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Abstract
Introduction
Autumn cultivation has been proposed as a strategy to take advantage of seasonal rainfall and
reduce irrigation water consumption. However, this approach has faced major challenges,
particularly the incidence of Cercospora leaf spot disease and bolting, across different regions.

Materials and Methods

Considering the adverse effects of bolting and Cercospora leaf spot disease on both the
guantitative and qualitative yield of autumn-sown sugar beet, this study was conducted to
evaluate the performance of 16 sugar beet cultivars in terms of bolting resistance, Cercospora
resistance, and yield potential. The experiment was carried out during the 2022—2023 growing
season using a randomized complete block design with four replications in two regions:
Khuzestan province (Dezful) and Golestan province (Gonbad-e Kavus). In the Dezful region, the
bolting percentage was zero for all cultivars; therefore, this trait was excluded from the analysis
of variance for that location.

Results and Discussion

In Dezful region, analysis of variance indicated significant differences among cultivars for all
measured traits, except bolting and sugar content. Mean comparisons showed that the highest
white sugar yield was obtained from the Vanilla (10.60 t ha™ ) and Volga (9.49 t ha™ 1) cultivars.
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The highest root yield was recorded for Vanilla (83.10 t ha™ %) and Sibelius (79.81 t ha™ ). The
highest white sugar content was observed in Volga (13.77%), Flixter (13.36%), and Algar
(13.26%). Regarding root impurities, Volga (1.83 meq 100 g~ ! pulp) and Balzan (1.89 meqg 100
g~ ! pulp) had the lowest sodium content, while Volga (2.55 meq 100 g~ * pulp) and Allegra
(2.56 meqg 100 g~ * pulp) had the lowest potassium levels.The lowest amino nitrogen content was
found in Allegra (2.94 meq 100 g~ * pulp), Algar (3.43), Pegaz (3.35), and Contenta (3.09). Sugar
extraction efficiency was highest in Volga (86.46%), followed by Balzan (83.36%) and Lodata
(83.33%). Among the evaluated cultivars, only Casablanca exhibited a semi-resistant reaction to
Cercospora leaf spot (score 3.88 out of 9), while the remaining cultivars ranged from semi-
sensitive to sensitive (scores >4). No bolting was observed in any cultivar in Dezful, whereas the
sensitive control exhibited 36.84% bolting. This suggests that although conditions were partially
favorable for bolting, the tested cultivars expressed resistance, likely influenced by climatic
conditions during the growing season.

In the Gonbad-e Kavus region, analysis of variance showed that cultivar effects were significant
for all traits except root yield and sodium content. Mean comparisons showed that the highest
white sugar yield was obtained from Volga (10.26 t ha™ 1) and Algar (9.21 t ha™ 1). The highest
sugar content was recorded in Volga (17.33%), Contenta (17.28%), Sy_muse (17.24%), Vanilla
(17.13%), and Flickster (17.11%). The highest white sugar content was observed in Volga
(14.87%), Sy muse (14.27%), Vanilla (13.96%), and Contenta (13.94%). Regarding root
impurities, Volga (4.73 meq 100 g~ ! pulp) had the lowest potassium content, while other
cultivars showed higher potassium levels (>5 meq 100 g~ * pulp). Except for Oxalide (2.03 meq
100 g~ ! pulp), Laudata (1.72), and Balzan (1.77), which showed relatively high amino nitrogen
levels, the remaining cultivars had low amino nitrogen content (<1.5 meq 100 g~ ! pulp). The
highest sugar extraction efficiency was observed in Volga (85.56%). Most cultivars showed
resistance to semi-resistance against Cercospora leaf spot, with Balzan and Vanilla showing
complete resistance. The lowest bolting percentages were observed in Balzan (3.32%), Oxalide
(3.62%), Sibelius (3.96%), and Cardamone (4.14%), whereas the sensitive control showed a
bolting rate of 93.41%.

Conclusion

Overall, the environmental conditions of Dezful were more favorable for the development and
establishment of Cercospora leaf spot disease than those of Gonbad-e Kavus. In contrast,
environmental conditions in the Gonbad-e Kavus region were more conducive to bolting than in
Dezful. These findings indicate that successful autumn cultivation of sugar beet depends not only
on selecting cultivars resistant to bolting and Cercospora leaf spot but also on careful
consideration of regional environmental conditions.
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Tablel. New sugar beet cultivars in experiment

Cultivar Cultivar
Number name Number name
1 Contenta 9 Zenit
2 Cardamone 10 Sybelius
3 Pegaz 11 Casablanca
4 Algar 12 Helita
5 SY_Muse 13 Volga
6 Laudata 14 Vanilla
7 Alegra 15 Oxalide
8 Flixter 16 Balzane
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Table 2. Physical and chemical properties of
the soil before starting the experiment

Amount
Soil properties Gonbad-e Dezful
Kavus
Total nitrogen
%) 9 0.12 0.07
K (ppm) 729 104
P (ppm) 18.2 6.1
pH 7.77 7.6
EC (ds.m™) 2.3 17
Soil texture Silty clay Silty clay
loam loam
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Table 3. Minimum, maximum and monthly mean temperature and monthly total rainfall of Dezful and Gonbad-e Kavus research stations in the 2022-2023.

