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Introduction

The evaluation of morphological, phenological and agronomical characteristics is one of the first steps for
the initial study of germplasm. It can also be conferred as basic information for the breeder to study genetic
diversity for particular purposes. Chrysanthemum (Chrysanthemum morifolium) is a perennial herbaceous plant
of the family Asteraceae with simple coniferous leaves and alternate arrangement on its branched stems and has
composite flowers. The first stage in breeding programs is to study genetic variation of the selected plants. This
study was conducted in order to evaluate the genetic variation of flower traits for selected Chrysanthemum
genotypes for three years. Researchers use different methods to estimate genetic diversity of plants including
DNA markers, isozymes and morphological traits. Use of morphological traits that are easily measured and have
high heritability is a convenient tool to assess the level of genetic diversity of plants.

Materials and Methods

The origin of the tested genotypes was from the gene bank of the Research Institute of Flowers and
Ornamental Plants. The results of random crosses between different chrysanthemum clones were evaluated. The
research was conducted for four consecutive years. The aim of the first year experiment was positive selection of
genotypes. In fact, the best genotypes were selected. In addition, negative selection of different genotypes was
performed. During this selection period, similar genotypes were removed. Selected genotypes (20 genotypes)
were evaluated based on a completely randomized design with three replications using seven morphological
traits including number of flower per plant, period of flowering, flower diameter, number of petal row, petal
length, Fresh weight and dry weight of flower. Statistical analyses including analysis of variance, correlation
coefficient, and heritability, phenotypic and genotypic coefficient of variation were estimated using SAS 9.0
software.

Results and Discussion

After performing Bartlett test and confirming the uniformity of variances, combined analysis was performed
for three years. The results of analysis of variance showed that the effect of the year was significant only for the
number of flowers per plant and the flowering period. The results of three-year analysis of variance showed that
there was significant difference among the genotypes for the number of flowers per plant, flowering period,
number of petal rows, fresh and dry flower weight. There was a significant difference (p<0.05) among the years
only in flowering period and number of flowers per plant. The highest variation observed between flowering
period and flower diameter. The highest coefficient of phenotypic and genetic variation obtained for the number
of petal rows, flower fresh weight and petal length. The lowest coefficient of phenotypic and genetic variation
obtained for fresh and dry flower weight and number of flowers per plant. The highest positive genetic and
phenotypic correlation coefficient estimated between flowering period with flower diameter, number of rows of
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petals and fresh weight of flowers which is important for the simultaneous breeding of these traits. The results of
this study showed that flower diameter, flowering period, petal length and number of petal rows showed high
general heritability. Therefore these results indicate that the selection process for these traits is effective and can
be used in the breeding programs. The results of this study showed that highest number of petal rows belonged to
B136 genotype. Genotype 31 with forty-three days of flowering period had the highest flowering length
compared to other genotypes. GenotypeC85 had 202 flowers per plant. These genotypes can be used as parents
especially to increase the flowering period and the number of petal rows due to the general heritability of over
fifty percent of these traits. It is also suggested that traits such as petal color and resistance to important pests
(including black chrysanthemum aphid, flower thrips pest) and important diseases (including Fusarium wilt,
verticillium wilt and leaf spot) should be studied. The superior genotype can be selected if statistically significant
difference observed among of genotypes.

Conclusion

It is a fact that chrysanthemums has characteristics such as variation of flower shape and color, plant size,
form and flowering period that is widely used in landscape. In this research significant difference observed
among the genotypes. Also some of measured traits had a high general heritability due to the positive and
significant correlation of these traits that can be used to improve other genotypes and their traits.
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Figure 1- Different shapes of Chrysanthemum morifolium flower

859913 33 J5 () (gl 0589 (Camnly) 5 libiu] 0,8 —F JSUS
Figure 2- Standard form (right) and spray form (left) of Chrysanthemum morifolium flower.
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Table 4- Estimation of variance components, phenotypic, genotypic coefficients of variation and heritabilty for different traits
in Chrysanthemum

o . 1321 " f e .
Sy &y owibyly S . 2595 O oS o b
oo Yo Estimation of Compgfnen s variance Variation Coefficient
Traits Heritability b 5 shee i 55
(%) Phenotypic Genotypic Environment Phenotypic Genotypic
&gy 5 ol
Number of flower per 21 732.61 153.84 577.99 67.66 17.947
plant
25 0593 Jobo
Period of flowering) 58.5 1101.37 644.301 157.08 48.286 27.197
(day)
J5 s
Elower 61.2 26681.15 16328.863 1874.76 39.842 32.751
Diameter (mm)
SRS e, 2 51.2 704.42 360.663 545.84 48.370 15.989
Number of petal row
S5 sk 53.9 7410.25 3993.99 3873.07 50.681 28.193
Petal length (mm)
B 5ok
Fresh weight of flower 17.6 1866.31 328.47 877.66 55.013 32.558
@)
“’_‘S s 125 601.83 75.228 374.73 35.448 20.311
Dry weight of flower (g)
Cusl (glofg Comnl (gl (SBf £95 () pol > S5 gl JS S 059

glas A143 5 ABT 48 lac sy (Salehan et al., 2017)
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Table 5- Phenotypic (below of diagonal), genetic (above of diagonal) correlation coefficient of traits in chrysanthemum

