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Evaluation of White Sugar Yield Stability of Some Commercially Released Sugar
Beet Cultivars in Iran from 2011-2020

LFQ% ;§L"' cv)ﬁw GO.E,A_« c*b\)@)\.ﬁp g§l'° c%\s’g\.& o:b’é:\.ﬁo Lo
*rv\é' ookl LS 5 g A e sl 3 AN RWes e 496}1)9 he Cgde| 3 grus

Olpl ez S (85038 s 5 5 hisaT cliis Olejle (i jiier 5o 4 5 Dol Solidons ds 3o Lo -

OVl ez S (33 s 5 s eliions Olejlo ol ttir 5 48 5 0ol Dl s 3o ¢ S g5 =4 5A Y
Q‘J.‘v'\ ‘C; ‘6).)}\:“{ 6‘};} uir)}&T LC)L&:.E:J QLA)L.» t.\.ﬁ).\.’&@; J'l'f “g s Cw‘ QL%E:J W}A G)LLA\L»‘—V
tdj)}\.&f CJ} K JZ)}AT tC)Lﬂ...bu": 5 Ol cauJLe; Olwl ’.Q....bm CL.A K L;b,l:S J}}pT} QLG...G:u:“ 5 ;JA c)l:.flu.‘: -¥
Ol coliile S

5 3 sl Dlakes Oljle (s Olol 5 Ol ek wla 5 (555LS 55T 5 Slados S0 Liils -0
.Ob-:‘ (g ‘éjjjw

5 3 ST (Dlaes Ol g 20T Slul (b wlin 5 (555587 2587 5 Dladod S e bkl -F
.O‘ﬂ‘ cdua gyl Ldj))uf

s 5 Bisel Dl Ol g 585 Ol 5 Ol (b mlia 5 (5555l Sl 5 Sl S e o Siass -V
O gl cdgia Léj)juf

PPN YNE i bds gasl VP 1/B/+Y 1ol 38 gu b

oS>

‘f..\él d,ﬂa& 9 < (M (T (S (T (S P «f qﬁw\&." «& sglg_.l.:b G QG Ly W E ‘bbgso)l.a ey ‘@l&’ Ob')'éél.a
FEF-T A 50 9 e dlome IFAA LAV JLu 51000 53 (sl e (65Lusl3T i o1 (5 ok S5 Shee (5L b3yl 2 Fe ) O

Y gcomn (63155 4y (L 4ol p B! oy F ol I (G wdud  Jamo Ly 3 b 30 O (Sslb § 8 Khoe ol 91
O I JLw U Jl 31Ot 5 (Sl ot (63wl 3T wid s o8y 45 00 0 Khoe (S5l (i3 catl 38 .l (2153
Tt B 33 Slin 9 ST gusilue cagmio Wllilo 57 g 5™ ¢SSl (637918 Clinions oliCius | i 3 2 sk ABLS &3 of yoid
ad 5 3B S350 g mnp D3gmn ITAA-NF e B IFASITAY Jlgio Sl slezr Sk & 555 sler b S0l ol (sls gl
9 UKo X i 995 (Jbo X i 33 (Ol x Sl (S iSod 9 § i 9] 9 Ol (Jlo 1457318 OS5 B 0310 8 o il 9 4 129
Adlgo St 47 310 UL amo X i 93 Ko g ST 4 135 .09 518 (e (P S 0.01) vdes 15 Shos p S0 x Jlwo X ui g
b LB )l oy § 500l Olg=ic 4y ol 5 4 BT § Bl dunsT 6 AMMIT 535k ol 3.3 (p < 0.01) 515 %o 3!
Joo bl .09 (P < 0.01) 15 xo dutmo X i 95 iod 9 § i i) F1457 318 Gl boloro  Las- S ol D
3 =Khos DM (S AT M s S O it s 32Tl SING0 g3 g (ST1S o § 4 B g LT (LS o6, BLUP
s K 3 Ko 533 ki S O Khoe (S 10 09 B 65T duwT 831 457 318 s WAASB sl b s 5
B § s 5T PLEf s K 8 Sl 4y WAASB el 4135 31 81 (ukisg 57 yolol 3 .AalS IS pSilio 3 sy
9 WAASB (5l (L (6 LB oo e 502 7 9 S5 3 Nk 4B ity 9 Y s 55 8 sKhoe b pBf Uiy
U557 9 Bg L33 5T 31 Lyt § WAASBY Loy 99 st b o8 457 (539004 il o yoib ) sl gl o 55 8 Khos
N 456 Sl 9 Y0 wudw 0 3 Sloa b PG lgaady BT 9 Bgil T pB1 bl 9! 9 .48 F 5§ (Sm (Sl 4d 5 50

