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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) is produced worldwide due
to its economic importance in sugar production.
Evaluation of different traits in sugar beet plays an
important role in understanding the interaction between
hybrids and their related characteristics. To achieve this
goal, researchers use various statistical multivariate
methods, which enables a comprehensive interpretation
of the interactions of hybrids and traits. As sugar beet
production expands beyond conventional areas,
breeding is necessary to develop new cultivars and
evaluate imported foreign cultivars. Quantitative traits
pose challenges in selection programs because heritable
variation is often masked by non-heritable variation.
This study was conducted with the aim of investigating
variety of agronomic and morphological traits of 20
sugar beet hybrids in the cold, semi-arid conditions of
northwest Iran (Miandoab) to determine hybrids with
high root yield and high sugar percentage.

Materials and Methods

After the usual autumn tillage operation, the plant
materials were cultivated in randomized complete block
design with six replications. The rows were set to be
eight m long with 60 cm the distance between rows. The
seeds were planted in rows with 17 cm distance and 3-4
cm depth. Initial seed placement exceeded the optimal
final density and thinning performed at 2-4 leaf stage.
Weed control in the field included manual weeding at
different stages as well as herbicide usage. Harvest was

done at the end of October and harvested roots were
weighed in each plot. Roots were transferred to the
laboratory and various traits such as sugar content (SC),
sodium content (Na), potassium amount (K), alpha-
amino nitrogen (AN), alkalinity coefficient (ALC),
white sugar content (WSC), extraction coefficient of
sugar (ECS), molasses sugar (MS), root yield (RY) and
tuber size (TS) were measured according to the
recommended standard guidelines. Data distribution
was tested using Ryan-Joiner's normality test, and
several descriptive indices such as average, minimum,
maximum and coefficient of variation were calculated
for traits to show the hybrids status in the studied traits.
The principal components analysis was used to reduce
the traits to a limited number of components, and the
coefficients of the first two components were drawn in
a two-dimensional graph to visually show the
relationship between traits. In order to simultaneously
display hybrids and traits in a single graph, a two-
dimensional biplot was created.

Results and Discussion

The highest and the lowest coefficient of variation (CV)
was observed in root yield (10.21%) and extraction
coefficient of sugar (0.52%), respectively. The
coefficient of variation of sodium content and root size
traits was relatively high, while the coefficient of
variation of sugar content and white sugar content were
low. For other traits, the coefficient of variation was
moderate. Principal components analysis showed that
four components had eigenvalues above unity and were
extracted, which explained about 88% of the variations.
These components were named impurity factors,

1Plant Production and Genetics Department, Faculty of Agriculture University of Maragheh, Maragheh, Iran.
*Corresponding author: sabaghnia@maragheh.ac.ir; sabaghnia@yahoo.com

2 Sugar Beet Research Department, West Azerbaijan Agricultural and Natural Resources Research Center. Agricultural
Research, Education, and Extension Organization(AREEQ), Urmia, Iran.


https://jsb.areeo.ac.ir/

wdiB L badye (4S9 o)y Slas (S el Lo

crystallized sucrose inhibitor, yield and, quantity and
quality inhibitor, respectively. The graph of the first two
components showed a positive relationship between the
amount of sodium and alpha-amino nitrogen, as well as
between root yield and tuber size. Also, there was a
positive  correlation between sugar extraction
coefficient, sugar grade and white sugar content due to
closed angles between vectors. The graph of the first two
main components of sugar beet hybrids separated them
into four different groups, the fourth group includes 5
hybrids (1, 6, 8, 12 and 13) and in terms of
characteristics such as sugar extraction coefficient,
white sugar amount, root yield and the size of the tuber
was significant. The amount of potassium, alkalinity
coefficient and molasses sugar of this group was low, so
these hybrids can be introduced to regional performance
tests for further investigation to be evaluated in terms of
performance and quality. Although, most cultivated
varieties of sugar beet in Iran are imported from
European countries and have high yield and sugar
content, but their environmental adaptability has not
been well established, so their evaluation is important to
meet the necessary condition. Evaluation of different
traits in sugar beet showed that root size was related to
root performance, while quality traits (sugar and
minerals) were less related to root yield, while
qualitative traits (sugar and minerals) were less related
to root yield and alkalinity coefficient also had a
negative effect. The use of multivariate statistical
methods facilitated the valuation of hybrids and traits
and can be valuable for selecting the best sugar beet
hybrid and providing some basic information for the
genetic improvement of sugar beet hybrid and providing

some initial information for genetic improvement of
sugar beet in future projects.