genotypes
el 1 2 3 4 5 6 7
Traits
L 0 J5 sl 1 046" 016 001  -043°  -016  -0.44"
Number of flower per plant
i 2o 25 °”°_J’]° -0.49" 1 0.80™ 0.51" -0.61" 0.36 0.24
Period of flowering (days)
3-__)5 - 0.18 0.82* 1 0.40" -0.51" 0.35 0.38"
Flower Diameter (mm)
S5 3, s 002 052 041" 1 0.01 -0.05 031
Number of petal row
S-S5 ok -0.44" -0.67" -0.52" 0.01 1 -0.02 -0.06
Petal length (mm)
G'JS’:‘”? -0.17 0.38" 0.36 -0.07 -0.03 1 0.57™
Flower fresh weight (g)
-5 K8 0 -0.45" 0.25 0.39" 0.33 -0.08 0.59" 1

Flower dry weight (g)

o b0 Y Jleis] maw (> =[OVl iSa S o /DN | 555 (Siumed ol s g Moy B Jlain | pdaw 3 =+ /YVA I 5o oS o +/YVA Gl 1355 Siused culps
A Sl
Correlation coefficients greater than 0.378 and less than -0.378 at the 5% of probability level and correlation coefficients greater than
0.516 and less than -0.516 at the 1% of probability level are significant.
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Table 6- The traits of flowering period, number of flowers per plant, flower diameter and fresh weight of flower in
Chrysanthemum morifolium genotypes

5 5 S5 slaxs
EAOR byl Fouer o ol Sy by oged  PIOD IR0
h No. Genotype Diameter No. Genotype Number of No. Genotypes 9 NO.Genotypes
weight (mm) flower per (day)
plant

167.37a 6 76.81a 9 202a 19 43a 13
153ab 9 73.06ab 11 188ab 7 31b 14
142.67ab 5 67.10abc 19 188ab 4 29b 8
140.67ab 17 62.83a-d 10 187ab 16 26b 12
139.67ab 3 51.35a-e 8 187ab 9 25b 17
121.33ab 13 49.49a-f 1 187ab 11 25b 16
120.33ab 11 47a-f 3 186ab 2 24b 19
110.5ab 4 45.1b-f 15 111 abc 1 23b 3
95.67b 16 43.11b-f 12 109 abc 3 22b 2
90.67b 1 41.01c-f 16 104.5 abc 12 21b 9
88.67b 19 40.5¢-f 18 99.9 abc 8 20b 7
86b 12 38.6¢-f 6 95.67 abc 5 20b 4
82.4b 14 36.62c-f 2 93 abc 17 20b 5
82b 8 35.11c-f 4 92 abc 20 20b 1
75.41b 15 34.38def 7 87.5 abc 15 18hc 11
74b 20 28.4ef 14 78.33 abc 10 17hc 15
73b 18 27.14ef 5 54.3bcd 13 16¢ 10
46.33bc 7 23.12¢f 20 35.2cd 14 15¢c 18
33.19bc 10 20.2f 17 24.3cd 6 13c 6
5.4d 2 18.45f 13 5e 18 7c 20

s I3 me 4V Jlesn] ans 53 5S5Is (glasals six g0l Lololp 25,15 S e By S JBlis 45 ol nSike o glis o iales] lews b (gl g giw pa
In each column and for each experimental treatment, the difference between the means having at least one common letter is not
significant at the 1% of probability level based on Duncan's multiple ranges test.
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Table 7- The flower dry weight, petal length and number of petal rows in Chrysanthemum morifolium genotypes
J S 59

Sl iy, las Bewgioled ST I 9 i oo
Number of petal No. Genot Petal length No. Genot Flower dry weight No. Genot
petal row 0. Genotypes (mm) 0. Genotypes @ 0. Genotypes
32a 6 65.88a 17 33a 6
25ab 5 55ab 5 27a 9
22b 9 44.15ab 9 26.94ab 5
17b 11 38.47b 11 24.13abc 17
14b 13 36.73b 10 12.7abcd 3
10b 2 32.1b 19 11.13bcde 13
9b 10 26.01b 8 10.63bcde 11
7b 17 23.92b 1 9.94cde 4
6b 16 22.57b 15 9.46cde 16
5b 7 22.21b 16 9.19cde 1
4b 15 21.33b 18 8.95cde 19
4b 14 20.22b 3 8.58cde 12
4b 3 19.67b 2 8.5cde 14
4b 19 18.15b 7 8.4cde 8
4b 12 17.96b 6 8.1cde 15
4b 8 17.43b 14 7.9cde 20
1b 20 14.73b 4 7.64cde 18
1b 4 14.48b 20 6.94de 7
1b 18 13.79b 13 3.75e 10
1b 1 12.10a 12 1.12f 2

s I3 ime LN Jlesn] paws 53 5SSIs (glasals dix g0l Lolwlp 25,15 S yiie By S JBlis oS olanxSike w9l o ialejl Jlews B (sl g gt yp g
In each column and for each experimental treatment, the difference between the means having at least one common letter is not
significant at the 1% of probability level based on Duncan's multiple range test.
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