kol g0 Olojon i F (bale (o S (2w 1 09031 i yi (oS Sl olg

CYPYYVYSAY el s.sadeghzadeh@areeo.ac.ir :J s T

Yy



AL RIS W oyl s“/\u\l?”)\;\es Jlg-; 412.&"

(European Commission, 2018; Mohr and
Raman, 2013)

s BB polas gykiar A8 Caio
Ll g0 45T AS o W5 (Sl Y s
Ay N (6 IS 355l i 5, o
(Dohm ws s s Yo B A o gdle L8 yliae
oy, ol Ao )3 V0 sl cet al., 2014)
.l (Anonymous, 1999) I u_ws >
I wsle il OV pamee o sane 5 sbas
3 i oins oSS 3l a0 5oy o8 poier
S s 355 n olinul pls ST
L pls ST 5 JSU a5 sl Btae o5
03 ;1 JLS as e M55 6y oo Ol 50
<> 51 (Duraisam et al., 2017) 544 .
Coldal ool gl o jaia Sl Y guams oyl
gl slys ol Jl s bl (5 4d oo 03lial
L A 5l ;8" Sl g 5 S8
(Olmos and Hansen, 2012)

Sleslarul Jola bas )8 cpl 51 olads ol
R T B P
(Nicodeme  slai ge 5 o iy 35 b 5
(Gumienna w3 3 ,b 5l L et al, 2018)
 sleislpwaJy g6t al, 2014)
il s msols slaakeuly 5 oas;8l 25

(Cérdenas-Fernandez et 2017)

J bl W ¢ L (Tomaszewska et al., 2018)
53 5l 40 alex I (Arshad et al., 2017)

al.,

YE.

.

oo

S (53 St J) ey A8 i
Glp i S8 5 s L Olgz 5o &
LS ol iy 3 5b oo S Olail (9 uze
osls 45 Sl )JKL.» J‘ L.Si‘)“-’ MJ) LQJ\"
O gdes YVA 50> 18 jliae adoy Ve W
S gl el 6l 8 (FAO, 2021) col 5
&uéh)j_i.f.snfdaj} oslazwl 3 40
(S a5, AB e L S WS s
S el 65 0SS 5 S L gl 4 sl
L5 1y Ole 3 S IS5 Ao )3 00 g0
European Commission, 2021) 45" .

2 LSS s a0 a8 558 o
3138 Ao a5 5 s 5 ST i 550
S EYGIE VRGO PR WOV - EYGIE P Wi P
Jlo 55 S8 Gl m g L Gl
OB S A5 a5 Ol o |5 ool 56
gl a5 558 L S eslizad b S o 330
S a8 olie &Y g 51
A5 sl pl eoke Ol sieas Byl I Juol
4S ol J gl gan s S 5u
3 b Sy oy KL Ll 5
¢S s (Salazar-Ordofiez et al., 2013)
N8 oslizal 5,50 5 jsbar Ll es 5l
U tilomns 5 a3 5l osliiul (glime 4 &5 5,5
o 03 5 Sl (5 DY pame W 5 (6

