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Extended abstract
Introduction

Sugar beet (Beta wvulgarisL.), belonging to the
family Chenopodiaceae, is a biennial root crop known
for sugar production after sugarcane. Rhizomania and
root rot are considered as the most deleterious diseases
for sugar beet production and consequently sugar
industry. These diseases result in significant yield losses
and influence grower profitability. The most efficient
way to deal with the disease is to use resistant cultivars.
Researchers have introduced various indices to increase
selection efficiency. One of these indices is the SIIG
index, which was introduced to integrate different
methods of stability analysis. For its calculation, a
variety of indices and traits with different natures and
units can be used, increasing the efficiency of selection.
Considering that selecting desirable cultivars with
specific and desired characteristics by a single trait alone
may not lead to desirable results, in this study, the ideal
genotype selection index was used to integrate
important traits related to quantitative and qualitative
yield for better evaluation of hybrids and identification
and selection of ideal hybrids.

Materials and Methods

In order to select the ideal hybrid in terms of all the
evaluated traits, 16 hybrids obtained from test cross

along with domestic control called Dena and three
foreign controls called FD16B3013, Urselina and
BTS1930 were evaluated based on randomized
complete block design with four replications in five
locations of Karaj, Miandoab, Mashhad, Shiraz and
Hamedan in 2023. After land preparation including
plowing, disking, leveling and plotting, the experiment
was planted in late March. The studied materials were
evaluated in experimental plots consisting of three rows
of 8 m length with 50 cm row space and 18 cm distance
between plants in a row. Roots were harvested and
weighed in the second half of October, and root yield for
each cultivar was converted into t ha. In order to obtain
pulp sample, 30 roots were randomly selected from each
plot. Roots were washed and weighed, the pulp was
prepared in the laboratory, and after freezing, it was sent
for qualitative analysis and determination of qualitative
related traits including sugar content, white sugar
content, root a-amino nitrogen, sodium, and potassium
content, alkalinity, extraction sugar coefficient and
molasses sugar content. After collecting data from all
regions, combined ANOVA, mean comparisons in
terms of measured traits and correlation coefficients
between traits based on the average data of all regions,
as well as the heritability of traits based on the estimated
amount of genetic, environmental and phenotypic
variances and genotypic and phenotypic coefficients of
variation were performed using SAS V. 9.0 software.
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Finally, in order to evaluate phenotypic diversity and
integrate the evaluated traits to determine the ideal
hybrid, the ideal genotype selection index (SIIG) was
calculated using Microsoft Excel.

Results and Discussion

Bartlett's test confirmed the homogeneity of variance of
experimental errors in the studied regions. Therefore, a
combined ANOVA was performed to examine the main
effects and the interaction between the source of
variation. According to the results of the combined
ANOVA, the effect of location on all evaluated traits
was significant at the (P < 0.01). Also, the difference
among cultivars in terms of all evaluated traits (except
for potassium content) was significant (P < 0.01), which
indicates the existence of genetic diversity among
studied cultivars and hybrids, and since the existence of
diversity is one of the main pillars of breeding, it
contributes the breeder to select desirable plant
materials. Since one of the most important stages in
breeding program is determining an index for the
screening of the plant materials, and the occurrence of
different hybrid ranking in terms of each trait, the
accurate selection of the best hybrid is not possible.
Therefore, in order to screen the best hybrid by
considering all the evaluated traits at the first stage, all
hybrids and cultivars were ranked separately in terms of
each trait. Then, the total ranks were calculated for each
of the hybrids and cultivars. The hybrid or cultivar with
the lowest and highest total rank values were identified
as the best (rank 1) or the weakest (rank 20),
respectively. Based on the results obtained, after
identifying BTS1930 as the superior cultivar, hybrids
No. 12, 9, 8 and 14 were ranked second to fifth,
respectively and had a good relative advantage over two
other foreign controls Urselina and FD16B3013, which
were ranked as sixth and eleventh, respectively. The
domestic control cultivar Dena (No. 17) ranked ninetieth
and showed a significant difference in terms of rank with
the superior hybrids of the new generation, which
indicates genetic progress and response to appropriate
selection of the new generation hybrids compared with
older cultivars that can be registered and introduced as
new cultivars. The results of calculating the SIIG index
based on the average of traits in all regions in terms of
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identifying ideal cultivars and hybrids were largely
consistent with the results of their ranking as mentioned
before. Based on both calculations, hybrids number 12
((201-9*301-11) * S1 —980133) and 9 ((201-9*301-11)
* 51 —980126) had a more favorable status than other
hybrids. Therefore, these two hybrids and, in the next
stage, hybrids number 8 ((201-9*301-11) * S1 —
980119) and 14 ((201-9*301-11) * S1 —980139) can be
introduced as superior and ideal hybrids and can be used
for supplementary research. Of course, in this research,
in addition to presenting the results of calculating the
SIIG index, a two-dimensional diagram of the
classification of hybrids and varieties based on SIIG
index and sugar yield as the final yield of sugar beet crop
based on the average of all regions was also drawn to
screen and identify ideal hybrids. Hybrid No. 12 ((201-
9*301-11) * S1 — 980133) had a more favorable status
than other hybrids, and therefore it can be introduced as
a superior hybrid overall.

