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Extended Abstract

Background: Sugar beet, as one of the two main sources of sugar production in the world, plays
a vital role in food security and the sustainability of the agricultural economy in various countries.
Given the growing global population and increasing demand for sugar, the continuous
improvement of this plant's genetic potential is an undeniable necessity to achieve higher yield,
desirable quality, and adaptation to changing climatic conditions. The primary goal in sugar beet
breeding programs is the simultaneous improvement of root yield and technological quality (high
sugar content and low impurities). However, achieving this goal has always been a fundamental
challenge in breeding programs due to the physiological negative correlation between these two
traits. This physiological trade-off necessitates the use of advanced statistical and selection
methods to identify genotypes with an optimal balance between traits. Nevertheless, the
cornerstone of any successful breeding program and the efficiency of selection methods depend
on the existence of sufficient genetic diversity in the base population. Accordingly, the accurate
evaluation of germplasm and the estimation of genetic parameters provide valuable information
for breeders to formulate the most effective selection program. In this context, the present study
was designed and conducted to evaluate the genetic potential and select superior sugar beet
hybrids based on the analysis of quantitative and qualitative traits to identify superior hybrids for
introduction into advanced trials and to select promising parents for future crosses and the
development of new genotypes.

Methods: This study was conducted at the Motahari Sugar Beet Research Station in Karaj,
affiliated with the Sugar Beet Seed Institute (SBSI), during the 2023 growing season. The plant
materials consisted of 140 experimental hybrids, along with four foreign check varieties. A
preliminary yield trial using an augmented design with five incomplete blocks was employed to
accurately evaluate this large number of genotypes. By replicating the check varieties in all
blocks, this design allowed for the control of environmental error and the estimation of adjusted
trait Values for the unreplicated hybrids. All agronomic practices were carried out according to
the standard protocols for the region. Key traits, including root yield, sugar content, and sugar
yield, were evaluated at the harvest stage. Statistical analyses were performed using R software.
Data were first adjusted based on the statistical model of the augmented design. Then, an analysis
of variance was conducted to assess the significance of genetic differences. Genetic parameters,
including phenotypic and genotypic variances, phenotypic and genotypic coefficients of variation,
broad-sense heritability, and expected genetic advance from selection, were estimated afterward.
The selection index of ideal genotype (SIIG) was applied for simultaneous selection based on
multiple traits and to identify genotypes close to the ideal genotype. Finally, to classify the
genotypes and investigate the genetic structure of the population, cluster analysis was performed
using Ward's method based on Euclidean distance.

Results: The results of the analysis of variance indicated significant genetic variation for root
yield and sugar yield among the studied genotypes, which is the primary prerequisite for
successful genotype selection. In contrast, no significant differences were observed for sugar
content, neither among the entire set of genotypes nor within the hybrid and check groups, which
could be attributed to the limited range of genetic diversity for this trait in the experimental
materials or the predominant effect of the environment during the experimental year. The
estimation of genetic parameters provided deeper insights into the genetic control of the traits.
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Root yield and sugar yield exhibited very high broad-sense heritability along with considerable
expected genetic advance. This finding, particularly when combined with the considerable
expected genetic advance, indicates the predominance of additive genetic effects in the control of
these traits and implies that direct phenotypic selection can lead to their genetic improvement
with high efficiency. Conversely, the low heritability estimated for sugar content demonstrated
its greater susceptibility to environmental factors and the complexity of its genetic control in this
set of plant materials. In the mean comparison, hybrids (such as 35458 and 37350) exhibited a
significant superiority over the checks, with root yields exceeding 114 t.ha™'. In terms of sugar
yield, genotype 35458 recorded 17.61 t.ha™, a performance on par with the best commercial
check. The SIIG index was employed for multi-trait selection. The check variety BTS6975N (with
a score of 0.88) and the hybrid 35458 (with a score of 0.85) were identified as the closest
genotypes to the ideal genotype. The high consistency between the results of this index and the
mean comparison analysis further validated the superiority of the identified elite genotypes.
Finally, cluster analysis classified the genotypes into five distinct groups. The superior genotypes
were mainly placed in the high root yield and balanced and high-quality clusters. The significant
genetic distance between these clusters promises a high potential for heterosis in future crosses
utilizing the parental lines of these hybrids.

Conclusion: This research successfully demonstrated that the studied germplasm is a rich source
of genetic diversity for sugar beet improvement. Elite hybrids (such as 35458, 37412, and 37352)
were identified as superior candidates for advanced stages of breeding programs or for
introduction to farmers. The results clearly indicate that, within this genetic collection, focusing
on selection for high root yield is the most effective and efficient strategy for achieving maximum
sugar yield. The genetic grouping obtained can also serve as a practical roadmap for designing
targeted crosses and exploiting the existing genetic potential to produce the next generation of
superior hybrids.

