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Table 1. Analysis of variance of different studied traits in sugar beet hybrids

e - G Sy S s s A e 3 Sas
e 211 Germination Growth . oAt
Source of variation . . . . Root yield Sugar content
df uniformity uniformity Sugar yield
s
# ) 4 0.06™ 0.64** 189.49* 7.00%* 317"
Block (adj)
L
o . 159 0.62%* 0.10™ 289.81%* 1.80%* 8.47**
Treatment (adj)
R Pl g
. 154 0.64** 0.17™ 313.36** 1.63* 8.60%**
Hybrid
dals
4 1.96%* 0.14™ 1298.61%** 7.98%* 45.56%*
Check
Ll
T AR 1 0.06™ 0.03" 69.77 24.53%% 3.99™
Hybrid vs. Check
s
16 0.09 0.09 61.29 0.63 2.63
Error
( ) Ol kS ey
N S st 6.68 6.26 11.34 4.58 13.59

CV (%)

.)'bdwxéjw)l‘}bdb'clﬂw)l)ljw:nS}*ﬁcﬁé

ns, *,and **: non-significant,significant at 5% and 1% probability levels, respectively
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Table 2. Results of some descriptive statistics of different studied traits in sugar beet hybrids

e Ol el ot
i oSbe N "’f . : Sl ol Control means
Trait Mean ‘z:’\‘/:" )SD Max Min L 153555 oS Sy Yo
Sina  Novodora Modex Loriquet  Pirola
&3 e S
(J"?""') ) 437 0.18 0.80 0.92 4.00 5.00 3.80 5.00 3.80
Germination
uniformity (score)
Gl dsy 2155
Growth uniformity 4.80 0.09 0.43 3.15 4.60 4.80 5.00 4.30 4.60
(score)
23 ) aday 3 Shee
OSs 69.29 0.24 16.81 108.70 943  59.98 82.31 51.27 87.11 56.78
Root yield (t.ha™)
(e y3) Lallsbs s
Suear content 17.21 0.08 1.39 20.76  11.92 17.35 19.38 19.91 17.57 17.21
percent)
33 ) Al s Slas
(S 11.86 0.24 2.90 18.39 1.66  10.38 15.89 10.19 15.27 9.74

Sugar yield (t.ha™)

CV: Coefficient of variation, SD: Standard deviation
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Figure 1. Phenotypic and genetic coefficients of variation of

different studied traits in sugar beet hybrids
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traits in sugar beet hybrids
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Table 3. Mean, components of phenotypic, genetic and environmental variance of different studied
traits in sugar beet hybrids

.. L S L R o A - KT S
e “ o -t P s s
Trait S B O S 5 S5 (sl e 4 (S55
PV GV EV PCV GCV ECV GCV/ECV
Sl S
Germination  0.64 0.55 0.09 18.27 17.01 6.67 2.55
uniformity
L S
Growth 0.17 0.08 0.09 8.69 6.04 6.25 0.97
uniformity
02 . 313.36 252.07 61.29 25.57 22.93 11.31 2.03
Root yield
AL s o 1.00 0.63 7.41 5.80 4.61 1.26
Sugar content
oAl 48 ; 8.60 5.98 2.63 24.69 20.58 13.64 1.51
Sugar yield

PV: Phenotypic variation, GV: Genotypic variation, EV: Environmental variation, PCV: Phenotypic
coefficient of variation, GCV: Genotypic coefficient of variation, ECV: Environmental coefficient of

variation.
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Table 4. Results of stepwise regression analysis in sugar beet hybrids

o ods )y Slins Py SR sl ol ol (ol o 2 S S i
o€ e & >, AU ol e .
Step Traits entered Bféa rsgsaélig%rd Standard t-value Paggfrle?gg%ﬁed Cumulative adjusted
into model ¢ O%fﬁ cient error coefficient correlation coefficient
1 22 0.975 0.002 80.154%* 0.894 0.894
Root yield
I 0318 0013 49.135% 0.099 0.993
Sugar content
Sl S
3 Germination 0.032 0.044 2.668* 0.001 0.994
uniformity

.)\}&n_,:.b_}u\.d_):\}de\da‘»_):)b&nlls;##c*

ns,*,**: non-significant,significant at 5% and 1% probability levels, respectively
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Figure 4. Pearson correlation coefficients of different traits studied in sugar beet hybrids.

(*, ** and ***: significant at the probability levels of 5, 1 and 0.1%)
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Table 5. Results of path analysis in sugar beet hybrids

. (e & 5 5.5 ¢ .
e ]Z“)irecjtll Z Indirect effect Jgo;relati\;n coéfﬁ:i;e;;
Trait effect L 2 N e Sl “’"’g . with sugar yield
Root yield Sugar content Germination uniformity
02 1.011 - -0.057 -0.0040 0.95%*
Root yield
A5 o2 0.321 -0.182 - 0.0005 0.14ns
Sugar content
Sl S
Germination -0.004 0.860 -0.035 - 0.82%*
uniformity
PREEEN _
Residual 0.002

.)l:wﬁbjw):\,odw»lcb,:)l: sxe NS g e o
ns, *, **: non-significant,significant at 5% and 1% probability levels, respectively.
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Table 6. Results of factor analysis in sugar beet hybrids

Sliw Jsl Jele S
Traits First factor sz(c::(t)(r)lrd
5 Sl S 0.923 0115
Germination uniformity
sy 3 Slas 0.966 0.172
Root yield
oAl 3 s Sl 0.967 0.105
Sugar yield
L S 0.250 0.774