Conclusion

Overall, results showed that the SIIG index was able to
identify ideal cultivars and hybrids and in accordance
with the results obtained from the ranking of cultivars
and hybrids in terms of all evaluated traits. This index is
a selective model and is used to select the most ideal
cultivars and hybrids. In other words, using the SIIG
index, different traits can be converted into a single
index and the selection of superior genotypes can be
done more accurately and with less bias in different
breeding programs.

Keywords: Dominant diseases, Ideal hybrid, Selection,
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Table 1. Characteristics of the studied plant materials

&) S EPNCRIC oSy ) )] Sty 025 oSy
Row Hybrid pedigree/cultivar Co. Row Hybrid pedigree/cultivar Co.
1 (201-9*301-11) * S1 — 980059 SBSI 11 (201-9*301-11) * S1 — 980128 SBSI
2 (201-9*301-11) * S1 — 980065 SBSI 12 (201-9*301-11) * S1 — 980133 SBSI
3 (201-9*301-11) * S1 — 980066 SBSI 13 (201-9*301-11) * S1 — 980135 SBSI
4 (201-9*301-11) * S1 — 980073 SBSI 14 (201-9*301-11) * S1 — 980139 SBSI
5 (201-9*301-11) * S1 — 980081 SBSI 15 (201-9*301-11) * S1 — 990098 SBSI
6 (201-9*301-11) * S1 — 980089 SBSI 16 (201-9*301-11) * S1 — 990136 SBSI
7 (201-9*301-11) * S1 - 980111 SBSI 17 Dena SBSI
8 (201-9*301-11) * S1 — 980119 SBSI 18 FD16B3013 Florimond Desprez
9 (201-9*301-11) * S1 — 980126 SBSI 19 Urselina KWS
10 (201-9*301-11) * S1 — 980127 SBSI 20 BTS1930 RHC Beta seed
SBSI: Sugar Beet Seed Institute A8 )iy A g g Mol Glisdsd duule :SBSI
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Table 2. Geographical characteristics and physicochemical condition (depth 0-30 cm) of the soils of
experimental conducting regions
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e 50'562°E 35B0°'N 1244 7.2 085 137 275 507 37.3 414 213 Clay
Karaj I
oam
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st e po)
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0o ) F?J
8;1)'#“ 54°33’E 28°45'N 1185 7.8 201 076 44 264 346 364 29 Clay
iraz loam
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Table 3. Combined analysis of variance of the evaluated traits
Slyais glie x> (MS) Sl 3:5ke
S.0V d.f RY® SC Sy WSY Na K N Alc  WSC ECS  MS
ol , 340939" 1501" 13234" 8728 1111° 84.29° 2002° 679.1° 166.2° 510.7° 5.82°
Loc. . Y N < . " Y . . . .
E;ruofl 15 16182 4.6 8.35 754 407 132 075 972 373 6166 0.86
N 19 1001.7% 561" 3396~ >0  730™ o041 210" 878" o992~ (44l 076
Geno.
O x5 - .
GenoxLoc 76 24277 1777 863" 6587 199% 031™ 065" 4177 299" 2083 024
v ks
Erora 285 824 1.18 2.91 239 08 037 023 226 191 1461 0.6
ey ~L l
_,&wG) \L;w,.)s 50.47 0.22 1.55 1.04 033 0002 009 033 040 299 003
G E \7“’ b 82.4 1.18 2.91 239 08 037 023 226 191 1461 0.6
. aa ~L l
W;E ‘\J/»«)s 132.87 1.40 4.46 343 113 0372 032 259 231 1760 0.9
95 Oy oy
(2o9) 11.67 271 1167 1183 1908 085 1299 1078 453 215  6.32
GCV(%)
S Sy Gy
(103) 18.94 6.84 1979 2149 3532 1164 2449 3019 1088 522 1591
PCV/(%)
iy sl
s i’f ”? 0.38 0.16 0.35 030 029 001 028 013 017 017 0.16

