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Table 1. Selected half-sib families

S G585 Sblesles

Row Genotype Code
1 SB33-HSF-1  HSF-900271
2 SB33-HSF-2  HSF-900272
3 SB33-HSF-3  HSF-900273
4 SB33-HSF-4  HSF-900274
5 SB33-HSF-5  HSF-900275
6 SB33-HSF-6  HSF-900276
7 SB33-HSF-7  HSF-900277
8 SB33-HSF-8  HSF-900278
9 SB33-HSF-9  HSF-900279

10 SB33-HSF-10 HSF-900280

HSF: half-sib family; SB: sugar beet.
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Table 2. Characteristics of identified resistant populations to root-knot nematode and
rhizomania disease

=5 aler gy Slasie Llogny 4 Cuslis P s Bl 4 aglis
Germplasm Germity Characteristics Resistance to Rhizomania  Resistance to RKN
SB33 MM Population High- Rz1 High
SB34 MM Population Rz5 High
MM: multigerm.
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Fig. 1. The average optical absorption index at 405 nm wavelength (OD 405 nm) of the
virus causing Rhizomania disease in each genotype under greenhouse conditions
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Table 3. Results of evaluating genotype resistance to Meloidogyne spp. under

greenhouse conditions

Root -Knot Nematode

) 555 M. javanica M. arenaria Gotos S
Row  Genotype  slalus ki alis e 4l Classification
Bako Joghatai Jovain
Root nodules 4z, o 5 slux

1 Jolgeh 114 292 135 (S) ol

2 Pauletta 85.5 231 113.5 (S) ol

3  7112*SB36 - 243.2 - (S) ol

4  SB34 0.02 0.4 0.2 (R)pstae

5 SB33 0 0 0 (R) pslae

S: susceptible; R: resistance.

P s Bl 55 Al aes sl b5 s -F Ui
Table 4. Results of evaluating half-sib families against root-knot nematode

oo - o ol Y sl o 8 sluw ke
Row Gehotype Nematode species Isolate Number Average number
of larvae of root knot
1 SB33 M. javanica ol ! 750 0.08%
2 7112*SB36 M. javanica ol ! 750 243.2°
3 7112*SB36*SB33 M. javanica R 750 0.2¢
4 SB33-HSF-1 M. javanica R 750 (I
5 Pauletta M. javanica ol ! 750 231°
6 Julgeh M. javanica ol ! 750 292°
7 SB33-HSF-2 M. javanica ol ! 500 0
8 SB33-HSF-3 M. javanica ol ! 500 0
9 SB33-HSF-4 M. javanica ol ! 500 (I
10 SB33-HSF-5 M. javanica ol 500 0e
11 SB33-HSF-6 M. javanica ol 500 0e
12 SB33-HSF-7 M. javanica ol ! 500 0
13 SB33-HSF-8 M. javanica ol ! 500 0®
14 Pauletta M. javanica ol ! 500 131°
15 Julgeh M. javanica ol ! 500 107°
16 SB33-HSF-9 M. javanica St 500 02
17 Pauletta M. javanica S 500 85.5°P
18 Julgeh M. javanica S 500 1145
19 SB33-HSF-10 M. arenaria 500 0®
20 Pauletta M. arenaria 500 113.3°
21 Julgeh M. arenaria 500 135°

HSF: half-sib family; SB: sugar beet.
(P>0.05) wsla s e Ol okinslis alie e (o9 o oSl gndly sltel Sl Laosls
Data are averages of real numbers. Different letters indicate statistically significant differences (P>0.05).



...... é)t.ﬁpu“\;;,,\;;?uﬁ&vs)dgjupT

o5 S s S0 J e 3] ol
J_:.Al.éo.sj_aﬂ\_{.sbb\_&s)_:}dﬁ\j_é-
5 D5 sen SLaas g Shols iy 23500
Ol 53 S5 pon Ao ys 5035 DS 5550

-vu.’ﬁ Q)L&SA LAJ.:A\Q

1 22 S

56 7 8 9 1011 12 13 14 15 16.17 18 19 20 21 u
—
-
-
g

S jleslisal Ly J oS ge ol sl
SB33 6..14_“)&:‘_:&@9-(5\.&4_7}: 89 QSAJ?
4_36._»3&»05&5&43}{;’,le§ sls olas

e (Y JS8) Lin gy (oo 5wty L

===
-—

tobamst ST i 53l slo s AT 51 Jol (550585 AU 58 -Y S
S ¥Y Sale ¢ o555 DNA 0 e dals V) Sals SB33 o355 51 Juol> Yo b &K Sl
polie dals @ 5a3 YF $Shala 5wl Aals @505 VY Sl 55k i Voo (S oS e
Fig. 2. Electrophoretic patterns resulting from polymerase chain reaction with two pairs

of specific primers; Wells 1 to 20 obtained from Bulk SB33, well 21 negative controls

without genomic DNA, well 22 molecular markers 1000 base pairs, well 23 sensitive

control sample, and Well 24 resistant control sample
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Table 5. Results of combined variance analysis for white sugar yield of test
crosses in three regions of Shiraz, Mashhad and Miandoab

o eTe Sl (S

S0V, “=F e U DE Mean squares
Location O 2 513.59**
Replication (Location) O, 15 8.47
Genotype sy 15 42.04**
Location x Genotype wsssx o 30 23.86
Error bLs 225 4.92
CV.% (Ao)3) Sl o g o 15.06