Conclusion

Five hybrids (1, 6, 8, 12 and 13) were identified as the
best hybrids in terms of sugar extraction coefficient,
white sugar content, root yield, and tuber size. The
biplot graphical method was suitable for understanding
the pattern of combination and trait interaction in sugar
beet.

Keywords: Biplot, Principal Components analysis,
Root yield

References

Abbasi Z, Majidi MM, Arzani A, Rajabi A, Mashayekhi
P, Bocianowski J. Association of SSR markers and
morpho-physiological traits associated with salinity
tolerance in sugar beet (Beta vulgaris L.).
Euphytica. 2015. 205:785-797. Doi:
https://doi.org/10.1007/s10681-015-1408-1

Hu XH, Jian-Zhou C, Hong-Yang Z. Comprehensive
evaluation of different sugar beet varieties by using
principal component and cluster analyses. Journal of
Physics: Conference Series. 2019. 1176:042021.
Doi: https://doi.org/10.1088/1742-
6596/1176/4/042021

Liu, D., Wang, X., Li, W. Li J, Tan W, Xing w.. Genetic
diversity analysis of the phenotypic traits of 215
sugar beet germplasm resources. Sugar Tech. 2022.
24, 1790-1800 Doi:
https://doi.org/10.1007/s12355-022-01120-8



-
(A IPrY
. ;r{:!C}"s...‘ - !
&
i

g v = ,4.;//‘;: :/:. | éoﬁ

SBAI Journal Home Page: https://jsb.areeo.ac.ir L

T8 joike (sUaay pud 1 (B0 13 A8 L dad jo (&S g (81,5 Slao 5l (B go8 Jalod
' So (il aen Ty ) doguane {298 (oS Figlio ol

VYN il oyl VEYIOIVA il ol

gy allde go
DOI: 10.22092/JSB.2024.366731.1367

A8 ke LBy sy e (B B L b a8 ol Glas (S pel oo IF Y ((So o0ls .z g ey 0 i > 98 .S Liflo Ly
AEES

e

30 byl Cod 180 G b (Bolal Jol glaSoly z5b B p3 w8 )uide dy e Vo oy 0 Bad b adlllae ()
¢ dizol (359 iy i uawlly lgine wid jle Wil s b el (Clgsile) Glnl @ pf Jlowd Siid dows
VLJUIPSYC 31 K PEW. PR JUN PYpRVE TP v IV S PEW.PRY-3) KV PRoi | SARVE WS WS ve gy | WL S o0) FEVRW: g N FEPRV
1)1 adio yloa a5 31> (LS ol (srailie a4 o0 u3,5 oallie Ay 3,0 Gl 45 Ol pudl G 0 (1 yalu
Jolge Cud 7 s adlgo (. Aidged dwdgi 1y ol puadi 51 duo )3 A Dgus oS Waud &l pSuiwl g 8390 S (sYU 2529 m3lEo
O Camno bl 41 Jol adlae 93 415500 .diud (6,135 0U cCuS 9 CroS 85,1051 93 o ¢ yghito 5,5 813 )13 5L ¢ B
o (ot (Gte (Snsod (ol 315 LS 1y duiiy y 05151 g dudy 5 3,Shes oy (oiceod 9 dinel (5954 9 wabuw jldo
Jol (ol ailge 95 jl3g05 (Cuild 3529 )13 (0 dlw (SLilgj dlamlgay (Al W3 o3 g A3 e S JLasci
0351 (M 5 VT A & 1) s pead O ol a2 03,5 5 3905 S iz 09,5 ;e & 1y Uyl ity ooy
e 231 a5 I gy 0310 g iy 3,k oS w8 03 €55 Lol o 5 U 31 st Sy B 51 3
SLoblojl 4y iy (owypt Coa lgF o0 Ty Loy e (!l 1) 0392 (o 29,5 (2l oMo 98 9 (W o o oy
S 18 (25 290 CusS 9 5, Sdos S5 51U 2905 (Byre 3 Sdes (sl

2993 ges ety 3,Shos Lol cbailhe 4 4o 158 Lol

ol 135 i IS 0593 9omishs asbbl 5l &St dlio ol - T

Ol o il ym ORI ¢ 55l 01Stils (LS K55 5 A5 05,5 sl )
BY sabaghnia@maragheh.ac.ir; sabaghnia@yahoo.com : Jstue e g —

