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To evaluate the phenotypic and genetic relationships of traits affecting white sugar
yield, 13 foreign sugar beet genotypes were investigated. Genotypes were assessed
using a randomized complete block design with four replications in Karaj and
Hamadan stations in the 2022 and 2023 crop years. The results showed that three
genotypes F-21374, F-21375, and F-21092 produced the maximum white sugar
yield. In two locations, the phenotypic and genetic correlation of white sugar yield
with sugar content, white sugar content, alpha amine content, and sugar extraction
coefficient was positive and significant. At the same time, it was negative and
significant with root sodium and alkalinity content, and molasses sugar percentage.
In the Hamadan, root yield, sodium content, and sugar extraction coefficient
(R?>= 89.99) were the most influential traits of white sugar yield. In the Karaj,
sodium content, root yield, and alpha amine content (R>= 96.8) were the most
influential traits. In the Hamedan, root yield, sodium content, and sugar extraction
coefficient had a positive and significant phenotypic and genetic effect on white
sugar yield. Root yield and alpha amine showed a direct positive phenotypic and
genetic effect in the Karaj. In contrast, sodium content showed a direct negative
phenotypic and genetic effect on white sugar yield. Based on the biplot analysis
results, the first two factors explained 78.5% and 88.80% of the total data variance
in Hamedan and Karaj, respectively. Two genotypes F-21375 and F-21092 were
identified as suitable genotypes, and root performance and sodium content were
recognized as the most effective traits.
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Row Genotype code Company Row Genotype code Company
1 F-21370 Maribo 8 F-21377 SVH
2 F-21371 Maribo 9 F-21410 Hilleshog
3 F-21372 WHBC 10 F-21411 Hilleshog
4 F-21373 Kuhn & Co 11 F-21412 Hilleshog
5 F-21374 BTS 12 F-20940 (Denzel) Strube
6 F-21375 KWS 13 F-21092 (Melinda)
7 F-21376 KWS
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Average temperature (°C) Rainfall (mm)

Month Karaj Karaj Hamadan Hamadan Karaj Karaj Hamadan Hamadan
2022 2023 2022 2023 2022 2023 2022 2023
January 4.20 5.10 10.00 6.00 57.20 28.10 42.80 26.12
February 7.50 9.90 8.20 7.20 1.40 84.60 20.60 32.01
March 12.90 13.30 14.50 10.50 101.60 25.40 25.9 31.52
April 15.20 22.00 15.50 13.50 32.00 85.40 6.61 10.12
May 24.30 25.20 20.10 24.10 11.70 20.90 7.30 3.00
June 29.50 31.90 24.52 25.50 0.00 0.00 1.6 12.18
July 31.10 32.20 32.00 33.00 0.00 0.30 0.00 0.00
August 28.70 30.90 31.70 30.50 0.00 0.00 1.81 0.00
September 25.70 28.20 23.20 25.60 30.00 20.30 22.40 10.62
October 18.30 18.40 16.25 18.50 75.20 8.40 46.00 32.18
November 11.40 11.00 10.55 9.50 11.00 64.40 15.70 13.20
December 5.00 7.80 8.20 7.18 28.40 54.80 25.00 24.15
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Stations Year pH EC (%) C.O NH, NO; P K Clay Silt% Sand% Texture
ds.m™! ppm___ ppm ppm ppm %
Karaj 1401 7.15 0.95 1.35 4.62 5.54 2.66 503 29.4 56 12.61 Silty Clay loam
1402 6.76 1.31 0.77 8.19 3.28 343 39.1 26.7 Silty loam
Hamadan 1401 7.93 6.14 0.45 - - 47.6 499 15.5° 27.5 53 Silty loam
1402 8.20 1.60 0.43 - - 14.2 3.52 26 21 53 Silty loam

@ baye (alb b ooy g (albl S doy a4 G S e  ddu) 0 Sles it (S50 ,Sas g (S0 Sas o sl
dyg0 Slho ,503 ab b S 5 M S5 5 ,Sles 5 S5 3 Shas O ygods sdolcundds polie w5 Lps ) lod
2505 25l ¥ BN Ly olsl 2 (g

Jlascisl bl 48 dojd= 8 do > — Mo B () akal))

oAl 18 > Slee= (LS jo o) dddy)y 0)Slos X Jlascw! LB 48 o) (¥ aaly)
. . Jlaseial 15 s 5 10

J.AJ ] G o= Voo X I (Y‘ dja.)‘))

