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Extended Abstract

Background: Sugar beet has various applications and nutritional benefits. It contains a high
concentration of sucrose, making it a significant source of sugar. Autumn sugar beet is superior
to spring cultivation due to its high production potential, optimal use of seasonal rains, low water
requirement, and fewer pests and diseases. Considering the above-mentioned advantages, besides
Khuzestan, the issue of autumn beet cultivation is discussed in other regions of the country, such
as Fars, Kerman, Kermanshah, Ilam, Golestan, Khorasan, and Ardabil (Moghan) provinces.
Resistant plants to bolting should be used due to planting in autumn and wintering of the plant.
The bolting phenomenon, as one of the limiting factors in autumn sugar beet cultivation, severely
affects the quantitative and qualitative performance of the product, especially in early planting
fields. In years with cold and long winters, foreign and domestic sugar beet varieties depend on
the existing weather conditions and face different bolt percentages. Therefore, foreign seed-
producing companies send their bred varieties to the sugar beet seed institute every year to
evaluate the bolting rate and quantitative and qualitative performance. This research was carried
out at the request of the representative of Lion Seed Company in Iran to explore the hybrid
varieties in the Golestan region as autumn cultivation. This research aims to firstly introduce a
superior hybrid resistant to bolting and then investigate the relationship of the candidate molecular
markers with the tolerance of genotypes to bolting. In the future, therefore, it can be used for the
molecular screening of genotypes resistant to bolting in the institute.

Methods: The present study was conducted by evaluating six different sugar beet cultivars at the
Gonbad Agricultural Research Station during the 2022-2023 cropping season. The experiment
was based on a randomized complete block design with four replications. The evaluated traits
included root yield, white sugar yield, sugar content, sodium content, potassium, alpha amino
nitrogen, white sugar content, extraction coefficient of sugar, and bolting percentage. The disease
severity of the experimental cultivars to Cercospora was also recorded in this study. To genotype
the studied cultivars, leaf samples were collected from bolting-sensitive and resistant plants in
spring for a molecular assay using candidate markers. After obtaining the phenotypic data, the
normality of the data was examined before any analysis. After confirming the normality of the
experimental data, analysis of variance and mean comparison were performed using the least
significant difference test for the studied traits. The simultaneous selection index of the multi-trait
genotype-ideotype distance index (MGIDI) was calculated in R software to rank and select the
superior cultivars based on all studied traits.

Results: The results of the analysis of variance for the traits showed that the experimental
cultivars were significantly different in all traits, including root yield, white sugar yield, sugar
content, sodium content, potassium, alpha amino nitrogen, white sugar content, extraction
coefficient of sugar, and bolting percentage, except for the Cercospora score. The mean
comparison results of the experimental cultivars in terms of root yield confirmed the superiority
of the Jerra cultivar with an average yield of 34.97 tons per hectare. The lowest root yield was
obtained by the SHRO1-P.12 cultivar with a yield 0of 47.25 tons per hectare. Among the six studied
cultivars, five cultivars, including Jerra, Klara, Juncal, Shannon, and Granate, contained the
highest values of white sugar yield with averages of 71.10, 22.10, 74.9, 69.9, and 36.9 tons per
hectare, respectively. The SHRO1-P.12 cultivar contained the lowest white sugar yield. According
to the results, Klara, Granate, Juncal, and Shannon cultivars ranked first with 61.16, 39.15, 30.15,
and 16.15% sugar content and 93.13, 26.12, 48.12, and 05.12% white sugar content, respectively.
Klara, Juncal, Shannon, Granate, and Jerra cultivars had the lowest sodium content, while SHRO1-
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P.12 had the highest level. In terms of potassium impurity, Klara, Juncal, Jerra, and Granate
cultivars had the lowest values. The highest value of this trait belonged to the SHRO1-P.12
cultivar. The SHRO1-P.12 cultivar had the lowest alpha amino nitrogen content with an average
of 12.1 milliequivalents per 100 g of root pulp. The highest alpha amino nitrogen content was
recorded for the Granate cultivar. The highest extraction coefficients of sugar in the experimental
cultivars were observed in Klara, Juncal, Granate, Shannon, and Jerra with averages of 82.83,
37.81, 64.79, 49.79, and 43.77%, respectively. The Jerra cultivar had no bolting and ranked first
in terms of the lowest value of this trait. The Granate and Juncal cultivars ranked second with
averages of 69.2 and 49.5%, respectively. The highest bolting percentage was recorded for the
SHRO1-P.12 cultivar with an average of 42.93%. Based on the MGIDI selection index, with a
selection pressure of 30%, the Juncal cultivar ranked first with an MGIDI value of 21.0, followed
by the Shannon cultivar with a value of 25.0. The SHRO1-P.1 cultivar had the highest MGIDI
value (56.2) and was considered an undesirable cultivar. Regarding the candidate molecular
markers associated with bolting tolerance, two candidate markers showed relevant polymorphism,
two candidate markers presented random polymorphism, and five other candidate markers were
devoid of polymorphism.