Total _monthly Monthly_ . Mean Mean monthly Mean monthly

rainfall relative humidity monthly temperature (°C maximum temperature (°C minimum temperature (°C

Month () ) y temperature (°C) p (C) p (°C)
Gonbad-e Kavus Dezful Gonbad-e Kavus Dezful Gonbad-e Kavus Dezful Gonbad-e Kavus Dezful Gonbad-e Kavus Dezful

November 42,5 24 67 65 16.2 23 225 29.5 9.9 16.46
December 27.20 135 72 69 11.6 18.3 16.6 24.8 6.5 11.7
January 8 129.6 63 87.4 7.4 125 13.9 17 0.9 8
February 19.7 38.8 65 81.1 7.6 12.4 13.9 179 14 6.9
March 9.3 53.8 64 70.4 14.9 19.1 225 26 7.3 12.1
April 26.6 61.5 65 66.7 16.9 20.5 24.3 27.8 9.5 13.2
May 335 0.5 64 37 21.6 27.7 28.9 37.6 14.4 17.9
June 38.6 0.1 57 26.6 28.4 34.3 35.5 43.9 21.4 24.7
July 0.4 0 54 22.4 29.4 36.4 35.8 47.9 23 24.9

August 13.7 0 52 26.1 31.4 37.7 38.4 47.6 24.3 27.8
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Table 4. Variance analysis of studied traits in Dezful

VA

Mean squares

Alpha Extraction
Root vield Na* K* amino White L White sugar
SOV df y Sugar content ¢ ent content nitrogen sugar coefsf:ngpt of yield Cercospora
content content 9 Score
Replication 3 10.83 2.22 6.13 0.52 1.44 418 68.25 1.16 5.16
Cultivar 15 117.66°° 2.04™ 1.78° 1.3 3.3 2.5% 21.65> 2.19* 2.48°
Error 45 32.88 1.3 0.48 0.22 0.37 0.84 353 0.83 0.17
CV% - 8.18 7.47 21.2 14.85 15.25 7.42 231 10.53 7.74
Ao 53 & ez o 53 Jls gmn ™ ls ams 21 NS
™: Non-significant, **: Significant at 1 % probability level
J5938 50 adlllan 3590 Olho Sl duslio -0  Jgu>
Table 5. Mean comparison for the studied traits in Dezful
. . Extraction
- Sugar Na i White sugar e . .
Cultivar R(()to ;y_lfild content (meq.100g* . (meg.100 AIEE?OZZ]AHO content coefficient of Wh'te( tsﬁg‘?; yield  cercospora
.na meq. sugar .na
Number (%) pulp) o puln) (meg.100 g* %) o) Score
pulp)
1 Contenta 69.68 14.80%° 4.16° 2.92%¢ 3.09¢ 11.79% 79.58°¢ 8.19™ 438%™
2 Cardamone 71.89%° 14.50%° 4,04° 2.7 3.63% 11.56° 79.67%¢ 8.32" 6.50"
3 Pegaz 72.12%¢ 15.51%¢ 4,02 2.74% 3.35¢ 12.59%® 81.29™ 9.05°¢ 6.38"
4 Algar 63.16° 16.34° 2.98%¢ 42° 3.43¢ 13.26%® 81.33" 8.38" 575"
5 SY_Muse 68.17"™ 15.73°%¢ 3.28°¢ 2.58¢ 352¢ 13.09%® 83.25% 8.93%¢ 5.63"
6 Laudata 66.46° 15.49%° 2.94%¢ 2.78% 3.52¢ 12.91% 83.33% 8.57"% 5.50¢°
7 Alegra 70.36 ™ 14.04°¢ 336 2.56¢ 2.94¢ 11.44° 81.56™ 8.05™ 5.00%°
8 Flixter 65.56° 16.05% 3.25%¢ 2.66% 4,031 13.36® 83.16% 8.73%¢ 6.25%
9 Zenit 65.33° 15.38%° 3.92° 3.55%¢ 5.13° 12.05% 78.40% 7.88" 5.5¢°
10 Sybelius 79.81%® 14.44%¢ 3.58° 3.16"¢ 3.96"¢ 11.47° 79.44"¢ 9.16%¢ 4.38™
11 Casablanca 74.33%° 14.26" 3.42° 3.09%¢ 424" 11.35° 79.50>¢ 8.41"% 3.88°
12 Helita 70.85% 15.78%° 3.12%¢ 38%® 3.8« 12.75% 80.89>¢ 9.04%¢ 4,63"%
13 Volga 68.75 15.93%° 1.83¢ 2.55¢ 3.84¢ 13.77° 86.46° 9.49% 6.00%
14 Vanilla 83.10° 15.91%° 3.28%° 3.6%° 482" 12.81% 80.30"*¢ 10.60° 5.88™
15 Oxalide 64.23° 15.06%° 3.20%° 421° 6.63° 11.61° 77.14° 7.44° 475®
16 Balzane 67.41™ 14.61°%° 1.89% 3.34%¢ 3.63“ 12.19% 83.36 % 8.24"™ 5.63"