Keywords: Cluster analysis, Genotype selection, Genetic parameters, Root yield, Sugar beet,
Selection index

How to Cite This Article: Jafari Solhdarkalaee, R., Sadeghzadeh Hemayati, S., Mostafavi, Kh., Saremirad, A., &
Mohammadi, A. (2026). Evaluation of the Genetic Potential and Selection of Superior Sugar Beet Hybrids Based on

Root Yield and Technological Quality. J Crop Breed, 18(2), 103-116. DOI: 10.61882/jcb.2026.1625



http://dx.doi.org/10.61882/jcb.2026.1625
https://jcb.sanru.ac.ir/article-1-1625-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/jch.2026.1625 |

=

| IR/ OO VE O IY ojlosis [pbion o /2y lalS el 4ol yingss

Sl b @alle g (553U gl il

by g A8 ks 55 0 W pd (035 9 (ST Jamily (2L,
SIPPS CueS 9 3,500

0 € v 5 AL o I )y s 5
G dlaus ¢ 531y w04lo de § gatlaian d31A T Zlos 8315 50bo wurw ! SIS Jlasdio (g phxs g,
ol 5 Ml I oS3 8 515 (LS £l 5 Sl 09,5 -8 5T
(s.sadeghzadeh@areeo.ac.ir : Jggue 0l 53) <yl yal @53 «65y9lsS zusys 5 ijgel «Olisios ylojlo i ylizy 4 ds g Mol Gliiss Ao dliwl =Y
Olrl @55 «5y9liS @y g Wjgel i ol B iuiiy )dy and g ol CliioS duge sl —F

VEEAY/N bl ol VECFN VA ol g o VECF/VIY el oyl
M B Y aoin

by 0452
gl Loy (555l Sl gyl 5 e coel 3 1) Sl (28 loz 3 55 g Lol e 93 | (S gl W8 i 1AM 5 dedde
9 ollas CudS VL 3 Slee 4 olitod sl olS cnl (85 Jesly ot Sut0 S5 4 0B 5l g Cunen (958l)9) A5y 4 4295 LS e
S5 09iS5 s g iy 3,5kas lojrod dpste eyt (531554 (ool )3 slool Com sl 1y g IS0 5> S« soeldl poitio Lasl i by (6, 5o
I K ojlgen o 93 (nl G Sjdgnsd (e (Stased 329 Jdda Ban pl 4 ol (Jlo ool bl (o5 slaeallBl g YL a8 2o )
b placwis) lolid glp |y abpin 2055 5 ()bl Gbaby) 65,4 «Seiglsn b 2Las (pl 0391 3154 ladely )3 (bl slasille
b s s )13 olSalpa jlasl o 1) saiedyl (SleMbl (e85 slayielily 390 9 wadhpy) 335 (b))l djlecee phbolinl Cliv ( awe Jols
@b g 2By Pp by GRS 5 (e85 Jewily 2Lyl Saa b pol adllae i) (pem ) dizled (95 |y (155 Al o Fhe Wlgn
g jl g Ngd plolid b)) (oam Jolie 4 39)9 9 (Byme sl W pd p 5 g S SIB R3S T2l g (b (S g (o Clio s g 4505