SoleoT Julowi g 41y .Y
Siuad Calps 3y9] 1 s 55 Julow g 43555 SAS. 9.2 13818 5 5l edlatl b Waedld ¢ puil g 43505 ldg b (65,8 5l u
odlaiwl R )‘).9“9)1 Varlablllty A 9 (a 9 ¥ 10.:]9)) (Smgh & Chaudhury, 1985) 6)9.)95 9 Liu.ud L)*’9) )l uwy) 9 @”9‘3

1. Lead Sostat



FeF (099 6 lods qpuiicds 5 oloely 6,90 oy/p ] (2] GlOLS pale dlxo 1.

cov:
Toxy = e22e X 100 (f akal))
2 2
Opx XOpx

riey = g covyy
NRL
XY =Y 9 X o 93 G (igid (Shuarod
1gXy =Y 9 X Ciduo 90 (p (Suil) (Soisod
Geov(X,y) 9 Pcov(x,y)= Y 5 X Cio 80y (Su5 9 (g il ylgeS
Geov(x,y) g Pcov(x,y)= Y 9 X Ciuo 90 (S} 9 (il il lgeS
0%y 90X =.Y 9 X Cuo 93 i uillg
0%y 507X =.Y § X Cio 93 (S wib)lg
e Oyt ko 553 Ska islef (ol 5 s o (Dewey & Lu's 1959) 54 5 5053 oy oobal 1 e 2559
Pl Caa opiomen Lavaan di jl cule 455 ploxl (gl 508 48,5 a5 )5 it (sl pusite lgieds b ppite plo g dtly
W 00y 640 R 13810 5 50 Factoextra diws jl &My sl 5 Jole Judoo

;

x 100 (0 i)

) g g 3 saadl .Y
A8 doyd S 3, Sles i e )y 3,Sdes a5 5l Jlo o BMB] e 55 ol LS aedly S e wibylg LT ol
(P<11) oisine S Clise &S 5 5| oy 3y90 Slbeiss) (ot St f3isinn P/ 1) a5 3,Ske 5 i
A )5 (<)) G 3 Jlo GiS ek gyl €Ot dndo 415 o> 9 035 e ey 5,Shos (Sl 53 05 oanlie
3o O onl 2 i} m BNS 29y o gins (p<e/+0) dpdos 18 A2)d 5 (pe/2)) S8 3 Soe B jle p Jlo Sl S
Hizte 31 50 o6 (p<e/+)) koo 18 203 5 4B e (p<e/+0) itz 3 )SMae 392 I3 e gy 2 390 b iy 2 5 1
{F Jgiz) L9 igis > Jlo
Olwed e A —Y
AY/¥O ADIYY lawgio b i iy F-21092 9 F-21375 F-21411 (sbacuisii ol Hlis Jho 93 )0 bcadg) (x50l duglie guls
oylosd Sacaigi] b joSde (Slacuiph] (m BT wz jo il olaid] sg 4y ]y ady) 5o 0 VL U 53 o5 AFIVY 4
wudls 1y adyy 3,Shee Jolus SO/ lawgio b F-21377 caig adllae ol )3 390 I3 jae F-21372 4 F-21374 F-21410
Sy o1 (L5 gl (0 Joaz) 358 Jdgime adyy 3)Sdas jlai 5IF-21370 § F-21371 by b oy ol om S
sls olaidl a5 4 1) 18 Jle wSlus 2oy3 VA/+) g VANVY AANY bawgio b cud sy F21374 4 F-21092 F-21376
Qo D VF/FA Lwgio b 0 8 jle J8las g jIo gme F-21370 ¢ F-21375 o)l cadgil 93 b jsSde (sl i) cpo O
VIV basgio b F-21092 o)lod G 2 )51 (o) 3)90 locisd] oo 2 (0 Jgia) 38 <d F21371 o)led iy sl
5 F-21374 F-21375 ojloss oo b cuiesi copl o OMB Ll tcuih 1) (albl b 5 Sas Slis jliSa 3 o9
O eSS yd 5 Ve IFA g VooV lawgio b s ey F-21377 9 F-21371 gl 93 (355 oyl )0 g jl3 jixe F-21411
bwgio b o gt F-21374 5 F-21092 F-21376 sbvewss sh ol ol (0 Josa) 15,5 Lei |y Lallil 1S5 3, Slee
igii 90 b yoShe slacuwigy cp ML widhy jolaidl s 4 1) st S o yd (YL do 3 VEITA 5 VE/0+ NEIVY
Joi3) 08 €l F21371 oyl casiif cslpr 2oyd Vo /A Lawgio b 5 5 e J8las 595 15 sine F-21370 o F-21375 o,las
AU 0,8 ader |y b (S 0 Sloe oy 3 YL S )0 7 W/AS bawgio L F-21092 Coigis ol ()l (1xSke duwlio gols (0