A o e |y ot sl e el JLs



FFA-YPE OF Y OLes 5 il o3l) Golo o B e S5 Shas (I L b5

AL 3l e sgae ol (Lin and Binns, 1988)
(Yan and ;,_;@u_al:v_@»j_gau),l_zf
Lo iolejT mls ol sl Kang, 2002)
$la S 48" ol SLiabol B Gl ) — Jaes
Ll i S Jlw i (b skdodalis
03 juS oy pliuly cpl s (Lin et al., 2010)
Sl 5 615 4 sl asl s sl e I g o
(Macholdt et al., c—ul 5,92 5 s el
.2019; Taleghani et al., 2022)
3 Laen ¥ 55 S el 4ol
SRS ERR IS PNT L;)\_JL;\_AU;)) a
osbar s Shas (oIl @ gla b, bl
‘jt_ijju_{umg)_ﬁ&duﬁptu
Sen s laa i jo aalllas 5 Lo 5 555
La sy ol liidn (6 i S aos
5 0SS sl gy anly o IS b
Sl sy Ol 53 Al (o )l gl o puiedi
5 e Aol ST e o et o
(Additive Main  ,ho o S
Effect and Multiplicative Interaction =
el Sl sy 5 oYL Ceal AMMI)
s 5 ol o e Sl (S5 s
sl AMMI Jue s il oo ool (slaad 56
ol S doene bl 4 e Sl eslinal L
BT, T & 558 0 3551 Jame 5 i 555
Ly e el (ot (Rl iy pan (o
S (ol (glaad o 4 4 a3 1 osliz
S HUT 0 a8 e X i 65

o 5w 350 i Sl D me pdio S

Y¥

iS5, e 35 ol oS
5ol s lol B Al 5 o J s
Sl = 5 e 65 S el S
Sl axsls 25 g
Slal o 5 ol 51 (S s Shas 2l 3
Sldlas .ol ely5 Y gams O S sl5a
FSan YU s S L pls )l a7 das oo 0L
S0l 3, Shee laloses e 53 5 dder Sl
(Rajabi 2022;

et al., NV P S R

Saremirad and Taleghani, 2022;

C>s 3 Skes |, ; Taleghani et al., 2022)
SOE-F - SUSEPR NS P T
Sl am s bys, S ol 5 b
e Jalse 30 o s T G5
Slodoy Jaome X i 55 S 1y
b o Ly 55 Cadies el 4 45 ol
(Kang, 2004; s,ls o ,Lal Ladoses 31 onug
o v g Slg el 55 5 Kang, 1997)
03 OLaLS (ool a0 e 55 oS (531 3l
ooy ol el ol s Ld (s e
PG o sl aly sla Sl
sl 03 S dl g (g - L1y s Shes
93 2 Glej s S g5 At 3525 L
533, ke DL Lol cian as ¢ 55 S
il Sl 55y G gl o ggie Sy
OLSGe dms 3 5, Shae ()l 0 Kty
Camo§ ol 1y 0l dns 53 5 68 5l
Lyt e CJ—G‘“ O o—) )3 Ales S



AL RIS W oyl s“/\u\l?”)\;\es Jlg-; 412.&"

(ol N 28V s Ses Jily
L (Olivoto et al., 2019b) o, 5 55 5J
Olyea s WAASB osls o5, 8 L s
S 3 e 355 o555 oL Sl ok
1yl 55 1, WAASBY asls (Y) J gvamea
55, 8es (S55 55 20T p3as s S
N e 5 3550 Olajen 5 sba 5 Shee (55101
2 E
Sladlas 53 VL 53 0l S5 (gl T sla ks,
pS lia L5l 2258 ) it il
(Ahakpaz et - ((Saremirad et al., 2022)
L. ¢ « (Huang et al., 2021) = al., 2021)
(Koundinya et |5l ((Mutari et al., 2022)
(Rajabi et al., 2022; .s,15> sal., 2021)
and 2022;

Saremirad Taleghani,

5 Cewl s o5lewl Taleghani et al., 2022)
Ll ok ool (k03 g gl

Gls Coslay 3l oslizul Eass ol Coda
3 Shes (6l 4 o Slaba, 4 &S (e
3 Shes (6510 b5 6y el st LS|
S5l 3T sy iae el Fp RWINES
5960053 1FA4 JLo b V¥ Jla 5l e

b w33 g Mg
L;,L?Jv_sja\_;:u_,sﬁ,éb-uuj;_u;
ol aals V_Sjég.ia‘wa\_{xé).&ig-
O dsts) o3 8 15 Jlosyls, e
=105 dbw sl Sde 4 US e )
IFAA-ITE4 A FAV-ITAA AFAF YAy Lels