23,8 Bl e lagais sbml g o] (gla SN (sl suaal pally S0

A8yt s g g Mol Sliind duwsle 4 dluly 7,5 (s (wdige B )aiin Slidss o) )3 VY Jls p ddllae oyl (g, g dge
aumlio b 5l dayl 885 by ca dacwis; obj slae Jsd dg (215 aals 15, Jla ol pendy sinlojl b yun VFe ol aLS lge 05 plol
Syl cdonsts )3 5 e (sllad S Sl dacSsl plas 5 als o8 ) S5 L b ol i sslisel il S'sly gy I 53 (aST) oo 3,Slos
L5053 |l adlaie 5 Juslisl sla Jasll g wlol p oly5 Sllos S 500 wal 3 1) (1S5 90) (eivlojl slos puds (gl Slio 0 puseas pdlie
R 3le 5 5l osliul b colol (slaay 3565 0558 ,8 1,8 b5yl 5y90 ,Sd 3,Slas g (albl A8 doyd cdny 3,80ae Jobi (el Glis s als yo 4
95l pd (S 9 (i slagilly Jald (Suf sl yaly .85 plonl (S Gogls g)bdre (bl lp plly 455 A el
@bolis 5 cdo sz ol p plojen (R3S gl a5l (5SSl 3)ge (ST Sl g (ages RSy (S g (s
Sladgs @0 bowp) uaib il oles 3 4b 485 e (SIIG) Jlowl gy a5 padls (Jlonl cigs & S35 slacwiy
a5 Ko adlllas 3yg0 slaaiei) ) S 3, Sles g ddyy 3,Slae Slho gl e (K55 £95 2939 )l Sb Luibly 455 s tadl
dulio ) d> 5 sl JS o 50 4 (e ale MB o)) Cao gl (blie il bgwig) (IS ) Cuddge gl Lol Sl e
Jlo > base e JL iolojl Slge )3 o ol (sl (S} £95 d9dme dials Julody Sl oo 45 A oamliie lasald o bady s 29,5 9,
S 3,Sls 5 Adyy 3,5kas Slas 3,9l walys Sl (K55 S Losad 3 |y 6 yires Sledbl (K55 cclosally )50y 3l Lialesl (gl
L olyon oS (ool 039y coets cul 530> (L5 (ka8 BB Hail 390 (Sis] iyt ol yondy |y (103 Vo 1 ) (@Y sl (smges il
D255 45 3030 oL 5 35 Y3 Slio o) 58 53 ol3dl (S5 ) (VL ol s g g 48,5 a3 M5l 3,50 (VU (SBf Sy
S (6 s palBL A5 1oy (gl 00 3yl (b ey (e )3 39 ba] (S5 dgmte 4 yxie Vb (L L Mg e (g i
YOYOA (cbay yun oS Wdly )L Lo uS0lee duanlio gols oy )Lis 2LS dlge asgeome cpl 0 1) o (S J 58 (Suomn ¢ (Jaee Jolss jl cio )
OWVIEY W LYOFOA gl 5,805 0 Slas o 51zl basals & Cows (42 s8 BB (g5 S 53 5 WF i adyy 3 )Sles L YYYD- 4
b 4B S 8 @ SIIG e ls ccbodin glue p (i3S (gl Wiley cud 4 BTS6975N a6 sald oo b jlies (90,Ses S 50
wolis Jlon) cuigs & baewiss o35 lacas +/AD SIIG Lasls jlial L YOFOA &y g +/AM SIIG yasls kil L BTS6975N aals
s} (sladgs 4358 «old )3 258 Paizgd |y erdplulid 5y (Slacaisi] sliel (Sle dumlie gols b pa3ls cpl @S (Vb Jlgen 245
S35 S by ot a5 hos 5 Vb a5 Shas oSy b wigh 92 5 Bdas 55 (Slocus dged (st lots 9,5 52 2,
3 en ol csly oY Sl o3zl g 13 gy Sl sy Yl oy dbiigd ol o A BB 535 Al 435,513 Yl
R ul““ o.).l.ﬂ dl.mé)'ﬁ'

Sty ol 8B y0s 0 SOlaw deus sl (ST 95 5 GE mie cowyp D0 pedlpy; a5 Wd o Ui ol ddlas guls 16 g5 ASD
el cus gy ‘_,,_efmb 5 Mol sladaly gam Jolpe dpin sl amwlio GLILUE loicds YYYAY 5 YYFIY XOFOA (yooman osllao
@ (st (gl oy o sl g 0 530 Vb )y 5,8Mos (sl GBI 2 S o3 (S lge degecme (pl )3 &S Wmd e (LS Zodgh s LS
Jenily 5| (65550500 5 Miodin slo SW b (ol Jos ol aiis S lgisds Slgh o 55 odelCuoddy (SiSF (ghinog,S Cunl (S5 0,Slos jiSTas
255 )1 ol 3)50 iy (o et (g Jud A5 (gl 39250 (S

adyy 3)Slas (4155 paSld wiBjatie glads 48 (ST oyl S (sWojly


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0001-5431-808X
mailto:s.sadeghzadeh@areeo.ac.ir
http://dx.doi.org/10.61882/jcb.2026.1625
https://jcb.sanru.ac.ir/article-1-1625-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/jch.2026.1625 |

e dllie g oly o)lo e ggilane Sblis o ules 03l gole mw ¢ IS lasdio (g paen A,
\o# CaeS 93 )Skae b p ubpriie Sy lad e 05 9 (S el 2U5))

hgewsS yo Sp a5 Sl digSop) dolegiy wile
Ebrahimi ) sl odds 3)lg (glo0 pl8)) 3 (glodyinS joboay
Koulaei et al., 2019; Hassani et al., 2024b;
Mahmoudi ef al., 2019; Sadeghzadeh Hemayati et

J(al., 2025a; Sadeghzadeh Hemayati et al., 2025b
bsyl o (Saremirad et al., 2023) ) Ken g o)y o)l

Slrly e P BB (U5 g8 2929 iB)hii Sy pun 100
WL0)S o)l8 S g ddyy 0)Sles ezmed (Al ulﬁ..o—
Syt adyy 2,S0es a5 b Gl ued gl
Caodl jol ol a8 sl (S 0 Slas o ) Cuto g puiiins
Gl 5 il bl 1) cio ol polel s
byl b (Hassani ef al., 2024¢) )\ Kon g (gus )00
Olee 3 dbisMe L8 (S5 295 2929 p e cigi) VA
o yas L 5l oolitl | g 65,8 o3l oMol (gl pen
SESles b iy slacay) ol 4 3850 oS
wpdpys &S Canl o] Whe Cldlles (pl W05 YU Subw
S sl oy gaiedyl g 58 g95 Jl lpl WB)xe
ool b iolial ) i3S sladely cuddes Wlgh oo
L 6,5k 45l 5 crge e ORalB sl (il JLES 92
o 5 i)l 4l 3 a5 08 e Oyl eyt sonldl Loyl 5
Sl ALSD yetiue 45> SO W slady s