o) S Jlosin ] prdaws )0 )5 Gize g )5 gime i 4 i g NS

cooMo 438 00 )3 :MS ¢ S5 Ll pis (ECS weylls o i :AIC iy 0o
ns and **: Non significant and significant at 0.01 probability level, respectively

“RY: Root yield SC and WSC: Sugar content and white sugar content; SY and WSY:: Sugar yield and white sugar
yield; Na, K and N: Root sodium, potassium and a-amino N content Alc: Alkality coefficient; ECS: Coefficient of

sugar extraction (%); MS: Molasses sugar (%0).
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Table 4. Mean comparison of the evaluated traits based on the average data of all regions

EE]

RY* SC SY WSY Na K N Alc WSC ECS MS
Genotype

1 70.41° 16.79¢h 12,06 9.7 29249 502  2.096%  4.28%° 13.50°¢ 80.1%c 2,69
2 58.25¢F  17.39*F 10.3%9 8499 28699 523 248b¢ 455% 1408 80.7%  2.70°¢
3 55.1199  16.92¢" 94" 7.5 3.120d  531%c 2100 523 1354bcd  79.gac 2 7ghed
4 53.89%" 16.63f" 92  7.3ehi 3 72bc 520 229d9  §50% 13.06%% 77.9¢ 297
5 60.72¢%  16.429" 10249 8.0%h  3.70°c 514%c 278 508w 12.84%  76.9%  208P

6 48441 17.41%F 8.5 6.9 29499 534®c 260 4,79% 14,04%c g0.3%c 2.77°¢
7 555449 17.44% 9g8eh g Qth 257¢f0  526Wc 249> 408 14228  813®  261%
8 59.86%F 17.69%¢ 10.7%de g7cde 2.62¢f9  523Wc  p3ndef 4 gpede 1448  81.7®  2,60%
9 54.92°¢  18.09° 10.1%9 8.4%f 2349 528%c 220fdh 4.98cd 14,982 8272 2.51¢%
10 60.11¢F 17.78%c 10.8>¢ 8.8%%* 26899 543 19997 596%°c 1452%  81.4®  2.66%
11 63.14° 17.53%¢ 112b«d g1cd 27849 528Wc 2 4pcf 5pQede  1425%  812®  2.68%
12 60.52¢% 17.90% 10.9°¢ 9.1% 238" 515 210" 506 14.83*  82.6° 2.47¢

13 62.32¢ 17.60%¢ 111t 90k 27199 540 2.35%f 5360k 1431 80.9®  2.69°¢
14 61.34%¢ 17,7274 10.9>¢ g9 25@efs 532 2 3pdg 498 1451® 817 2.61%
15 51.149" 17.069  8.9" 7.20 2.47%%9 5543 2420 497  1379°d  gQ.5c  2.67%
16 61.44% 16.97¢9 10.5¢F  g.4def  3,03df 5o5dc D 7pac 5 jede  1358kd  79.gbc 2 79bcd
17 61.78%  16.18" 10.2%9 7.9 4642 524%c 2120  §.27®  12.30° 75.1¢ 3.282

18 64.09¢ 18.022  11.7°¢ 9.7%¢ 2.75%9  4.92¢ 1.90M 565%  14.922 82.72  2.50%
19 77.090  17.42*F 1358 109 3.33%¢ 520%c 1821 6.30% 14.03% 80.3%c 2780
20 77.028  17.17°9  13.4% 10.7® 4.08®° 504  1.70) 6.612  13.50b«d  78.9bc«d 2 .9gb