RIRY Mjac;idk:?\ch..»); &Ql: sl -\;.als.,L;TQ}anwl.alﬁ r.nb Sl (dme DMl (O g o 53 alie o9 - Slyl> sla u_.il:p
Means in each column, followed by similar letters are not significantly different, using Duncan's multiple range test at 5% probability level.



V4

VEF Olans 3 oF o Lo FA o aLE Sl 5

Li,s 5t .(Milford etal., 2010) 355 . LoT
5SS 5 Gl Ol p Bpde 5 (Jaoee
Col odd DU A8, olg dpeme LoiS
Sadeghzadeh Hemayati et al., 2012; )
(Taleghani et al., 2011

Cusby 5 31,8 e 4y VOBV los Sl
35 4 3505 O3l Ol g o 1 L (Ao s PF/FY s
Solo Ll 5 5 axu s Gl Jaoes Ll d 850
035 335 AE e Ll 5 1 Fuels | g oS e
wo s J5s 55 SAS Sl Bl bl ol sl el
Solos 2l 03 G555 Caslin Ga0S b oS ips
5 b K Sl sloul 5 0T anw s 51 b sl
.;}iéﬁ?}l?wjaﬂwjﬁwjzﬂlf
gt Ola Gbla gLl (28 il tleST e )
ol A gopale Ol 55 5o 5 Sl
4 Gl doys it el g e
(Jlod 4,3 Y GLlar 50 L Olhe e 55 55
Wl 2o b dgda 53 OT Sl ey 5 Lo ys Y/PV
YA oWl oo b s cdoys YAAY camys YO
YY oWl a o,e b Js855 5 Loy WYY 4y
Fasahat et al., ) & sdalie doys VPV cas s
ole SWsls i1 F Oliises oyl Cpiomes (2023
4 Ok 55 dgdn 5 Olae glsa glos wlale ol
23 500y o VL 53 53 e Sho Sl S
Tt Ao 5w Gl 93) dluole 0 53 53 g5 Sl
b 5 J55 4 S Olke O J1 ey 5 dgdie e
swl Zel &S WS s |y e sl
P oSl Sy Sl edaTlwnt mli A (g5l
@Bl e Gl s gy Ol & A8 o Al
o s o Lol 5 5 U353 4 Lo usslS AE
ssba 1y Gaale Ol iy oo dgb 5 10 les

s eyl 3 J:JLT v glab>e L6

S dbte 3 (ggyale Ol (Gl sl wsa =t
0513, 5 o s ST O o8 &5 515 0L
NIV Y S5 ) Gasdle Olpe il (gl
bl 5615 ) ¢ o T 251 5 (Ao ys FNF 5 T/45
TP VDY 55 a) adle Ol e o ph sl
doys oS Jys ding (Loys Yo/F7 5 YRV
AF/FID s a8 US dibate 53 wleo dals )3 (59480

Y Jsd) 355 oy
S sls Ol Bl (g5 ale Ol oo T sy o
labe=Na B 55b 4 1) g 54le Oljen ( Jaoee Lol 5
Jspss dilaie 55 (5 88le dos ) tlas oo 13 Sbos
Lol s Jd s Y QLA 50 war gL
s 5 Kka) VENNFY ol ey olascT
5oy Ly Plas 5 ol Kale a3 YENL I,
A el den 55 G1E (Sl a3 VWOl oleregy
ol 5 Ao )3 YEAF aleo dals 3 Jy iw b
g o5 b Jg85s dalaie )5 (g ale ol Lol 2
A8 s s Wlesls Ol Caglie Pl 5 sl 03
YW bl o0 SV GUla o s o
oS ) 0y55 b 3 e lan 5 (Jled a3
63 55 s Jilas 531 8 slu aomy3 WWOF s - KiLw)
a3 VIF oy 5 318 Sl aryn Ve 5 elee
Gao8le (ol (slaens 4 o)) 4an (o) 5 sl
Ao 3 AF/FID ple dals )3 (59 a8l Ol 5 izl
adete 95 5o el dald (g9 a8l Ol Syl sy
L didte jueles Lol 5 saasolis (deoys OF/0V)
Sl ol 5 Asb e el s oyl sk Sy I
il A8 ylae 5o (gayale J S (gl 4SSl OT
Lyld cgible 4 polis il o) OBl e
Sl Gl b 25 aidl (S o
3 glales 5 me 53 Oltws) Juzb 53 QLS 5
Schnepel and ) ous LOT Giluele 4
A sl bl e 0T Js & 5 (Hoffmann, 2016

