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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,
crystallized sucrose inhibitor, yield and, quantity and
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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
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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 quantitative and qualitative traits in 20

sugar beet hybrids.
Slhs Joly oSbe $leo AeS Adin Olyass 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 mEg/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 N) sl 53555 K] sl {Na) g (SC) 13 e 5 510 e ol ©

(RS) acy, o5l o (RY) adyy 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 12> JALC) (ol et psdN) izl (355K ) by {NA) it (SC) 13 e 5 e e oo ®

(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

Slao s>l JslesS p9d 09,5 pom 095 pileg 09,5

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 mEq/100 g 5.218 5.008 5.158 5.012
N mEQq/100 g 1.275 1.202 1.315 1.251
ALC % 5.143 5.204 4.935 5.011
WSsC % 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

Jasisl gy (WSC) Lals 135 a3 (ALC) b ey {AN) 135525 sisel Wl (K panslty ko o(NA) gy (lsims (SC) i jles 351 Wl s s

(TS) ady ol 5 (RY) ay, 5,Skas (MS) _sde 3 (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 traits of 20 sugar beet hybrids.
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