Conclusion: The results showed that the genetic diversity among the experimental cultivars
caused different responses in the evaluated traits. However, the extent of the impact of genetic
diversity on traits can vary depending on the conditions. The newly introduced cultivars are
suitable for autumn sugar beet cultivation in Golestan Province, aiding in bolstering the nation's
sugar production. Moreover, the polymorphic markers linked to bolting tolerance identified in
this study can serve as valuable tools for upcoming research endeavors and the selection of
bolting-resistant sugar beet breeding lines.
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Figure 1. Ranking of the experimental genotypes in an ascending order based on MGIDI
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Table 1. Information of the varieties tested in this research
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Table 2. Summary of the analysis of variance for quantitative and qualitative traits of the investigated varieties

Slagpe 5:55ke
Mean squares
D g a0 S s
- N Q9= .. 1 RW: : €3
T P S T
Bolting Extracti e - K Na Sugar 1e Root yield
xtraction sugar N sugar
coefficient content content  vidid
of sugar
106.485 414.374 9.017 0.038 0.038 4.416 5.289 0.823 222.143 3 )‘.’Sj.
Replication
4968.571*  1885.025*  55.681** 13.268* 13.268* 17.463* 23.691* 56.494* 2356.362" 5 %)
Cultivar
46.192 317.203 2.543 0.264 0.264 1.771 1.486 1.415 67.392 15 }];:01'
() S
27.810 24.899 14.663 16.949 8.328 47.191 8.468 14.124 11.410 Coefficient of

variation (%)
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* ** and ns: Significant at 5%, 1%, and non- significant, respectively.
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Table 3. Mean comparison of the varieties by the LSD method in terms of evaluated traits in the experiment
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%) T pulp) pulp) pulp) content content sugar yield yield
N (%) (%) (t.ha") (& hah)
19.75b 79.49a 1.60b 5.75b 2.04a 12.05ab 15.16ab 9.69a 80.53b Shannon
2.69a 79.64a 1.98¢ 5.65ab 2.08a 12.26ab 15.39ab 9.36a 76.44b Granate
25.28b 83.82a 1.63b 5.06a 1.48a 13.93a 16.61a 10.22a 73.28b Klara
0.00a 77.43a 1.52b 5.44ab 2.64a 11.04b 14.24b 10.71a 97.34a Jerra
5.49a 81.37a 1.69bc 5.26ab 1.68a 12.48ab 15.30ab 9.74a 78.63b Juncal
93.42¢ 27.43¢ 1.12a 9.85¢ 7.01b 3.50¢ 9.68¢ 0.81b 25.47¢ SHRO1-P.12
24.44 71.53 1.59 6.17 2.82 10.87 14.40 8.42 71.95 Mean
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In each column, the means with at least one similar letter are not significantly different at the probability level of 0.05.
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Table 4. Prediction of selection differential for studied traits in sugar beet cultivars based on the MGIDI
index
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12.20 132 122 10.9 Whiteﬁ:ax:;é;t (%)
-30.60 -0.86 1.96 282 Na* (meq.Tagg—l pulp)
-10.50 -0.65 5.52 6.17 K (meq4T&)t‘%g—l pulp)

2.62 0.04 1.63 1.59 N (meti‘o%”g)-;f pulp)

10.30 7.40 78.9 715 Extractioﬁoimrll:zt{:ugar (%)
-47.90 -11.70 127 24.4 Bolting (%)ss,4L

1 2 3 4 5 6 SM 7 8 9 10 11 12
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Figure 2. The electrophoresis pattern related to the candidate marker Bol-1-1053 with a band size of 1053 bp in

two bolting-resistant and susceptible varieties: columns 1 to 6 corres;)ond to six single plants without bolt in the
field, and columns 7 to 12 correspond to six single plants with bolting in the field. SM: DNA size marker.