Growth uniformity
SAEL 4 Aoy

-0.026 0.863
Sugar content
253 p3\ke 2.787 1.399
Eigen value
(A2 y3) g pilisls 55.74 27.99
Proportion variance (percent)
(42 )3) (rozei ilisly 55.74 83.73

Cumulative variance (percent)

L juktier (gl yop 53 anlllan 3530 Dlio sl (51 4855 4 51 ol (sl 03 8 S0 e s -V st
Table 7. Mean comparison results of the groups obtained from cluster analysis based on the studied traits in sugar beet

hybrids
Sliwe
055 Traits
Group ) e eSS Loy eSS a3 Shes SRR oAt s s Shes
Germination uniformity  Growth uniformity  Root yield Sugar content Sugar yield
103 8 o Sobe
f” e 4.99° 4.64° 81.78* 16.97% 13.89*
First group mean
05 5 ks
022055 o 471 5.53° 74.08% 18.49° 13.46°
Second group mean
03 8 oSl
e N 3.01°¢ 4.75° 47.09°¢ 17.67° 8.29°
Third group mean
L .cL
P47 00 o 4.02° 4.67° 60.07° 16.75¢ 9.99°
Fourth group mean
.Sl
& ok 437 4.80 69.23 17.25 11.88

Total mean

IS Sl pme oD JE!beijbl_ﬂé)b s Sl S e Cg o (s1ols Blusl O s a5
In each column, the means with at least one common letter are not significantly different based on the least significant
difference test.
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Figure 5. Dendrogram obtained from cluster analysis of sugar beet hybrids based on
the studied traits using Ward method (First group: red, second group: black, third
group: blue and fourth group: yellow)
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Introduction:

Breeders have implemented various breeding programs to improve the potential
performance and developmental process of high-yielding sugar beet cultivars
(Taleghani et al., 2022).The study of phenotypic diversity is highly recommended
as a first step before conducting in-depth biochemical or molecular studies. Hence,
morphological description is the most important issue in the process of studying
and preserving plant genetic diversity(Saremirad & Mostafavi, 2020). The use
of different traits to study phenotypic diversity reveals the genetic structure and
degree of diversity of the study population, which forms the basis of genetic
breeding(Rajabi et al., 2022). In breeding programs, with the aim of improving the
crop and increasing productivity, recognizing the genetic diversity associated with
important agronomic traits and also determining the relationship between them is

of particular importance.
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Materials &Methods:

In this regard, 155 sugar beet hybrids were planted in five incomplete blocks
at Khoy Agricultural Research Station during 2020 in the augmented randomized
complete block design with five controls including Sina, Novodoro, Modex,
Lorquite and Pirula. Germination uniformity and growth uniformity were recorded
during the growing season. The experimental harvesting operation was performed
by counting and weighing the roots in the experimental plots. The roots were then
transferred to the sugar technology laboratory of Khoy Agricultural Research
Station to be washed and prepared for a random sampling of pulp. To estimate sugar
yield, the first the root yield of each hybrid was generalized per ton per hectare
and by multiplying the percentage of sugar and root yield, the sugar yield was
obtained. Phenotypic, genetic and environmental variances, phenotypic, genetic and
environmental variation coefficients, general heritability and genetic advance were
calculated. After calculating Pearson correlation coefficients between the studied
traits, stepwise regression analysis was performed for sugar yield characteristics.
Then, according to the traits entered in the regression equation, path analysis for
sugar yield was performed. The experimental genotypes were grouped based on
the Ward method and the optimal number of clusters was determined based on k

means.
Results &Discussion:

The results of analysis of variance of the studied traits indicated that there
was a significant genetic diversity among the experimental hybrids in terms of
germination uniformity, root yield, sugar content and sugar yield. In all studied
traits, due to the influence of environmental factors on them, the phenotypic diversity
coefficient was estimated to be higher than the genetic diversity coefficient. Four
traits of germination uniformity, root yield, sugar yield and sugar content showed
high inheritance. Among the different studied traits, sugar yield and root yield had
a positive and a very significant correlation at the probability level of 0.1%. The
results of stepwise regression analysis confirmed that the three traits of root yield,

sugar content and germination uniformity accounted for more than 99% change in
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sugar yield. The results of path analysis confirmed the results of correlation analysis
and stepwise regression and showed that the most direct and positive effect is
related to the root yield. Based on cluster analysis, the experimental hybrids were
classified into four distinct groups; So that in the first group was hybrids that had

high uniformity in germination and good yield in terms of roots and sugar.
Conclusion:

Genetic diversity is now accepted as a special field that can contribute to
food security and nutrition. Genetic diversity of crops is the basis of sustainable
development. Therefore, there is a need to identify diverse genetic resources using
various statistical tools and employ them in breeding programs. In the present
study, genetic diversity in terms of different traits among sugar beet hybrids was
investigated using statistical methods. Theresults showed that there was considerable
genetic diversity among the experimental hybrids in terms of the majority of traits,
which confirms the extensive genetic variation in breeding hybrids, providing the
paternal basis of this rich diversity in the studied germplasm.The experimental
hybrids were divided into four heterotic groups for all traits. Given the diversity of
traits and experimental hybrids, hybrids with desirable traits can be selected based

on breeding goals and used in future breeding programs to achieve the goals.
Keywords: Cluster analysis, Correlation, Phenotypic diversity, Regression.
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