" A i > (2B Glacad sl 40 dadw )G 0 Ko 4 yige Slio (K] 9 (a8 Loy 9 0 p]las fewdly (U]

iy F-21377 g F-21371 5935 93 355 (pl )0 g angd BB F-21375 g F-21374 o)laud Cuisij 93 b jsSde cudigif o
D Jgas) 10,8 Wdgi |y st S5 5 Sl JBlas ,lSa 3 5 MDY 5 VIVY Lawgio b
(@55) 591 5 Y-
g ob oladl o |y adyy 5, Sles yiShs LSa 3 $IVA/F Lawgio b F-21371 g} (awyp dy50 socaisd] oo 5o
O A IEA g AF/YY lawgio b 5 iy 50,Sdas oy jieS 39y bixe F-21372 9 F-21410 slacuisis b cuisiy oyl oo B
9 F-21376 uigii o0 ol oyl el pwSole duslio (V) Joio) cdl olais! F-21370 4 F-21373 g 90 & 4l o
S 1y uB Hle Blas s 0 WYY bwgio b F-21373 Cuigil g xSl duo 0 VE/OD 9 VEIAY lawsio b s yiay F-21370
S olaisl

VEISY g VEISA ASIM AV + Lagio b oo iy F-21092 g F-21371 F-21376 F-21375 oy 3y90 (sboiai] (pm
2o ) WY buwgio b dtw S 3 ySlas o yieS a8 Jbopd oy olaidl sgs 4 1) (aBb w5 Slas (o YL S > oy
9 F-21376 cugif 93 305 Sl dhes 55 20> i3 51 Loy (0o dumlie gl (B Jgi) 1 a3 F21373 gy sl
Vo8V 9 A/AY lawgio b i yiay F-21371 9 F-21373 slacuislj 9 yiSTas duo p)VF/VY g VF/FY lawgio b o yiay F-21370
buwgio b F-21376 Cuwig; 45,51 ol Ll baeawisl) pwSbe duolie ol olaid] 56 & 1) jbw S duoyd JBlis ds
F-21092 F-21375 slacuio; b cuissi cpl o GMBI Ll 0 olaidl s 4]y tbw (S do s Slis )l (o o5 VF/FY
A5 Cad duo ) MYY Lawgio L F-21373 il (slp 3855 oyl 30 Mt (S5 Ao yd (o yieS D90 )3 me F-20940 4 F-21374
(8 Jga2)

dy o a5 g JI0y65 0 Jod BB LaS g oS Sluogas I F-21092 5 F-21375 cuiis 99 Linlejl e 93 y2 p
dnwgi (slp (Mol sladsliyy )3 (S5 g9 il Jloyg  gblie pl > cutS (gl (VL 3)Shos Jouilis | csgif 9 0l
Rashad & Sarker, 2020; ) sl Sla olep g of lisee balpd 3 (6)B5ke 9 YU 5,Slee Jowsly b wis claas )l
SNlooyS cud B juse dlse eyl w1y (SB) gal g v Glallas (Faysal er al, 2022
.(Mohammadian et al., 2024; Ebmeyer ef al., 2021; Sadeghzadeh Hemayati et al., 2024)
S deoyd S 0 Sles i Hle iy 0 Sles b b S0 0 Sles (S5 g aedgid (Sused Jlw 93 £aezme 10 lben
b Cho cpl (S5} 9 (andgd (Siuad oS b p3 gy (p<o/+ V) I3 dime g Casto 48 Jlastinl oy g ool W (cgimo cubas
39 St alyd VL oy ol 3 9 (Pe1N) Jaiine g ite oMo 4B a0 > g ady) ARSIl ey s (s53ve
Ol o (S5 g aied e ulpd p Vb aS Jb s wd cud S oSl b b (S0 Slas Glao o (S5 g
(£ Jods) i odaliie (Mo W8 Mo yd 5 A8 Jlastis] o o



FeF (090 8 ylods qpuiicds 5 oloeiy 6,90 oyp) (1) HoLS pale dlxo

nr

S 5 Mes )3 48 ks Gbess) (S Cluogad 5 3,Slas (S iy JUTE Josa

SOV Root yield (t.ha ) Sugar content (%) Sugar yield (t.ha ") White sugar content (%) White sugar yield (t.ha ")
Df Hamadan Karaj Hamadan Karaj Hamadan Karaj Hamadan Karaj Hamadan Karaj
Year (Y) 1 7696.43%* 43.95m 182.71%*  10.12*¥*  615.46** 18.22%* 195.85%* 14.17* 508.64** 21.46"™
Y x Replication 6 177.61 271.18 1.309 0.01 9.50 597 2.15 0.58 8.32 7.60
Genotype(G) 12 399.45%*  681.38**  18.93** 7.91%* 30.15%* 18.81** 27.96%* 14.19** 30.04** 18.55%*