2 yoin Gla g A8)0ke (03 y0l) Cuenl 4 culie |
3 oS 35Skae G ollan U b s 4 (oleiod
B S s sl (S5 Jomily 385 (b))l S
gy ol ol fwl (ool Blual o iy cas > (bl
oS SeB) ety b)) Ghel Saa b ol
SeIPIeSS CasS g 0, as aly M)l 5 (gl s
Olpee o Sy Blaal diwly pl 005 1nl g slb
by ) (5 9 (595 e Ol sl (S5 £
e fp sboss) B g alolid 5 bl 29
S sl (Byre b g osl (Mol ladaliyy 13 (65,8
A s 58 alie sble 4o

LS9 9 3190
P Sy

gy W Jold acgoome SOl oy ol 2
Ly WYl e degesme pl b oolatwl W80
B 2al5 08) ez 9 LU g L d3gSis S e s
g Joker 4 Denzel BTS6975N (Albus |ols
JGsl Gan b oola clvaskp Jols ¢ diolejl (glay pun
@ Sl 5 LigSoh) dblegi) laglon 4 Cuglie (5
CadsS g 3 )Sas )l jl Cgllas clacuis] (Sl] dineim
Ay
45530 Ca o g o]l b

Slos aspze WY Jlo e 0 ol Sialej]
9 Mol Gladss duwwe 4 diusly g5 W8 e oK)
i sl ol cpl o3 Ll adjasie )4y ans
4883 O 5 a0 0 5 Jlob (5ye 4a 3300 54,0 YO 0
233 )13 byd s e WY el 3 5 (358 Jobo

dodo
A5y gmed ol b agalse 3 Sl olie el

Coglgl S e b @milio o 59 g ol Ol s cunon
B b lie wgr da i (bl g cal s b Sl

W Sl bl ilidl aspa Ve a4 S0 Yede Jlo
FAO, 2009; United Nations, ) aib 4 5yl @ 51 iy
2 alglg sl )Sogy 5l sSoe pilie ol cnl (2017
2o U ocwl el gbls @olpa 5 hhslas
(Voss-Fels et al., 2019) 5,8 al¢ 4350 slacod5000
S leisds (Beta vulgaris L.) uyaizs (ylo cpl 5o
5298 Sl )3 () (B (53 ety ixio Jgae
olS -yl (Ribeiro ef al., 2016) &S o ] olie coial
O Sl c0lea 55 5l 0> Ve D9 (el L
BB polie 1Byass W s (Monteiro et al., 2018
@ Wl g0 &S WS o0 W95 J5 1y (Sl Y gae a2y
Sadeghzadeh ) wgs (g 38 o5,  alisee  5)b
Moi )d paiiue i85 0gde (Hemayati et al., 2022
Cato Ol 3l Jaine 3blo b (6,85 Ju> 4 w8 juise S
2 Sedj)l odols 5 SB plond 5 (Sojd Chogad
Sgd e Cgmme b (6))sliS QB (S s ol
Jawily 53 dgups 4565y ¢g ! 5| .(Hamed et al., 2025)
9138 el 0265 (5 k 2 Goesits 556 lS () W
Cably dalgs xelgs dlaidl

ol wdiuas solpa sy o ole Gua
05 &S Cuwl paw dsly o el BB SE 5 Slas
5 (ceS) ) 3Sdas Lol 4l 93 5l ooy (oS5
Hassani et al., 2024a;) cuwl ) S5eesS cuns
Olgieds iy 5,Sles (Panella and Lewellen, 2011
Cod by g Canl () cpin S Cot ¢ oS Gt S
Saremirad et al., ) 5,5 )5 e g Jame Jolse 15
e asls b a8 K59desS cuas 50 (sgm (2023
oMo sl walBb e o Coyd ueols B aop s
DS (s 98 o0 0 (el (59 9 ramlly o)
Gippert ) cul 48 gaals )5 55 Ss Jlasdwl leus],
et al., 2022; Hoffmann, 2010; Martinez-Arias et
SN S 3539 <y ol 3 Lol (il (al, 2017
}44»‘..\»3&0)39%)3)“@&wa4»>[~»96pr;§\~))
W Sy iol5el & e oyl 4 {(Hassani et al., 2024a)
59 g jud ol oy ;wuﬁ plod (6,305 Lials C}w.:éyd.g
odwmy aelyy S 4]y Jlon) ey piiS sl
u.:ﬁua,a J.)l:u .LJIyJ LY Ls“’b)‘ ‘_sJLuJLwd 9 ] b.))f J).\u
5 38> Syl wiejls i )35 slate Clie pl o
Hassani et al., 2024a; Taleghani et al., ) cus! zol>
(2023