33 GA:J?} aM:Jf dle Wy Cobslg Joab s



99K W 92 dadllae 8590 Dlho il )lg 4 R T Jguer
Table 6. Variance analysis of studied traits in Gonbad-e Kavus

\AR

Mean squares

Alpha

N + . Extraction . .
d.f Root yield Sugar content Na K amino White sugar  coefficient of Whlt.e sugar Bolting
S.ov content content nitrogen yield Cercospora (%)
content content sugar
Replication 3 2602.55 33.58 9.31 2.25 124 45.94 229.81 10.28 0.56 0.075
Cultivar 15 213.89™ 3.99™ 0.97™ 0.64" 0.29 5.46" 25.21° 472 2.03" 0.047"
Error 45 160.92 0.81 0.73 0.27 0.14 1.49 12.99 1.99 0.2 0.013
CV% - 20.4 5.59 34.04 9.04 27.22 9.52 4.54 18.16 17.53 34.74

ns: Non-significant, *, **: Significant at 5% and 1% probability level respectively

Lo ys S g e i e 53 13 me 5 4 T Ol aa 21 NS

999l S 5 ddlllae 3550 Do (WSl dwslio -Y J9ue
Table 7. Mean comparison for the studied traits in Gonbad-e Kavus

Na* + Alpha Amino Extraction
. Root yield Sugar content K nitrogen content White sugar coefficient of ~ White sugar yield Cercospora .
Cultivar 1 content 1 content 1 1 Score Bolting
Number (t.ha™) (%) (meq.100 g (meq.100 g™ (meq.100 g content (%) sugar (t.ha™) %)
pulp) pmp) pulp) (%)

1 Contenta 59.19°7 17.28% 2.48%° 6.03° 1.33%™ 13.94® 80.35%°¢ 8.16%7 3P 8.84™
2 Cardamone 68.28°2 15.00% 2.97%® 5.86% 1.18" 11.57%¢ 77.07% 7.895¢ 3P 4.14°
3 Pegaz 65.81° 16.20%° 2.50°° 5.84% 1.09% 12.95%¢ 79.66°%° 8.29%°¢ 3P 13.57%
4 Algar 67.84° 16.80% 2.04°¢ 6.14° 1.42"% 13.57%¢ 80.55%¢ 9.21%® 2° 21.15"
5 SY_Muse 53.34% 17.24° 1.80% 5.66% 1.35% 14.27%® 82.69% 75109 3° 20.60™
6 Laudata 64.84° 15.91%¢ 2.95% 5.80% 1.72%® 12.46%¢ 78.18"™ 8.13%¢ 3P 24.53°
7 Alegra 57.81°% 15.83°%¢ 3.35° 5.55% 1.20% 12.37%¢ 77.50" 6.88%¢ 3° 18.85™
8 Flixter 50.34°% 17.11° 2.64%C 5.48% 1.38™ 13.91%°¢ 80.62°°¢ 6.79% 3P 9.17%
9 Zenit 63.72° 14.46° 296 5.75% 1.27% 11.07¢ 76.18°¢ 6.71% 3P 6.83™
10 Sybelius 68.00° 14.83° 2.64°¢ 5.79® 1.05°¢ 11.55%¢ 77.30 7.56"%¢ 3° 3.96°
11 Casablanca 76.34° 15.41%¢ 2.57%¢ 6.21° 1.47% 11.98%¢ 77.42% 8.83%¢ 3P 7.46"
12 Helita 61.16° 15.76%¢ 2.62°¢ 5.15% 1.04¢ 12.71%¢ 80.27%°¢ 7.66"¢ 3P 20.46%
13 Volga 70.25° 17.33° 1.28¢ 473" 1.18"% 14.87° 85.56% 10.26° 2° 14.91%
14 Vanilla 61.56° 17.132 2.61%° 5.38% 1.43% 13.96® 80.75%°¢ 7.955¢ 12 7.11%
15 Oxalide 52.28° 14.69° 2.50%¢ 6.22° 2.03° 11.22¢% 76.26° 5.85¢ 25° 3.62°
16 Balzane 54.13° 16.18%° 2.29%¢ 6.08° 1.70%® 12.85%¢ 79.23% 6.78% 12 3.322

Means in each column, followed by similar letters are not significantly different, using Duncan's multiple range test at 5% probability level.
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