Y¥FY

(Gauch, 1992) 5,5 ., 3
=2 AMMI Jute suaze (6Ll 5 v.'o)u,l.c«
(Rodrigues et &, (slaesls 4 Cunlus LS
bl ag o 5> Sl go ol al., 2016)
(Linear Mixed Effects b sl s Jus
(Olivoto et al., 2019b) Model = LMM)
S G50 3 OT 6l Ol e )
(Best Linear L= Il sla oo i
=L Unbiased Prediction = BLUP)
L by bies gladds po 1) Lacs 655 ,Shes
Ll m e opl pls S o 5587 5 YL 1S
428 o s 3 ) AMMI Jue Con s
3aS O b 1y by dies ot Jie st L
(Olivoto et al.,, ol,La 5 55550 5,00
I, BLUP s AMMI Jus sls £ 5 5 2019D)
oer i Olse Ll pastla 5y L5 ST S5
e ) e 58 G55 S0k (6l
(Weighted o> 51U sl 2 i
Average Absolute Scores of BLUPs =
o slacs 65 S S !~ WAASB)

s ST e
33 sAMMI Jus &35 51 oS 5 i
S 1 Slallae 55 BLUP Jue o i
(Olivoto et s 4 dal g Lo Loes X 5 55
O S s1540 48 LT i Ll . al., 2019b)
93 e L)) (B e 5 g Lulis (ol
ssbaly s Sas (ol 55, Shee S5
A1l oo b 85,8 o k5 53 Olo jen
L lacs s chasme X 5 55 5iSen



FFATEE P OLes 5 il 031} Golo o B e S5 Shas (I L b))

L i o)) Sl gz (F g el o

Table 1. Name and some characteristics of sugar beet cultivars

oylads b 15T Jlo elize

No. Cultivar name «5, et Characteristics of cultivar o3, oo ses  Year of release Origin Country .8
1 Arta 6,7 Resistant to rhizomania and nematode Gl 5 Llegpy 4 cmslie 2017 SBSI Iran ol
2 Arya L,T Resistant to rhizomania and nematode Gl 5 Llegpy 4 cwslie 2015 SBSI Iran ol
3 Asia LT Resistant to rhizomania and nematode Gl 5 Llegpy 4 cwslie 2020 SBSI Iran ol
4 Ekbatan sbLst  Resistant to rhizoctonia LS 55,4 w2013 SBSI Iran ol
5 Motahar ke Resistant to rhizomania Llosp, 4 cuslie 2015 SBSI Iran ol
6 Paya Lt Tolerant to drought it a Jess 2015 SBSI Iran R
7 Perfecta (check) (asl2) G, Resistant to rhizomania Llospy o caslie 2015 LIONSEED Italy Uk
8 Sharif x5 Resistant to bolting Ky 4 cwslie 2011 SBSI Iran ol
9 Shokofa 6, Resistant to rhizomania and nematode Bl 5Ll py 4 cwslie 2015 SBSI Iran ol
10 Sina L Resistant to rhizomania and rhizoctonia LS5, sUGlsj, o cwslie 2018 SBSI Iran ol

SBSI: Sugar Beet Seed Institute

A8 i 5 & Mol Slidons A ga :SBSI
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Table 2- Geographical coordinates of experimental research stations

Loes S Jl Sl ool () by b Slplinyl GWlar oo il Jub
Environmentcode Year Research station Altitude (m) Latitude Longitude
El 2018
E2 2019 . on e onp”
£3 2020 Ardebil 1377 38°10°N 48°24 E
E4 2021
E5 2018
E6 2019 . o o
E7 2020 Karaj 1244 35°50" N 50°52" E
E8 2021
E9 2018
E10 2019 onpr o010’
E11 2020 Kermanshah 1362 34°15" N 46°48" E
E12 2021
E13 2018
El4 2019 onnr onq’
E15 2020 Mashhad 998 36°12° N 59°39" E
E16 2021
E17 2018
E18 2019 . oo o
E19 2020 Miandoab 1294 36°57° N 46°06" E
E20 2021
E21 2018
E22 2019 o o1
£23 2020 Moghan 67 39°36" N 47°46" E
E24 2021
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Table 3. Combined analysis of variance for white sugar yield of experimental

sugar beet cultivars

T ey Dlaje g gazs Sla o e
Source of variation R Al d.f. Sum of squares Mean squares
Year (Y) Jbe 3 413.63 137.88**
Location (L) o 5 5278.83 1055.77**
Y xL O X Jl 15 1974.83 131.66**
Error 1 Y sl 72 189.00 2.62
Genotype (G) oS 55 9 980.33 108.92**
GxY e X O3 935 27 299.08 11.08**
GxL O X g 45 583.13 12.96**
GxYxL e X Jx g3 135 957.12 7.09%*
Error 2 Y ol 648 1221.05 1.88

