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Introduction

Fennel is a cross-pollinating plant and one of the most important medicinal plants of the Apiaceae family,
whose essential oil is widely used in various pharmaceutical, food, and cosmetic industries. Fennel originated
from the Mediterranean region and is a biennial or perennial species. Fennel essential oil has been demonstrated
to have antioxidant, anti-cancer, antibacterial, antifungal, and analgesic effects. Improving yield is one of the
important goals of breeding, and the use of heterosis as one of the powerful tools to improve yield has always
been of interest to breeders. This study was conducted to evaluate seed yield and yield components of three
synthetic cultivars of fennel and compere with eight parental populations.

Materials and Methods

To investigate the yield, yield components, and the degree of heterosis of important traits of breeding fennel
cultivars, three synthetic cultivars along with eight superior parents were investigated in the form of a
randomized complete block design. The experiment was conducted in the spring of 2019 in the research field of
the College of Aburaihan, University of Tehran, located in Pakdasht. During the growing period and after
harvest the traits such as no. umbel, number of nodes, no. umbellets per umbel, no. seed per umbel, harvest
index, seed yield per plant, plant biomass, 1000 seed weight, essential oil content, essential oil yield, and seed
yield were measured in the 50% flowering stage. Analysis of variances was done and a comparison of means
was performed by Duncan<s multiple range at a five percent probability level. Heterosis, Heritability of traits,
and some genetic parameters of the traits in fennel genotypes were calculated. To determine the genetic distance
and grouping of genotypes, principal component analysis, and cluster analysis were performed. All analyses
were carried out using the SAS and Statgraphics software.

Results and Discussion

Based on the results of the analysis of variance, the differences between the studied genotypes were
significant for all traits. Medium and late synthetic cultivars had significantly higher seed yield and essential oil
yield than other genotypes and their yield heterosis rate was positive compared to the average of parents and was
39% and 38%, respectively. Evaluation of heterosis rate showed that cultivars Synthetics were superior to
parents in most traits. General heritability for different traits was estimated to be between 34% and 93%. In this
study, the phenotypic variation coefficients of all traits were higher than the genetic variation coefficients, which
indicated the existence of environmental factors for these traits The results showed that principal components
that the first four components account for more than 90% of the total variance changes. Based on the cluster,
genotypes were divided into four groups. It could be expected that these synthetic cultivars can be introduced
and expanded in the market of medicinal plants after being registered as commercial cultivars.
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Conclusion

In general, the results of this study indicated that the mean squares of the parents against synthetic cultivars
were significant for most of the traits, indicating the occurrence of heterosis in these traits. The results showed
that the heterosis of most traits of synthetic cultivars was additive and positive. The highest percentage of
heterosis compared to parents was for seed yield, essential oil yield, and the number of umbrellas per plant. It
also seems that the traits related to yield components have higher heritability than other traits. The results
showed that the synthetic cultivars were superior to their parent genotypes in terms of seed yield and essential oil
yield. As a result, it should be said that the breeding method of creating synthetic cultivars in the fennel plant is
successful. It can be expected that these synthetic cultivars could be introduced and expanded in the market of
medicinal plants after being registered as commercial cultivars.
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Table 6- Component loading of the studied traits together with a cumulative variance of the principal components of the
fennel genotypes

Components l2dd) g0 1 2 3 4
Eigen values o9 polde 5.24 2.64 1.83 1.12
Cumu'atg;g)va“ance sax il g 43.68 65.66 80.95 90.32
Traits Slawo o35 50, Eigen vector
No. seed main ol i 5o @l shas 0.39 0.14 0.1 -0.21
No. umbel/plant Loy yd g olaws 0.30 -0.36 0.11 0.24
node’:;JnTal?ﬁrborfanch kol 13 3 0,5 shas 0.24 -0.46 -0.11 -0.21
No. uanrglblzlts/ Main - ) e s S s 0.21 0.24 0.47 -0.24
essential oil .
Ccfﬁten; (%)' () ol (g5ieo -0.11 0.08 0.24 0.82
Weight o(fg%OOO seed w05 i s 0.33 0.22 -0.16 0.04
Seed yield (g.m™?) e yie > 4l 5,Slee 0.41 -0.09 0.17 -0.02
Esse(r(\:t::; Ic;:_lzglleld bl 55 0.39 -0.07 0.24 0.16
ngf;tl :r:‘tSeed / &g 4 s 0.16 0.40 -0.41 0.08
Plant biomass (g) gy o 0.20 0.00 -0.60 0.10
Harvest index sy asls -0.02 0.57 0.17 -0.10
Biplot