Slacaibye 4 W8\ (ol @il ()8 Jsb
A, 30 do 3 A dgis 51 A8 Hle Ll a8l Cowd (6 pSauii>
Al ]38l 4yl (gl 53 2oy VA Sl i 40 4l
ot o glew 4 Cuoglio o (Dohm et al., 2014) cul


http://dx.doi.org/10.61882/jcb.2026.1625
https://jcb.sanru.ac.ir/article-1-1625-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/jch.2026.1625 |

e dllie g oly o)lo e ggilane Sblis o ules 03l gole mw ¢ IS lasdio (g paen A,

AR

VE O IY ojlosis [pbioen o /2y alS el 4ol yingss

Ssh @y ) S 2Bl pB)l g gl
3 Qlebl jolateas 0 ST (Bolai 5 ol 0
B Sbaoy il e gladle JuS g 4l
b gylows 5 bl il cdply plodl dalais (gl ol

W8S Gygo Ay Jab Jsb )3 plate g0

(Anonymous, 2021) caedily wlidlen (laosls sl
3y lond (gloyliene b Sitbdog oul8l l)ls 7,8 aibata
adlaio O?.‘ 5 &Yl sled Q&L.a Lol J.\:.u ‘SL@OMU 9
YEVIY @Vl Sl xShe 5 (ol 450 VF/F
SYL g Ly (Anonymous, 2021) siiws e e
loads 1) Y Jada 43 Coxiie oS
P G TIE SIPRIGERR FAN NI
bojte A o & cindy o ol otlof] 8 po 50
Vo) gy U Aol g e ile B0 indy e Jeolgd

Cxddan wdine A8 ke Glidss olKiw! olsa 5 Ol Glasie =) Jgis
Table 1. Weather characteristics at Motahari's Sugar Beet Research Stations

(o) Sk (Lwasbo 42 53) Lo> J8las (g 4253) Lo yiSTa> ol
Rainfall (mm) Minimum temperature (°C) Maximum temperature (°C) Month
43.00 6.47 19.57 Cadiged )l VY = (123y9,8 VY
April
21.00 10.61 24.77 33 VY~ VY
May
12.00 14.80 30.07 g5 Ve a3y
June
0.00 18.65 33.00 PR RESWAR)
July
1.00 17.71 31.19 2925 Ve =3l V)
August
0.00 13.73 26.90 2 Xy V)
September
25.00 8.16 19.65 OV —yee N
October
oby el el (e g (SeB) slaully Sl (gm0l

Comstock ) b )lg 4550 Jgaa 5l Juols Slaypo ko
E90 Cupd (ymw N5 dyly (& Robinson, 1952
Ok 9 (o9e5 Sl (ST E95 o p
BEY Lalgy 5b oy \+ a5 S5 b S <y
9 Saw g (Falconer, 1996) 5oSIl lawgs ol sl

4 dusbxo (Singh & Chaudhary, 1996) (5,0l

Vaoi

PCV (%) = ——x 100 Y
oz .
GCV (%) =5 % 100 ¥ b,
0.2
h? = -2 %100 ¥ o,
os
GA =k x g, x h* D dla,

(S35 oy O s g 0y sy nl >
O S b K o eges (s ldlyg h? i ole X
A (g e Byl 0, g

iz bl eyl plojer (LSS jslaiew
Selection Index ) Jlos) cuigij (i3S (adli | i
Lol e ybgy oyl 5 b oolazwl (of Ideal Genotype - SIIG
s Aol juw B85 gl oy & ol 5l edlawl b sl
9V klg) b Jlol yé w9l 9 Jlol gl Sl s
2 slp SIIG asls jlade wolps o )8 duslrs A
OVl &5 5985 b dlne A by lul g
QISP 9 Fp o8] Olysd S cws ] SIIG e
Pgd e (Byre Jlonl g 4 4 S

o 10 auils Bls bole bl w23 G, s cuilsy
o 31 ool (a1 plosl G, o lel 5 15
25 Aoy 3 )Sles 5 0D (3595 9 yled @) pa Cudly
Sl oolay g 00)5 duwbre JLSa > o Consy
G S LT Cae pdited | g OF a laady)
355 olKtwd jl oalitul b badigas yued b Jitie oy loj]
L 2Bl a8 oy oS s g ags (Venema) by
(g i (6 S0l (Betalyzer) )5V ol&iwd 1 oalizl
25y Gobo 5l S (adld Sy lgisa S8 3 )Sles
Cooke & Scott, 1993; Reinfeld et al., ) 35,5 ausbxo
(1974

SY = SC X RY ) aba,

SC ) iSa 1> (y cans ;S5 3,Sae SY adlayly opl po
5 &y s )5 Ve OB oS sy (AlBL B Ao
Ak HESR 50 F Cas )y 0,Sles RY
)bl o g 4o
lgyie (guyp jl o oilejl 5 Jol laodls
San g bosladl oy Jlg el Jold sl
2 obyly 58 il w55 458 3590 da i)l
pbol R l38le 5 5l ooliiw] b cieST 2 )b (gybl Jao ol
sy yus gl 1, Sles ¢ yugw (R Core Team, 2018) 1
sloSibe ol g qonas «Ssh il sy il
4o B0 _\m)f odlastwl (g a0 dl)-.‘ IRy IC Iy
SN uilly 435 3 & Slao sy bewips (Sl
Ml Blas g5l 5l edlatul b sy L (g)ls sme
W plodl do s iy Jlois! pdaws 53 (LSD) o sixe


http://dx.doi.org/10.61882/jcb.2026.1625
https://jcb.sanru.ac.ir/article-1-1625-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-25 ]