Yx G 12 254.02%* 150.02* 3.00%* 1.527%% 5.32m 2.95m 4.24%* 3.12%* 4.17" 3.07"

Error 72 111.15 76.92 1.180 0.48 3.65 2.41 1.699 0.73 2.88 2.05

CV% % 14.08 8.42 6.37 4.59 14.80 9.86 9.22 7.07 15.81 11.41

", * and **: non-significant, significant at 1% and 5% of probability levels.
@ 5 Ohed (e 53 ) (&S Sliosas 93l a5l ) 0)50 1B iy lacig) (ke alie 0 Joda

Root yield (t.ha ") Sugar content (%) Sugar yield (t.ha ')  White sugar content (%) White sugar yield (t.ha )
Genotype Hamadan Karaj Hamadan Karaj Hamadan Karaj Hamadan Karaj Hamadan Karaj
F-21370 68.38de 90.69¢ 18.16ab 16.55a 12.53def 15.02bc 15.71ab 14.12a 10.84cd 12.81bc
F-21371 67.64de 119.04a 14.48¢ 14.05¢ 10.07h 16.68a 10.98e 10.61fg 7.74g 12.58bed
F-21372 75.64abcd 111.33ab 15.90d 14.36de 12.17defg 15.95abc 12.63d 10.85f 9.69def 12.05¢cd
F-21373 72.15bcde 84.27¢ 15.91d 13.29f 11.51efgh 11.17d 12.84d 9.84¢g 9.29defg 8.24¢
F-21374 79.40abc 101.63cd 19.01a 15.81b 15.11ab 16.23ab 16.48a 12.94b 13.10ab 13.36abc
F-21375 84.45a 109.69bc 18.21ab 16.87a 15.38ab 17.10a 15.44ab 12.53bed 13.03ab 13.75ab
F-21376 71.25bcde 100.09d 19.13a 15.58bc 13.66bcd 16.88a 16.71a 14.42a 11.93bc 14.42a
F-21377 65.13¢ 106.75bcd 15.80d 14.92cd 10.48gh 15.94abc 12.83d 11.99cde 8.54fg 12.82bc
F-21410 79.94ab 112.78ab 16.01d 14.46de 13.03cde 16.26ab 12.72d 11.32ef 10.43cde 12.72bc
F-21411 85.3a 99.86d 16.8cd 14.6de 14.5abc 14.6¢ 13.7¢d 11.3ef 11.8bc 11.2d
F-21412 69.1cde 107.45bcd 15.8d 14.9cd 11.0fgh 16.0abc 12.6d 11.7de 8.7efg 12.5bed
F-20940 70.3bcde 104.09bcd 17.3bc 15.4bc 12.2defg 16.0abc 14.5bc 12.6bc 10.3cde 13.2abc
F-21092 84.2a 107.06bcd 19.1a 15.5bc 16.1a 16.6a 16.5a 12.7bc 13.9a 13.6ab

Means in each column, followed by a similar letter(s) are not significantly different at the 5% probability level.
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Traits RY SC SY WSC WSY Na K N Alc Pur Ms
Root yield (RY) p 1
g 1
Sugar content (SC) P 0.31*
g 0.04nrs
Sugar yield (SY) p 0.84 ** 0.75%*
g 0.87** 0.85%*
White sugar content (WSC)  p 0.26 ™ 0.99%** 0.72%%*
g 0.04ns 0.99%* 0.81%*
White sugar yield (WSY) P 0.75 ** 0.85%* 0.98%* 0.82%*
g 0.79%* 0.92%* 0.98** 0.89**
Sodium (Na) p -0.16 ™ -0.88%* -0.58** -0.90 ** -0.69%*
g -0.2218 -0.88%* -0.61** -0.90** -0.71%*
Potassium (K) p 0.14m -0.30* -0.091s -0.31* -0.16™ 0.02ms
g 0.05™ -0.291s -0.14 s -0.27 s -0.17m -0.08"s
Alpha amine (N) p 0.48%* 0.82%* 0.77%* 0.79%* 0.81** -0.62%* -0.32%
g 0.67** 0.90** 0.90** 0.88** 0.93** -0.64%* -0.05m
Alkalinity (Alc) p -0.35%* -0.92%* -0.74%* -0.93%* -0.82%* 0.84** 0.34* -0.89%*
g -0.04n -0.99** -0.83%* -0.98%* -0.90%** 0.84** 0.24ns -0.94%%*
Sugar extraction coefficient p 0.16™ 0.95%* 0.63%* 0.97%* 0.74%** -0.95%* -0.28* 0.71%* -0.91**
(Pur) g 0.27" 0.96** 0.69** 0.98** 0.79%** -0.96** -0.17m 0.79%** -0.94%*
Molasses (Ms) p -0.06" -0.90** -0.53%* -0.93%* -0.66** 0.94** 0.34* -0.64%* 0.87%* -0.98%* 1
g -0.14ns -0.93%* -0.60** -0.95%* -0.71%* 0.96** 0.17m -0.73%* 0.90** -0.99%* 1