Il dsagyl «65)3LS sy g bigel lisios lojl (o (Ll b @lie 5 (6505l Sjsel 5 Dlidod S je lB)atie Cladod (isy (sdagh bkl Y
ol e il pn olSls 55,58 2K o LS (K55 9 Mg 095 ¢ ol (o3l 5 e bl bt 1S e el il ¥


https://jsb.areeo.ac.ir/

i e S 5 oy Slin ) S 95 oo

2 Jyame opl cuiS pj pdaw 45 ,51.(Anonymous 2022)
& pxio &S Jaasey po pB)l jl edlatul bl 4 a5 029
ey M s il wigie 2k I3
OS5 bawgs (Jgazme 5l (sosd I i) Qlae 48,0
OB S ady dles u") 9 Olpl com (sl yguiS chJ‘ 0,8
P Adyuse cuiS (Anonymous 2022) sk g i
OBUSAIS (gl 5pgloges Jsmailty cnusgs Sl )5 (sl
Ol ddlyy A8 )i culS oS Cuol atdly ol yor 4
ly pB Slse el g 3905 ggtie |y l,glaS” el
Ll Ko il )l

Jxe iy dNasri et al. 2012) adlbe 5 5
9 IS 5 Ljg ey St (jg 40 (LS A g S
K39 A8y iser ity 3,Skae Slio (53886 S 5 g
20,8 Ay Jde cpl b adyy 5,Sles ul)w.,mlu)mg
9 04wy Sl A dw L @Mol L}JY ¥Y c‘_,’.mJLo)T
4 Cuglio Mo yd )8 ke liae ((59)a8lw duo yd Slaw glas
J}b 54.&:1)”) L}f ujs ‘o.\;me a8l &LO))‘ sj).’ RSN W ‘LO)M)
WS g o3y s dre s e > Ady) B g ady,
e T
(55593 adllas ;> .(Mohamad-Yosefi ef al. 2016) 405
Sxog Olen plp p aBue gl Sl
algd &S WS )8 Al dw D 5 b (wyp 2W3eS i)
S Aoy palBl s i) 0,Sles Wl &g dlas
Frog)S Ol palls K3 0djl g glseinl ao ) (alls
;| Gua .(Nabizadeh and Fotohi 2018) 15,5  slwlis
Loty et (S259998)90 9 (£1)) Clao g9 (g adlllas
gVl 438 1ioys 5 iy (V1 3 Slac |y oy et (s 5
L g 9 dlge

olyor 4y (G15 b G1) myas b s VO Baios (pl 5o
SEO Jods) aiByuise I3 sald aw 5 )6 aald 9

o

LVRUTY
Cuodl > & (Beta vulgaris L.) L3,xss
Do clS e gl S0 We ol eolal
ol ) gl 4 byye o Shg 5 by o Jlite
Sl 3j9e 3 1) abpin Lkia 2eiz (b))
slob Hlaisds ash s o &l Calisee slalas b Joae
RISl (K3els8ree s Sy 9 8 s a3 Slos
Cawl oo s Jaae (oolaiBl (5Bl 5 ol 5)Sas
5l oldisee «Ban cpl 4 sliws sly (Azizi et al. 2021)
gloddlie 4 o8 dilo aliseo o pitoriz g )lel sla by,
G jiiSeny | zols (gymds &S WS o odlaiel Lol
3 1 38,05 155 o T e e |y i
S pB )l slml gl (golBd el o (B 1S powpe bl
ol 38des 9 (5l sl ()98 Sl pB) (L5
g ire S 5 g b ayy 3,8bae b ) Glao oo
(Hasani et al. cul (gm0 88,05 \Jg5 (g ilwdins sy

.2021)
dote Jlo gipgliS g 15e plojles Lol Ll
2 olpl A8 use culS ) daw (Anonymous 2022)
Cadld py Ay oy ygele g Dgd &S 004 {52 A Dgus
3 2y 393 el ) ot i e (0] 298800
slalnse sblie ) odes jsbay g il s Ko clolw
ol ol Jaame S wolS pl 4l pf pule b 0 Mo
Se) ge sl Sl dge (SBi b b cny
Mg sl oo sl P4 oy gl sl Slaw
5 ol Jaine bl o S5 W clp ol pls odle
.(Mohammadian 2015) 5,5 . ,,3 odlitwl 5)90  olgn
O Ogslee VE e 393 )3 a8 paise Sl Mg e Jlo



