV 5 YV pSlee b s 5 40, 10073
5 T-10062 slacwig; a5 Jb jd widg (wlo A8 500
S Aoy VB0 9 VFY W Sle L sy 4 T-10036
(Y Jasa) sl olaid] ags 4y 1) e 03 l5ee
9,48l Gl3s0 (b3,

Mol g 53185 L5 (6958l ivloj] slocwiss 5| Sozun

25.00
20.00
3 1500
3 P00
= 8
12
=M 500
0.00 iTTTTTTTTTTTTTTTTT
R T LT I L T I L I L L L LI LI L I I L
nSsiss33335358¢68828E8¢3
- oagﬁcocgagoccdggococb
S'ea s £8s58828s8es8ee28se8¢e2 8
BB B e R R R T I I S S T
=]
a
b
w3 2
Genotype

Ld lados ac)jn o (oiilajl a8piier lacas) 59,8l lie ¥ S
Fig. 2 Bolting rate of experimental sugar beet genotypes at Fasa, Fars Research Field
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Fig. 3 Grouping of experimental sugar beet genotypes in terms of Cercospora leaf spot disease severity based

on the results of the Dezful Research Station. Yellow: resistant, gray: semi-resistant, and blue: semi-
susceptible group.
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