Wlioe 18y b oy 93 (58be (o I gine SMS] 3g2g pae | (S alie gy

9 sl uader e oy 4N g KINAL (S 5 ) palls g (eIl s 5,Sles WSY 4 SY ¢ ol § allbb w8 1o, WSC 4 SC ([l 3 () 4y 3,Skes :RY®
oMo 138 10,5 M (103) S5 Jlasxial o5 EECS 1plll i AAIC i) yrad )5 Voo )3 25 (Vly (STiduo) sy 020 (5590

letters indicating non-significant difference between two hyb./cul. means

“RY: Root yield (t.ha*); SC and WSC: Sugar content and white sugar content (%); SY and WSY: Sugar yield and white sugar yield

(t.ha); Na, K and N: Root sodium, potassium and a-amino N content (Meq.100g+* root); Alc: Alkality coefficient; ECS: Coefficient

of sugar extraction (%); MS: Molasses sugar (%).
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Table 5. Ranking of studied plant materials in terms of evaluated traits

L]
Genotype

Y* SC SY WSY Na

9 17 1 15 12 1 13
8 13 6 10 10 6 9
14 9 5 8 8 4 16
19 1 10 1 1 16 7
10 12 4 9 9 7 19
11 5 8 5 5 10 14
1 3 17 3 3 12 2
13 6 7 6 7 8 18
20 2 13 2 2 19 3
7 15 9 16 15 5 12
2 14 12 12 11 11 8
15 19 14 19 19 3 20
16 8 15 11 13 14 11
6 20 11 20 20 13 17
3 16 16 17 17 15 15
5 10 19 13 14 17 4
17 7 20 14 16 20 10

11
10

13
20
12

16
15
14
18
17

19

K N Alc

[l
H,\)mmmb\l

13
11
17

Ay ggoxo L)
Sum of rank Final rank

WSC ECS MS

1 1 3 79 3
6 4 4 83 4
5 5 6 84 5
12 13 15 96 6
4 6 7 97 7
8 8 9 97 8
17 14 10 102 9
7 9 11 105 10
14 17 19 112 11
9 7 5 115 12
10 10 12 117 13
13 11 8 145 14
15 16 16 146 15
11 12 13 157 16
16 15 14 159 17
19 19 18 163 18
20 20 20 171 19

35950 9 el e liee iy 4N g KNA (alls § alBb a8 5,Sles :WSY 4 SY ¢ alls 5 (2B 48 1o )3 :WSC 3 SC ey 5,Sles :RY*
oMo 18 00> :MIS (S5 Jlastsl g i (ECS teull o 1o JAIC iy 0y0

“RY: Root yield SC and WSC: Sugar content and white sugar content; SY and WSY: Sugar yield and white sugar yield; Na, K and
N: Root sodium, potassium and a-amino N content; Alc: Alkality coefficient; ECS: Coefficient of sugar extraction; MS: Molasses

sugar.