32 [T I Harvebt index ' ' T_]
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Figure 1- Bi-plot based on the first and second components of principal components on the studied traits to group fennel
genotypes
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3y90 Slao oy en ay Lol sladdlge | ol (sixgd jlages
St pLE)l a8 ol L golss () JS5) b ooliiw] adlllas
o Coai D)Slos b bag o wlaw jlas 5l lacwig; opl 1i8)3 1,8
2939 g e ple

@l ga dajad

Sladas 4305 3 bl Sy 51 09,5 s S Silke 51 Bl 203 5 le -V Jgi
Table 7- Mean and percentage of deviation from the total mean of each groups from fennel genotypes

[EX WS Clusters ) asgt e e £ adgh
Clusterl Cluster 2 Cluster 3 Cluster 4
5 lol 5l el 51 Gl el 51l el
oke oSlbe oSlbe obe
Traits clhw o=k Deviatio oSk Deviatio o=k Deviatio oSk Deviatio
Mean n from Mean n from Mean n from Mean n from
the the the the
mean mean mean mean
No. seed/ main umbel ol i o aly sl 462.58 17.50 149.33 -62.07 425.81 8.16 363.39 -7.69
No. umbel/plant Gy >y s 113.15 29.11 87.22 -0.47 81.08 -7.48 71.00 -18.98
Number of nodes/main branch ol L5 53 0,5 sluw 11.44 16.15 10.33 4.87 9.42 -4.43 8.69 -11.86
No. umbellets/ main umbel ol y 0 Sy slas 20.81 -1.97 12.44 -41.39 24.75 16.57 19.89 -6.33
essential oil content (%) (%) bl (s gimo 1.93 -2.24 2.06 4.52 2.04 3.46 1.89 -3.88
Weight of 1000 seed (g) &l 5 o5 3.70 8.36 2.64 -22.80 3.39 -0.89 3.43 0.43
Seed yield (g.m?) &y yo &by 3 Slas 235.55 26.98 123.11 -33.64 193.23 4.16 145.96 -21.32
Essential oil yield (cm®.m™) bl 5,Slas 453 24.35 253 -30.50 3.94 8.02 2.74 -24.88
Weight of Seed / plant g 50 &b e 23.96 -3.72 16.63 -33.17 28.65 15.14 23.54 -5.41
Plant biomass (g) Koy pwogw 63.01 12.36 47.44 -15.39 59.86 6.75 46.97 -16.23
Harvest index by yasls 40.51 -11.23 34.95 -23.42 48.29 5.81 50.79 11.29
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Figure 2- The dendrogram of cluster Analysis of 11 fennel genotypes basis on studied traits
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Table 8- Estimate of genetic parameters for quantitative traits of the fennel genotypes

G o Tt
Gt awibyly Oy Oyt T
. (-5‘ S NE el S - ol ‘;A.J’Zé
Traits Olhw Genotype P S = el o
. Phenot . Phenotypic Heritabilit
variance enotype  Genotypic L eritability,
variance coefficient  coefficient broad-Sense
of variation 9f
variance
No. seed/ main umbel ol iz > b oluws 8971.33 9929.97 24.06 25.31 90.35
No. umbel/plant Gy p g dlies 284.73 388.89 19.25 22.50 73.22
Number of nOdes/mal ot s o5 sas 2.08 2.45 14,65 15.90 84.92
No. “"Lt;g'b':}y main Ll o 5 S s 2697 2931 24.46 2550 92.02
essential oil content (%) ol (ggie 0.02 0.05 6.81 11.35 36.00
Weight of 1000 seed (g) RNSTIE 0.09 0.13 8.93 10.68 70.00
Seed yield (g.m?) apo sio > &l 3,Slas 1953.39 2085.79 23.82 24.62 93.65
Essential oil yield .

(cm3.m'2) olol 5 Sles 0.72 0.81 23.30 24,71 88.93
Weight of Seed / plant S Py ST 202.21 382.72 25.36 34.88 52.83
Plant biomass (g) g3 o 46.04 66.81 32.50 39.15 68.91
Harvest index by asls 0.00 0.01 14.31 19.85 52.00

Loy oYL il 035 Cute g (i 3B St )l Glas drf“’“:-‘

bl 3 )Slas s 5 Slos Slao gl cplly & s s
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P aS (ol ge5 Mg Olaw ple 4 Caws g 5YL (gl
S99t St pBl ) Vb (S CebB L cjo (ptin (W
CablB g g pdcillasl Jsaxe slapd) b dwslis ) LmOT & ,\:\J@
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