Mﬁ@J\a::-lc]a.»):)b@mﬁbj)b@mgﬁsj:@ns}

KKk

** and ns, significant and not significant at 5% probability level, respectively

Llos s 4 03T addate 5t S5 Shee bl b ol S 5Kk dus lio =7 J 5
Table 6. Mean comparison of test-crosses in terms of white sugar yield in three

rhizomania-infected regions

LS SE 55 GESs 3 59) L S5 Shee sobTes S
Row Genotype White sugar yield (tha')  Statistical group
1 (7112*SB36)*SB33-HSF-1 12.33 bc

2 (7112*SB36)*SB33-HSF-2 12.17 bc

3 (7112*SB36)*SB33-HSF-3(SBSI1041) 12.86 b

4 (7112*SB36)*SB33-HSF-4 11.58 bcde

5 (7112*SB36)*SB33-HSF-5(SBSI042) 12.43 bc

6 (7112*SB36)*SB33-HSF-6(SBSI043) 12.68 bc

7 (7112*SB36)*SB33-HSF-7 11.38 cde

8 (7112*SB36)*SB33-HSF-8(SBSI1044) 12.15 bc

9 (7112*SB36)*SB33-HSF-9 115 bcde

10 (7112*SB36)*SB33-HSF-10 12.33 bc

1 Pars(T) fose dals 10.59 de

12 AryaR) pslis sl 10.42 e

13 Ludwina(R)  slis aslz 14.44

14 NovodoroR) ¢ stis dsls 12.13 bc

15 BomerangeR) ¢ slis wals 11.99 bcd

16 SharifS) .l sl 7.19 f

T. tolerant; R: resistant; S: susceptible.
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Table 7. Results of molecular testing with a linked marker for root-knot nematode
resistance gene (MEL) in hybrids

3, NS ol slan 05 shls el slis 05 e A
Row Genotype No. of plants MEL™ no. MEL* %
1 (7112*SB36)*SB33-HSF-1 36 28 78

2 (7112*SB36)*SB33-HSF-2 36 25 69

3 (7112*SB36)*SB33-HSF-3(SBS1041) 36 25 69

4 (7112*SB36)*SB33-HSF-4 36 32 89

5 (7112*SB36)*SB33-HSF-5(SBSI1042) 36 32 89

6 (7112*SB36)*SB33-HSF-6(SBS1043) 36 26 72

7 (7112*SB36)*SB33-HSF-7 36 18 51

8 (7112*SB36)*SB33-HSF-8(SBSI1044) 36 12 33

9 (7112*SB36)*SB33-HSF-9 36 18 50

10 (7112*SB36)*SB33-HSF-10 36 27 75

11 Pars (T) fose dals 36 1 3

12 Arya (R) pslis aals 36 2 6

13 Ludwina (R) stis wals 36 0 0

14 Novodoro R) pslis aals 36 0 0

15 Bomerange (R) ¢ lis sals 36 0 0

16 Sharif S) sl dals 36 1 3

T: tolerant; R: resistant; S: susceptible.

SllS Ll 5 55 M. Javanica & o Covtie glads yop (o5 55 Caeslie o501 -A s
Table 8. Phenotypic resistance evaluation of selected hybrids against M. javanica under
greenhouse conditions

[Ty S n;:b\;{. L;.L'..:o};

Row Genotype Number of root knot  Classification
1 Sharif (S) Ll dals 292 ©) ol
2 Pauletta 231 (S) ol
3 Sanetta 169 (S) ol
4 Fernando 73.6 (S) ol
5 Succara 252.7 (S) ot
6 BTS213 114 (S) ol
7 Toucan 221 (T) Joomze
8 (7112*SB36)*SB33-HSF-3(SBSI041) 8 (R)pstas
9 (7112*SB36)*SB33-HSF-5(SBSI042) 0 (R)pstas
10 (7112*SB36)*SB33-HSF-6(SBSI043) 0 (R)pstas
11 (7112*SB36)*SB33-HSF-8(SBSI044) 1.4 (R)pslas

T: tolerant; R: resistance; S: susceptible.
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Table 9. Phenotypic and genotypic evaluation of test-crosses against rhizomania disease

. (R2) Llayzy e Sl 5y s BN \:“L‘})‘i) <5)L~4 UDL: oSl BN ‘-_JL‘LE).&S)L%. u"'L‘: oSl
) S Percentage of the dominant et sbghll R
Row Genotype . . Average rhizomania disease index ~ Average rhizomania disease

maker of rhizomania (Rz--) - . . . : ;
in Shiraz experiments index in Mashhad experiments