[ DOI: 10.61882/jch.2026.1625 |

oz dlis g 3ly o)lo o (gatbaias dalad ( tles 005 5ole i ( SN s (¢ e dllpg,

VoA i g 0)Shes wly p aBnte Sy clab s Gi0 S g (Se5f Jewils b))

de>g pis ¢ bldo ;5 (Rajabi et al., 2023) d405  olwlid
@)'Lol dhbdwl})g 3 u‘“‘)f <YL jLas J,Jb 4 .35193’@
Oi@smbu:@ls@;md,\abmdldlﬁmﬁ
ol 00 A8 iy S5 dlge yd

aS ol ol baals 5 by s 4 byles 5SS
5,80as gl oy yom 5148 g yebds g lasals g by s
& 9 S Jlnl gohw > cuiia ady) 3Sdes 5 S5
1y ol Coodl Pl jluw ases oyl Dy b bxe o)
ahb o9 e ileil lan s o aae olis
o () i 3,Shae St (sl e (S5 ol
Saremirad ef al., ) ;,Ken g 3l co)lo dslllao zobs b
P ep s s gm0 e |y )b ge5 &5 (2023
5 o« hlas j0 o) Slgzeen s S 5155 asald
baos |y 45 ine goi5 (Hassani ef al, 2024c) ), Ko
5! LmoT sy g Sl dols Pﬁ)l O Colas 5! sl
4 Wlg o glas pl &S Wdg CAleiSy ddyy 5 Slas s
dalllae 2 53 bl 350 ol (S5 dlge glite cunls
D5 0 S

Jl& 31 g b gime cadllan opl S dn g5 b s
A8 o g S 0 Ses Glas gy dald ply 0 Wy
u.;‘;ilnﬂ s pud a8 a0 o LS aS (pl g (alBL
@ s (Flite 3)Slas «io 93 ol S5 5l (ke 5l
2Bl Py g e Glasy e b w8 pB)) 00l

nij = 5 alayl,
JEX
g
di = Z (ryj — ;)2 ¥ dba,
A j=1
g
di = Z (rj —17)? A b
A j=1
dr
SIIG = A alay),

1
(df +d)
O bailyy 53 9 bowig anadb lpipl pogMe
3 Sas Olas wlol j Ward yog,a (glades 4550 da )l

s Skas ot Gy by a5 3 Jobs gl

ST Joir 3 S8 08k 5 (alBL A8 sy ady)
Olas plod (gly oddzuonas Sl 3l 090 45 dxe Llodds
P e bbb s (e odma gl o pm)p 390
Slog gislejl ! o caslio €8s 5 uislojl laSsls
So Jlnl a3 188 5 Shos (gl oddgnal (sl )loss
Pine doyd gy Jlisl aw 53 ady) 3 8les g Loy
O > 495 BB (S5 g9 g e yel cul &5 S
ol lp (aald g by o) (2b) 3)90 clacssss JS
slp ol ot ((SuB5 g5 2929 sl ppe Cdio 93
OU g Canl UL gMal 5 i3S (sladalyy 5> Cudby
Comex o2l Olee J ) S lacds) Ol & a3

sislejl 83 (clacuse adllas 390 ilises Glio uib)ly 4 5o =Y Jgi
Table 2. Analysis of variance for different studied traits in experimental sugar beet genotypes

S5 ,Sles AL L8 ws diuy 3,Slas il sy JREI
Sugar yield Sugar content Root yield df Source of variation
3.40™ 0.83™ 120.02" 4 Sk
Block (adj)
5.07%* 1.32m 180.65* 143 e
Treatment (adj)
439 0.9 178.28* 139 Heh
Hybrid
34.47%* 1.73" 1081.67** 3 el
Check
52.25%* 47.20%* 150.24™ 1 ald 1
Hybrid vs. Check
114 0.83 52.95 12 s
Error
8.46 5.96 8.82 (3053) Sl pasis

Coefficient of variation (%)

D Gre g doyd S g g Jlein| Zolaw )0 5 e i )i 4 NS g ww

ns, *, **: non-significant and significant at five and one percent probability levels, respectively.
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Table 3. Mean comparisons of the studied traits in experimental sugar beet genotypes

3, 3,

JLe *e? Ay

S gy 20 i) Sols )i;:/‘( 'L“. i LAl 4 oy “‘;zf 'L“. * gy Sk
(Hs ([ Genotype Block 0 » ) Sugar content (%) ( » ) Genotype  Block

N
Sugar colrll%eargt Root
yield (%) yield

Sugar yield (t.ha™) Root yield (t.ha™')