**: Significant at the 1% probability level.
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Table 4- Analysis of variance of genotype- environment interaction for white sugar

yield of sugar beet cultivars based on AMMI model

o IR ST Slas o soen Sl o o Silee s o=kl s bl
Source d.f. Sum of squares Mean squares Relative variance ~Accumulative variance
PC1 31 672.07 21.68** 36.50 36.50
PC2 29 454,12 15.66** 24.70 61.20
PC3 27 218.76 8.10** 11.90 73.10
PC4 25 140.65 5.63** 7.60 80.80
PC5 23 117.16 5.09** 6.40 87.10
PC6 21 86.52 4.12** 4.70 91.80
PC7 19 67.56 3.56** 3.70 95.50
Residual 32 82.49 2.57 4.50 100.00

**: Significant at the 1% probability level.
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Fig. 1. a): Biplot white sugar yield of sugar beet cultivars with first principal component

of genotype xenvironment interaction (AMMI1) and b): biplot of first and second

principal components of genotype x environment interaction (AMMI2)
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Table 5. Estimation of phenotypic variance components of white sugar yield obtained

from linear mixed model for sugar beet cultivars

o=bols odkdaz 5 lols

Component i3 Variance Explained variance
Genotype oS 5 1.04** 22.28
Genotypex Environment Loa X OS5 555 1.75** 37.42
Residual s tldl 1.88 40.29
Heritability (%) ) g pdcit,yy  91.80 -

Accuracy ECTRCQICIN 0.96 -

foe sl oS 5 o5 Soan 048 -

**: Significant at the 1% probability level.
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ABSTRACT

Sadeghzadeh Hemayati, S., Saremirad, A., Hosseinpour, M., Jalilian, A., Ahmadi, M., Azizi, H., Hamidi, H.,
Hamdi, F., and Matloubi Aghdam, F. 2022. Evaluation of white sugar yield stability of some commercially
released sugar beet cultivars in Iran from 2011-2020. Seed and Plant Journal 38: 339 -364 (in Persian).

High yield and yield stability across a range of environmental conditions is one of the
main objectives of crop breeding programs. In this study, white sugar yield stability of
nine sugar beet cultivars commercially released in Iran from 2011 to 2020 with an
introduced foreign cultivar as check was evaluated using randomized complete block
design with four replications in six research field stations; Karaj, Ardabil, Kermanshah,
Mashhad, Moghan, Miandoab, in four cropping seasons 2017-2021. The combined
analysis of variance revealed that effects of genotype, year, location, and year x location,
genotype X year, genotype X location and genotype x year x location were significant
(p < 0.01) on white sugar yield. Analysis of genotype x environment interaction showed
that the first seven components were significant (p < 0.01). Based on AMMI1 analysis,
cv. Asia, cv. Shokoufa and cv. Arta had white sugar yield stability. Linear mixed model
analysis showed that the effects of genotype and genotype x environment interaction were
significant (p < 0.01) on white sugare yield. Based on the BLUP method, cv. Perfecta, cv.
Asia and cv. Shokoufa had the highest predicted mean value of white sugar yield. Biplot
of white sugar yield with the WAASB index showed that cv. Asia, cv. Arta and cv.
Shokoufa had higher sugar yield as well as higher white sugar yield stability. Ranking of
sugar beet cultivars based on WAASB/white sugar yield ratio identified cv. Arta, cv. Asia
and cv. Shokoufa as high yielding with white sugar yield stability. Simultaneous ranking
and selection of cultivars based on 50:50 WAASB/white sugar yield ratio resulted the
same. Therefore, cv. Asia followed by cv. Shokoufa and cv. Arta had relatively higher
WAASBY indices. Considering the results of this study, cv. Asia, cv. Shokoufa and cv.
Arta were identified as high yielding with higher white sugar yield stability.

Keywords: Sugar beet, likelihood test ratio, linear mixed model, simultaneous selection,
principle component.
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