1 (7112*SB36)*SB33-HSF-1 90 3.67 2

2 (7112*SB36)*SB33-HSF-2 59 4 3

3 (7112*SB36)*SB33-HSF-3(SBSI041) 69 35 1.83

4 (7112*SB36)*SB33-HSF-4 60 4 2.67

5 (7112*SB36)*SB33-HSF-5(SBS1042) 70 3.17 1.83

6 (7112*SB36)*SB33-HSF-6(SBS1043) 88 3.17 2

7 (7112*SB36)*SB33-HSF-7 84 35 1.67

8 (7112*SB36)*SB33-HSF-8(SBSI044) 84 3.67 1.67

9 (7112*SB36)*SB33-HSF-9 80 3.83 3
10 (7112*SB36)*SB33-HSF-10 78 3.83 1.83
11 Pars (T) Jumzs dals 75 4 3.67
12 Arya (R) pslae aals 75 3.83 35
13 Ludwina (R) pslis aals 100 2.83 1.67
14 Novodoro (R) ¢ slis aals - 3 1.33
15 Bomerange (R) ¢ slis aals 100 3.67 2
16 Sharif S) .l s - 5.67 6.33
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Table 10. Combined variance analysis of root yield, sugar content, and white sugar yield

traits of sugar beet genotypes in four regions over two growing seasons

Sl e

6315T 4y Mean squares
S.O.V. Dl s DE. oS i oSl S
Rootyield  White sugar yield Sugar content
Year Jl 1 2212.23** 44.04** 2.59ns
Location R 3 14631.85ns 735.38ns 671.87**
LocationxYear O x Jlw 3 7075.27** 190.77** 10.63**
Replication (LocationxYear) (O x Jw) L6 24 25.157 0.63 0.98
Genotype P 7 131.59** 4.82%* 1.24**
LocationxGenotype cogix ol 21 542.3** 20.45** 3.53**
YearxGenotype 5% 7 131.59** 4.82** 1.24 ns
LocationxYearxGenotype Cogix oex Jl 21 109.65** 2.86* 1.68 ns
Error L= 168 51.04 1.62 1.04
C.V.% (des)3) O ok oy o 14.39 15.65 6.43

Ao gy Jleal el 53 I gne b 5 s dme o 54 NS Pl
** and ns, significant and not significant at 5% probability level, respectively

a
b
bc bc c c
d
I |
Rosier Castile SBSI042SBS1043SBSI1041SBSI044  Arya  Sharif
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~
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e 09037 3 s S5 Shos o o by o (gl om 5 S0bos i ¥ ST
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Fig. 3. Mean comparison of new hybrids based on the average white sugar yield
in the value of cultivation and use (VCU) test
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ABSTRACT

Mahmoudi, S. B., Soltani, J., Darabi, S., Ahmadi, M., Pedram, A., Norouzi, P., Rajabi, A., Ebrahimi Kolaei, H.,
Sadeghzadeh Hemayati, S., Taleghani, D., Mohammadian, R., Kakuei Nezhad, M., Vahedi, S., Aghaeezadeh, M.,
and Moaven, E. 2024. Asia, the first monogerm sugar beet cultivar resistant to rhizomania virus and root-knot nematode in
Asia. Research Achievements for Field and Horticulture Crops Journal 13 (1): 111-132. (in Persian).

Sugar beet is one of the hosts of root-knot nematode (Meloidogyne Sﬁp.) and the virus
causing rhizomania disease (Beet necrotic yellow vein virus, BNYVV). The use of resistant
cultivars is considered the simplest and most effective method for managing plant diseases. In
the effort to develop a sugar beet cultivar resistant to both rhizomania and root-knot nematode,
two populations carryln% resistance genes to these diseases were identified and selected. From
the target population, 10 half-sib families were developed and crossed with the single cross
monogerm 7112*SB36, resulting in the development of 10 monogerm h¥brids. The evaluation
of these hybrids for quantitative and qualitative traits led to the selection of four superior hybrids
including  (7112*SB36)*SB33-HSF-3(SBSI041), (7112*SB36)*SB33-HSF-5(SBSI1042),
(7112*SB36)*SB33-HSF-6(SBSI043), and (7112*SB36)*SB33-HSF-8(SBSI044). The
combined data analysis and comparison of these hybrids with a domestic rhizomania-resistant
control (cultivar Arya) and two foreign resistant controls (Castile and Rosier), and a susceptible
cultivar over two years in rhizomania-infected conditions across four regions (Mashhad, Shiraz,
Hamadan, and Qazvin) showed that all four hybrids exhibited significant superiority over the
domestic resistant control. Among the hybrids, (7112*SB36)*SB33-HSF-6(SBSI043) was
recognized as the best domestic hybrid in the evaluation of new domestic cultivars' agronomic
value across seven infected and uninfected regions, with an average white sugar yield of 8.79
tha, ranking behind the two foreign controls. This diploid monogerm hybrid, as the first
cultivar with dual resistance to rhizomania and root-knot nematode, was registered under the
trade name "Asia" and introduced for spring cultivation in different regions of the country,
particularly those affected by both diseases, as well as for export to Azerbaijan, Syria and Egypt.

Key words: Sugar beet, Rhizomania, Root-knot nematode, Resistant cultivar, Half-sib
family, Monogerm single-cross.
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