(tha) (tha)
3.78 1439 62.55 37366 3 16.43 15.58 106.24 35159 T
9.12 1439 64.80 37374 3 12.93 15.33 84.99 35170 1
9.77 1359 72.80 37387 3 13.78 1448 95.49 35253 1
1093 1399  78.80 37394 3 13.25 15.63 85.49 35439 1
1100 1459 7630 37396 3 10.80 13.58 79.49 35454 1
1421 1549  92.05 37401 3 14.54 15.53 94.36 37312 1
1277 1499  85.68 37408 3 10.42 14.88 70.49 37317 1
1212 1484 8230 37411 3 10.72 15.83 68.49 37321 1
1207 1539 7930 37417 3 16.66 16.33 102.99 37324 1
1065 1469 7355 37419 3 11.58 16.23 7224 37325 1
7.55 1554 50.80 37421 3 12.78 15.53 82.99 37329 1
1351 1479  91.55 Nika 3 13.10 14.88 88.49 37336 1
9.25 1253 69.58 35235 4 15.46 14.08 109.99 37337 1
1428 1469 9358 37315 4 10.31 14.53 71.24 37342 1
1016 1439  66.83 37320 4 9.03 14.43 62.86 37343 1
1059 1419  70.83 37330 4 16.72 14.63 114.74 37350 1
1517  13.64 10733 37331 4 12.15 16.48 74.74 37368 1
1465 1564 9021 37334 4 1132 15.18 75.11 37373 1
1444 1609  86.33 37338 4 8.13 12.43 64.74 37379 1
1233 1454 81.08 37339 4 12.85 14.03 91.74 37380 1
1396 1554  86.33 37345 4 10.92 15.33 71.86 37381 1
1231 1469  80.08 37348 4 1333 15.73 85.49 37398 1
1458 1594  88.08 37358 4 1416 15.63 91.36 37402 1
1132 1734 62.08 37361 4 11.82 13.83 85.49 37404 1
1546 1674  89.08 37362 4 15.36 15.03 102.74 37414 1
1377 1524 86.83 37369 4 12.05 14.53 83.24 37416 1
1343 1439  89.58 37370 4 14.62 16.33 90.49 Hosna 1
1278 1514 8083 37371 4 14.76 1453 101.99 Tara 1
1239 1519 7796 37377 4 12:81 15.02 86.05 35285 2
1022 1504 6433 37378 4 1324 15.72 84.93 35442 2
1245 1674  71.08 37382 4 17.61 15.67 114.18 35458 2
1262 1494  80.83 37385 4 13.89 15.52 90.43 35474 2
1274 1394  87.58 37386 4 10.65 15.37 69.42 37310 2
1378 1514  87.46 37410 4 11.13 15.07 74.18 37311 2
1702 1669 9871 37412 4 9.29 16.37 56.43 37313 2
1418  17.04 7996 37413 4 10.88 16.07 67.80 37314 2
1383 1509  88.08 37415 4 7.44 13.62 54118 37319 2
1247 1434 8321 Dena 4 14.23 14.87 96.93 37323 2
117 1604 6621 Kimya 4 14.02 15.87 89.18 37327 2
1259 1354  89.08  Shokoufa 4 10.08 16.57 60.68 37332 2
9.69 1377 7321 34031 5 12.78 17.57 72.93 37333 2
1258 1332 97.83 35473 5 10.94 1422 77.42 37340 2
1470 1362 9873 35481 5 11.63 17.07 68.18 37346 2
1189 1552 7821 37309 5 10.51 15.72 66.93 37349 2
1358 1722 7946 37316 5 14.22 15.97 89.03 37355 2
9.47 1527  63.71 37318 5 14.94 17.37 86.68 37372 2
1056 1507  71.96 37326 5 1111 1422 78.68 37375 2
1169 1612 7371 37328 5 12.96 15.37 85.05 37376 2
1443 1487 9921 37347 5 1179 15.02 79.05 37392 2
1491 1617 93.46 37352 5 11.50 14.32 80.93 37395 2
1233 1587  79.08 37354 5 13.10 14.77 89.68 37399 2
1346 1482 92.96 37360 5 14.93 16.32 92.43 37400 2
1491 1537 9873 37363 5 15.94 15.37 105.18 37403 2
1383 1557  90.46 37367 5 12.27 16.77 73.43 37406 2
1094 1447 7796 37383 5 1461 15.37 96.18 37418 2
1226 1492 8421 37384 5 9.83 15.87 61.80 Sina 2
1283 1562 8371 37388 5 14.32 14.89 96.17 35167 3
8.91 1517 60.46 37389 5 14.09 14.74 95.55 35169 3
8.73 1272 72.46 37390 5 10.82 11.99 89.80 35195 3
8.78 1327 69.46 37391 5 11.81 12.79 92.05 35270 3
1357 1437  96.96 37393 5 13.56 13.89 97.30 35468 3
1173 1512 7946 37307 5 14.03 13.89 100.55 37322 3
3.80 1497  60.71 37405 5 13.41 14.59 92.05 37335 3
1483 1637 9171 37407 5 10.75 15.34 71.30 37341 3
1197 1607 7571 37409 5 11.70 13.99 84.05 37344 3
9.86 1542 65.58 37420 5 1420 15.19 93.68 37351 3
1277 1457  89.96 Arta 5 13.78 16.04 86.55 37353 3
10.41 1442 7458 Ekbatan 5 12.40 15.69 79.93 37356 3
1143 1599 714 Albus - 10.81 15.59 70.68 37357 3
17.70 173 10593 BTS6975N B} 9.19 1439 65.30 37359 3
1401 17.09  82.08 Denzel ; 10.32 1489 70.55 37364 3
1331 1654 80.80 Joker - 10.02 15.59 65.80 37365 3
S5k dunlio
Mean comparisgn
1.31 112 8.91 Wl jlad S g pdalojl jlad S