™ * and **: non-significant, significant at 1% and 5% of probability levels
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Traits RY SC SY WSC WSY Na K N Ale Pur Ms
Root yield (RY) p 1
g 1
Sugar content (SC) P -0.08"
g -0.15™
Sugar yield (SY) p 0.81 ** 0.51%*
g 0.74%* 0.24ns
White sugar content (WSC)  p -0.11m™ 0.98** 0.47**
g -0.20ms 0.99%* 0.93**
White sugar yield (WSY) P 0.59%%* 0.72%%* 0.94%** 0.72%*
g 0.16™ 0.79%* 0.19 0.76%*
Sodium (Na) p 0.15" -0.85%* -0.36** -0.92%* -0.64**
g 0.25" -0.95%* -0.12m8 -0.96** -0.71%*
Potassium (K) p -0.01"s 0.18" 0.12m 0.11m 0.12ns -0.18"
g 0.05"s 0.11ms 0.16™ 0.14n 0.22ns -0.15"
Alpha amine (N) p 0.26™ 0.40%** 0.47** 0.32%* 0.45%* -0.15" -0.12m
g 0.64%* 0.15m 0.90%* 0.18 0.86%* -0.18" -0.30m
Alkalinity (Alc) p -0.31* -0.67** -0.66** -0.63%* -0.72%* 0.49%* 0.13m -0.73%*
g -0.58%* -0.76%* -1.0%* -0.72%* -1.03 ** 0.63** 0.01"s 0.91**
Sugar extraction coefficient p -0.13ns 0.91%** 0.42%* 0.96%* 0.68%* -0.97** 0.28 0.21m -0.57 **
(Pur) g -0.22m 0.98** 0.16"™ 0.99** 0.74%%* -0.98%* 0.23ms 0.16™ -0.70%*
Molasses p 0.18" -0.78%* -0.30%* -0.88%* -0.58** 0.96%* 0.13m -0.06" 0.42%%* -0.96** 1
(Ms) g 0.13" -0.97** -0.16™ -0.98 ** -0.66** 0.99%* -0.23ns -0.39ms 0.61%* 0.99 ** 1

" * and **: non-significant, significant at 1% and 5% of probability level.
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Traits RY NA PUR Correlate
Root yield (RY) p 0.64 -0.03 0.14 0.75
g 0.60 -0.07 0.26 0.79
e 0.04 0.04 -0.12 -0.04
Sodium p -0.10 0.23 -0.82 -0.69
(Na) g 0.13 0.34 -0.92 -0.71
e 0.03 -0.11 0.1 0.02
Sugar extraction p 0.10 -0.22 0.86 0.74
coefficient (Pur) g 0.16 2032 0.95 0.79
e -0.06 0.1 -0.09 -0.05

g Residual= 0.003 p Residual=0.0263

Sl b gyl slasl (Gl Shel) (K55 5 (YU Shie) igid o Sl b gy shiel 2,5 Ko 53 Lalls w3 Sas 1 5o Sl cule 45 & Jodo
(ol shael) (S5 g (YL slae) (ooSgid mudiams

Traits Na RY N Correlate
Sodium p -0.72 0.1 -0.02 -0.64
(Na) g 0.71 0.11 0.11 0.71
e -0.01 -0.01 0.09 0.07
Root yield P -0.11 0.66 0.04 0.59
(RY) g -0.18 0.46 0.18 0.46
e 0.07 0.2 -0.14 0.13
Alpha P 0.11 0.17 0.16 0.44
amine g 0.27 0.29 0.29 0.85
(N) e -0.16 -0.12 -0.13 0.41

g Residual=0.014

p Residual=0.062
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