1 2 3 45 6 7 8 9 SM10 11 12 13 14 15 16 17 18

Bol-2-2~110 5 Bol-2-1~130 1,515 (¢la,Slis 43 bgyyo (5,589,550 (6581 -V S5
G4 bype ALY (slagygi tilojl g9)aBl 4y sl g plie 08y 93 5 bz Ve 9 T+ 935 (slasily ojluil b i ey

.DNA D)L\Jl M}i‘.ﬁw SM S acyyo M) A.,Jy 4 4.15.u_§a 4 Joy).o VALY le.bu}uu) 9 sy )y VJ}! 9N 4)9)&
Figure 3. The electrophoresis pattern related to the candidate markers Bol-2-1~130 and Bol-2-2~110, respectively,
with an approximate band size of 130 bp and 110 bp in two bolting-resistant and susceptible varieties: columns 1
to 9 correspond to nine single plants without bolt in the field, and columns 10 to 18 correspond to nine single
plants with bolting in the field. SM: DNA size marker.
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Figure 4. The electrophoresis pattern related to the candidate marker Bol-3~630 with an approximate band size of
630 bp in two bolting-resistant and susceptible varieties: columns 1 to 6 correspond to six sin%le plants without

bolting in the field, and columns 7 to 12 correspond to s]i<x single plants with bolting in the field. SM: DNA size
marker.

1 2 3 4 5 6 SM 7 8 9 10 11 12

L uaL.o 9 Pgl.no w.‘i) 9.) 2 )LCAD VY. .)5J> J;Lv b)l.bl l) Bol-4~110 JJJJK )i.»LM; L Joy)‘o d))?sﬁ)"i” 69§J| -0 JS.J:
g & WSS b 2 bgyye WY slagygios 5 450 5 gy g 6525 G5 4 bgiyo £ U1 slaysis iilojl g5)48L
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Figure 5. The electrophoresis pattern related to the candidate marker Bol-4~110 with an approximate band size of
110 bp in two bolting-resistant and susceptible varieties: columns 1 to 6 correspond to six single plants without

bolting in the field, and columns 7 to 12 correspond to sli(x single plants with bolting in the field. SM: DNA size
marker.

S9s8ls 4 (lus g polie 55 93 5 b YA WL ojluil b SBS-489 wuils' \SiLis 4y bgsye (555585801 (5501 =% IS5
a0 )3 aidy Syt G915 (15 2 bgyo WUV (slapysion 5 Sy gy 0915 (b & bgiyo £ 1) slagygios stale]]
DNA ojlsl oy K5l :SM it

Figure 6. The electrophoresis pattern related to the candidate marker SBS-489 with a band size of 489 bp in
two bolting-resistant and susceptible varieties: columns 1 to 6 correspond to six single plants without bolting in the
field, and columns 7 to 12 correspond to six single plants with bolting in the field. SM: DNA size marker.
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Figure 7. The electrophoresis gattern related to the candidate marker SBR-718 with a band size of 718 bp in two

bolting-resistant and susceptible varieties: columns 1 to 6 correspond to six single plants without bolting in the
field, and columns 7 to 24 correspond to 18 single plants with bolting in the field. SM: DNA size marker.

1 2 3 4 S 6 7 8 SM

S9y48lo 4 (wlue 5 polie o8 93 53 jlidn Vo0 Ll o3luil L SR3-705 2,508 il 4 bgype (5,589,581 (565 —A S
248 g ) G5 e 4 bape AL D lagygin 5 dyje )3 g 9 9T e 4 baape YUY slagyginn il
DNA ol i ,55Li5 :SM s a0
Figure 8. The electrophoresis pattern related to the candidate marker SR3-705 with a band size of 705 bp in two
bolting-resistant and susceptible varieties: columns 1 to 4 conesgond to four single éﬁlants without bolting in the

field, and columns 5 to 8 correspond to four single plants with bolting in the field. SM: DNA size marker.

SM 1 2 3 4 2 6 7 8
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Figure 9. The electrophoresis pattern related to the candidate marker SR4-500 with a band size of 500 bp in two

bolting-resistant and susceptible varieties: columns 1 to 4 corresllqjond to four single é)lants without bolting in the
field, and columns 5 to 8 correspond to four single plants with bolting in the field. SM: DNA size marker.
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Table 5. The results of candidate molecular markers related to bolting tolerance in susceptible and resistant samples
from the Gonbad experiment of autumn cultivation, 2022-2023
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