A test treatment and a control treatment

0.67 0.58 4.60 2l glales
Control treatments

Gl aSely o alolojl Hlawi g0
Two test treatments in different blocks
Gl (Sl o islojl e 9

Two test treatments in same block)

1.69 1.44 11.51

1.51 1.29 10.29
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Figure 1. Grouping of different studied traits based on the phenotypic and genotypic coefficients (RY: Root yield,
SC: Sugar content, SY: Sugar yield, PCV: Phenotipic cpef;‘icient of variation, GCV, Genotipic coefficient of
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Table 4. Values and ranks of the selection index of the ideal genotype (SIIG) in experimental sugar beet genotypes

) Sl Exa) 45) skel el
Rank Score Genotype Rank Score Genotype
3 0.82 37363 88 0.48 34031
123 0.35 37364 10 0.76 35159
127 0.33 37365 26 0.67 35167
140 0.25 37366 28 0.66 35169
12 0.75 37367 87 0.49 35170
108 0.40 37368 77 0.51 35195
55 0.59 37369 133 0.30 35235
48 0.60 37370 49 0.60 35253
76 0.51 37371 64 0.56 35270
39 0.63 37372 66 0.56 35285
119 0.36 37373 80 0.50 35439
138 0.27 37374 62 0.56 35442
99 0.44 37375 115 0.37 35454
67 0.55 37376 2 0.85 35458
89 0.47 37377 31 0.66 35468
132 0.30 37378 18 0.71 35473
143 0.15 37379 38 0.63 35474
72 0.54 37380 17 0.73 35481
128 0.33 37381 54 0.59 37309
100 0.44 37382 121 0.36 37310
65 0.56 37383 107 0.41 37311
33 0.65 37384 42 0.61 37312
79 0.50 37385 139 0.26 37313
63 0.56 37386 118 0.36 37314
126 0.34 37387 29 0.66 37315
27 0.66 37388 34 0.64 37316
120 0.36 37389 134 0.30 37317
97 0.44 37390 110 0.40 37318
104 0.42 37391 144 0.11 37319
92 0.47 37392 130 0.31 37320
11 0.76 37393 129 0.31 37321
103 0.43 37394 21 0.69 37322
90 0.47 37395 23 0.68 37323
106 0.41 37396 13 0.75 37324
50 0.60 37397 116 0.37 37325
78 0.50 37398 81 0.50 37326
52 0.59 37399 41 0.62 37327
24 0.68 37400 68 0.55 37328
36 0.64 37401 93 0.47 37329
58 0.58 37402 122 0.35 37330
8 0.78 37403 15 0.74 37331
95 0.45 37404 131 0.31 37332
124 0.35 37405 94 0.47 37333
96 0.45 37406 35 0.64 37334
7 0.79 37407 43 0.61 37335
71 0.54 37408 73 0.52 37336
59 0.57 37409 16 0.73 37337
51 0.60 37410 46 0.61 37338
83 0.49 37411 82 0.50 37339
9 0.78 37412 102 0.43 37340
69 0.55 37413 113 0.38 37341
20 0.70 37414 135 0.29 37342
47 0.60 37415 142 0.19 37343
98 0.44 37416 84 0.49 37344
91 0.47 37417 53 0.59 37345
22 0.69 37418 109 0.40 37346
111 0.38 37419 5 0.80 37347
101 0.43 37420 86 0.49 37348
141 0.24 37421 125 0.34 37349
105 0.41 Albus 6 0.80 37350
19 0.70 Arta 32 0.65 37351
1 0.88 BTS6975N 4 0.80 37352
74 0.52 Dena 57 0.58 37353
60 0.57 Denzel 45 0.61 37354
75 0.51 Ekbatan 37 0.63 37355
56 0.58 Hosna 85 0.49 37356
70 0.54 Joker 112 0.38 37357
117 0.36 Kimya 40 0.63 37358
44 0.61 Nika 137 0.28 37359
61 0.57 Shokoufa 14 0.74 37360
136 0.29 Sina 114 0.37 37361
25 0.67 Tara 30 0.66 37362
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Figure 4. Cluster analysis of different sugar beet genotypes based on the root yield and sugar content
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