Jitio oBtylojl 4y iy ) ugus S5 (25 )5 5 50 0
A5 2> dle I alisee Glho s D 45 oS Liged g
(2llB oy caliol (13505 5 prces ety (Slsime (B
oyd iy o3l (Al W8 do s (S ezl co s
el sl Jalyghs 3ib cdiy 3Skac 5 Do 43

585 D9l b g s pS05lul (Li et al. 2022) (odlpiiiay
skl ogail 3 odlizal b laosls Jlop @i ()
pbl (Minitab) o sue )38l 5 aluwsas (Ryan-Joiner)
5 dpdin dineS ((1Ske b 5l eogi (adld (pan b
oypiakiz gy jl oAb dusle Slio (gly Olpudd oo
Mg 4y b pe Slao (ialS (gl ol cloadlye 4 420
2olie oS oladdlie Colps o a edliwl adlge 3l (gd400
odlanl 390 Wodld ot (gl g K 5l 5SS, bl oug
9 olps lin o bl (spar Givles slp .cd)5 18
S Sy (g A5 o g fo305 S > ) alge
9 el pd dagl (saneg)S g aB iy slad e o bLS)
355 ey S0 (Ggd 4900 Sy 53 Loy p ol adlhe
Sy eely hagel Su ) Glao g ok s Glojen Hlales il

b bl (biplot) asg90 (SaSTy jlages

VEY [Nojlods /§+ s /455 ks

2 9 b Ay A8z Hh And g Pl Clidsd duwle
e WV iyl b oS cpl e85 515 (cw)p 3090 (258
o b 3,5 o de 3 Vo g i cud 4 ol gl Sl
Gy ol Jgese (659 Cldas pbonl I Gy ol
las JolS slacSsl 24l B j5 alS slge cdilaio B ye
CuiS VRD Jlae b )3 (Ko o b sl yo 4S5 S L
ey o dold 5 o Cuin Job 4 cuiS glacayd, N0
b lacisd) g9y byl - 03)8 laii yio il £v (e &
WA culS e Il Hloa U dw Bes g o il VY alold
Cdy 515 dige 25 o515 3l i) (555 )3 gl 65551,
3y90 S35S Al plol (S e U 9> alsye 53 (13,55
YO+ 5 Cliud poggel JiSh 3 pySokS Yoo ol oslil
CllS loj 53 (sos) o9l JSS & (39 S )3 p)SolS
oS (ool 1 odlizl (LS i U Yl Abye 3 oo +
c\]oy)p OYlas! 9 T > )l odlaiwl l.a olﬁf L?’—l )l.u u»lwl »
aeyye i sbdile S b el oS 4o ol
b yiScale | oolaiwl g calisee Jolpo o gwd g Jolis

caly p gbaddy, g o plool oloppe Blgl 45 cuildy g

GBSl 3 (o 3y90 WB N Ny Ve o)l 9 ST Joua
Table 1. The code and pedigree of 20 Sugar beet hybrids which studied in this research

R o5 R
Code Pedigree Code

Gl  (7112xSB36)xSB34-P.1  G8

G2  (7112xSB36)xSB34-P.6 GO
G3  (7112xSB36)x89003-P5  G10
G4  (7112xSB36)x89016-P.2  G11
G5  (7112xSB36)x89016-P.3  GI12
G6  (7112xSB36)x89016-P.4  G13
G7  (7112xSB36)x89029-P.1  Gl4

0,5 iy 0,
Pedigree Code Pedigree

(7112xSB36)x89053-P.2 Gl5  (7112xSB36)
(7112xSB36)%31283-P.6 x31285-P11
(7112xSB36)x31283-P.9 G16 SBSI-1
(7112xSB36)x31285-P1 G17 SBSI-19
(7112xSB36)x31285-P5 G18 F-20704
(7112xSB36)%31285-P6 G19 F-20707
(7112xSB36)x31285-P10 G20 SBSI-4
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Table 2. Description statistics of traits in 20 sugar beet hybrids.