NG

5 Loyl FDI16B3013 o)1 sl s, o by L
5 by pl5,) 03g ,6She asl ke Ll 4, BTS1930
aly Bl A,z V8 938 & o)les (clasy yun g BTS1930
OAlBL 18 3 Sles 4l 4 dog bl olais] s
e sl 55 20 18,000 Jpuamo 5 2,Shee olyic
SIG S 55 sy yan 5 pB) S o sl 35 o
FD16B3013 5 Ll o5, 5l o wnsl 05 1,1 5 Jgas 53
Sy S 53 (5 FIV 9 FIA alBb a8 5 Slos b a5 4
295 |y (S )3 (5 FIV) cdo ol Jlade 0 SYL Y o)led
1y SHG Jlaie i (ol 31 g (5 Jpir) oo ol
wly dyen ol gie 2,5 adlate 5 11 sl e Ll 50
) 31 dn e ailate )3 ged Sl W pd p ik Olgis
SIG s i b ) ojles 3yyen BTS1930
o) @) dihie My dikie pl > g (+/V0)
15 o5 V) Lalbl 18 5 Slas ko oy 5YL |, BTS1930
s 3)50 (LS Slge ploo o 53 (elio oSOl I (S
ol 53 (+/55) SHG Llod a5 VY o jlauds 4y pusd g0 10595 5
Mo by @ ¥ 5 ¥ & o)lad by c8)5 )18 woniy
O pcuns Glgie 4 /¥Y 5 o /YY < /¥Y L uln SHG o0
0alBL a8 > Slos 5l as" wud ool ddlaie (pl 0 oy yun
My 5o (WS )3 5 IV g FIV XV co ) b
S 9 5 eilie 15lad A o)l 1 5 Jpi2) oy
8) 5| dm owiomen 9 <85 )13 gl 4, 3 SHIG 4 g
1 -IVY asls ol L VE 5 VY (slasy o FD16B3013
dibaio ASlon ji3 dilaio (pl 3 48)5 )15 o)l 9 pgw oS>
solls ;> BTS1930 4 (Urselina) Luw sl p6)l iz ,S
0365 52 sl Cundg Sl 55 6o B 08 9 8,5 8 3
LN oyled glady youts g FDI6B3013 13, (5 Jiz) 390
Lyl SHG (s310 pdlio b i 4 Olgaibo dibato 0
S & by pilex U Jol gy </8Y o +/EY /55 o /FA
Jlossl 5 5y glossymn g o) plyis 4 5 ol olazs]
Jols cailaie oyl 3 cipms elbdpyen ns ol
2l Bl Glaas, o 55e F gV 08 o)lad sloss pun
w8y il aSol 4 e g b ol olaidl sgs 4 SHG bl
33 5,Slas |y iy 4 BTS1930 4 FD16B3013 5 )15

VEY Vojloss [+ ala /a8 1tk

BTS1930 o3, ool jl dn cosel Conts gl ol p
G 4 W g A& AY o)lad oy iy o8, olsica
18) 97 4 Cumd g 203> olaidl 353 & 1) woxiy B pgd 4,
1 iy 4 45 FD16B3013 5 Lyl sl) S5 o)l alis
My orlio (s g 5l (W85 3NN o F ol
Sy o 2byl 2)90 Slio 4lS Llod 4 ggecme ) iy,
A5y 5008 Lol by yen o piims lyie 4 F o)lods

(D Jasa) oy [olaisl 5gs 4 1y
b g <85 515 oGl )3 (W ojled) Us (31> aali 3,
Sobsire ST olSle Llod jl i Jud 5y (slosy o
ulio (2035 4 gl § (SWB5 Sy I (Sl oS L
oS Llgo god Pl L duslie o > s glay yon
4 (e 3)S By g Cuf e o) e 4 il e
Wl j5b & dilaio o gl by ju o i QLI jlaie
IHisegos )5) 3blie plas (sl 5 (popad 5)5l0)
85 9 (o5 2Nee b s ye 0ad (Sl Clas 48 L
(SNG) Jlow) o bl (adlis 5l plojon sobo 4,
elmodl |zl adlais 1o 45 .003,5 o3lizl (Zali et al. 2015)
Gy oodd Jbyp slrodly jl g Buis Jboy Glaw 4 baye
e 85 Gl (5 Jsis) 15 odlizl SIG anslse
MMz pp sl pite S U jho ( a3lS ol Slpeis
@ sl S5 G e 4 Sy b glp pasll (oo
3 s ol g 029 Jlon) quigy 5l alol a8 ine
939 dnlgd J13)05 o oy o 4y & Cod (5 5VL Capgllae
yokaie 4y 3> opl > cpined L(Zali et al. 2017) S
bbby & o9l p 058 (adld (pl awbe
ABL 5 palls a8 5 Sles ady; 3)Slos polie (o it
b iy S Jlasdil co s g palBl g pall 48 o)y
O39r 5 meoly uaies) ady) o palB L jolie (ST,
s Jlol poMe 38 aoyd g Cplld oy fopan
oSke g dilaio o SSE 4 SHG dwwlxe | ol ol
Cundy guls bl ol oads Gl £ Jous o sblie S
AY oyl ey e S dilate )3 05 sl Jiglesl 5l ol
oKl 3 SHG (goxe jlase Bd a4 i 4 Ve g AN A
oLl b (g pRady S gy 5 w85 )8 ooy b gl



wlilogia) 4 polie (sl wl S (505 9 (b))