Slao Joly oSl Sl Ao Ao Ol o b
Traits® Unit Mean Median Minimum Maximum Coefficient of variation (%)
SC % 18.63 18.60 18.23 19.26 1.42
Na mEg/100g 1.18 1.18 1.01 1.33 7.90
K mEqg/100g 5.14 5.12 4.95 5.34 2.37
N mEg/100g 1.27 1.28 1.13 1.37 4.30
ALC % 5.08 5.04 4.72 5.49 3.46
WSC % 16.05 15.98 15.62 16.69 1.86
ECS % 86.13 85.94 85.52 87.11 0.52
MS % 1.98 1.98 1.85 2.10 3.02
RY t/ha 23.08 2321 19.83 29.33 10.21
RS cm 31.23 3145 27.83 34.26 5.51

e AWSC) (ol 15 10 ALC) b o yN) sl 353555 K)ol {Na) g (SC) 13 e 5 510 e ol ©

(RS) ady, o5l g (RY) ady 3,5kes ((MS) udlo 438 1oy (ECS) S Jlaets
¢ Traits are: sugar content (SC), sodium (Na), potassium (K), alpha-amino nitrogen (N), alkalinity
coefficient (ALC), white sugar content (WSC), extraction coefficient of sugar (ECS), molasses sugar

(MS), root yield (RY) and root size (RS).
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Table 3. The principal components analysis (PCA) coefficient for studied traits in sugar beet hybrids

olio Jol hol adlye o> ol addie  pow loladie  p)lea ol adie
Traits® PCA-1 PCA-2 PCA-3 PCA-4
sC -0.366 -0.097 -0.290 -0.420
Na 0.352 0.047 -0.049 0.226
K 0.278 -0.393 -0.011 -0.551
N 0.323 0.374 -0.366 -0.237
ALC -0.093 -0.628 0.398 0.033
WSC -0.406 -0.044 -0.243 -0.315
ECS -0.453 0.109 -0.066 0.015
MS 0.415 -0.210 -0.068 -0.284
RY 0.052 0.298 0.399 -0.425
RS -0.082 0.288 0.627 -0.226
o ylde

Eigenvalue 4.74 1.77 1.37 1.01
olly 2oy

Proportion variance 47 18 14 10
225 by

Cumulative variance 47 65 79 88

30> ECS) 155 Jlasrial gy AWSC) (s 15 10> JALC) (ol et pdN) izl (355K ) by {NA) et (SC) 13 e 5 e e o ®

(RS) aiy, o 5 (RY) ady, 5,Sks (MS) LoDl 133

¢ Traits are: sugar content (SC), sodium (Na), potassium (K), alpha-amino nitrogen (N), alkalinity coefficient (ALC),
white sugar content (WSC), extraction coefficient of sugar (ECS), molasses sugar (MS), root yield (RY) and root size

(RS).
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Fig. 2. Two-dimensional plot of the first
component versus the second component in 20
sugar beet hybrids.
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Fig. 1. Two-dimensional plot of the first
component versus the second component for
various evaluated traits in sugar beet hybrids
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Table 4. Means of sugar beet traits for four identified

groups of hybrids

olio =l Jsless P93 09,5 pow 095 Pz 095

Traits” Unit Group-A Group-B Group-C Group-D
sc % 18.43 18.95 18.51 18.80
Na  MEq/100g 1.237 1.062 1.221 1.147
K mEQq/100 g 5.218 5.098 5.158 5.012
N mEq/100 g 1.275 1.202 1.315 1.251
ALC % 5.143 5.204 4.935 5.011
WSC % 15.81 16.44 15.91 16.28
ECS % 85.72 86.68 85.92 86.54
MS % 2.024 1.915 2.003 1.920
RY t/ha 22.43 21.40 24.27 24.44
RS cm 30.21 31.09 31.77 32.50

Jlazinl ey s (WSC) Lol 48 2oyd (ALC) ol o pi (AN) (59555 giuel W (K) palis jlade (N@) gouw slgizes (SC) i3 jle 1l il le elan®

(TS) ady ol 5 (RY) ay, 5,Skes (MS) sde 13 (ECS) S

¢ Traits are: sugar content (SC), sodium content (Na), potassium amount (K), alpha-amino nitrogen (AN), alkalinity
coefficient (ALC), white sugar content (WSC), extraction coefficient of sugar (ECS), molasses sugar (MS), root yield

(RY) and tuber size (TS).
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Fig. 3. Two-dimensional biplot of PCA-1 and PCA-2 for measured traits of 20 sugar beet hybrids.
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