N ojlod oty s el 3l g Jlonsl pBl i 4 (e

Joia) 1 ololis Jlossl 3y pus 5l adlold oy piin b cpmis
i

S WY o)leds Wyon S o 5 VO 9 WYY B
Lo ool 1 (G )3 5 VOIF) 33 Cado o) Jlado oy piis
13,5 slolis Olgsibe adhaie > Jloss) Myud fleie 4
9 (Urseling) Lulwysl sl ¢ loon ddlaio > (5 Jgis)
9 (+IYA g «IAe 55 &) SHG Hlsdo oy pui L BTS1930

5 W) Al 45 5Shes ke n it e

il bl 3 bl 35 ey 1B 3 Ses 4 (SIIG) Jlosy) gy ol jasls £ Jess
Table 6. Selection index of ideal genotype (S11G) and sugar yield in studied genotypes over different regions

Olgile blo
) &S 595 e ) e <% Miandoab) =¥ Olen 595 "bA”JS
Genotyp Karaj  Genotyp Mashhad Genotyp Shiraz  Genotyp ( Genotyp Hamedan Genotyp regions
_ —_ f — f — 8
SIIG SY SIIG SY SIIG SY SIIG SY SIIG SY SIIG SY

14 0.74 5.9 19 0.70 11.3 12 0.73 15.1 9 0.63 134 1 0.75 124 19 0.67 135
8 0.71 5.8 13 0.69 10.9 14 0.73 153 5 0.62 14.8 16 0.69 11.7 14 0.64 10.9
10 0.71 5.7 12 0.66 10.4 2 0.71 158 19 0.61 15.0 11 0.68 11.1 8 0.62 10.7
7 0.69 4.9 8 0.63 10.3 3 0.71 156 15 0.56 12.0 12 0.67 111 11 0.61 11.2
15 0.69 55 10 0.60 10.0 15 0.70 15.6 12 0.56 11.9 8 0.63 10.7 9 0.61 10.1
13 0.68 5.2 14 0.56 8.8 7 0.70 14.6 14 0.52 142 18 0.62 938 13 0.61 111
11 0.67 55 7 0.53 8.8 10 0.69 144 17 0.52 13.0 2 061 94 10 0.61 10.8
0.66 6.3 11 050 9.1 8 0.68 14.3 10 0.50 13.9 14 0.58 10.5 1 0.60 12.0
0.63 4.9 5 0.49 85 16 0.68 15.8 2 0.50 145 13 0.55 9.7 20 0.57 134
0.59 53 18 048 7.8 13 0.67 15.7 8 0.49 123 10 0.54 10.2 2 0.56 10.3
0.57 5.3 9 047 7.0 1 0.65 154 13 0.49 138 6 054 81 7 055 938
0.57 45 16 046 7.4 11 0.64 14.7 20 0.49 157 7 051 8.7 15 0.50 8.9
0.56 4.8 2 044 7.4 6 0.64 143 6 0.48 113 9 041 6.8 16 0.50 10.5
054 51 15 0.38 5.5 5 0.61 15.3 1 0.46 13.6 3 0.40 6.9 3 0.48 9.4

18
3
1
5
2
4

16

19
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Hybrid No. 17 is the domestic control and hybrids No. 18, 19 and 20 are foreign controls.
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Table 7. Correlation coefficients Selection index of ideal genotype (S11G) with quantitative and qualitative

related traits of different genotypes in the studied regions
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*and **: Significant at 0.05 and 0.01 probability level, respectively.
*RY: Root yield SC and WSC: Sugar content and white sugar content; SY and WSY: Sugar yield and white sugar yield,;
Na, K and N: Root sodium, potassium and a-amino N content; Alc: Alkality coefficient; ECS: Coefficient of sugar

extraction; MS: Molasses sugar..
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Fig 1. Two-dimensional diagram of the classification of studied genotyps based on selection index
of ideal genotype (SIIG) and sugar yield (SY) according to on the average of all regions
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