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ABSTRACT

Feverfew (Tanacetum parthenium (L.) Sch.Bip), belonging to the family Asteraceae, is
a valuable medicinal plant containing effective anti-cancer compounds. The current
study was conducted to investigate the diversity of feverfew ecotypes. Ecotypes were
collected from different geographical areas of Iran in 2016 and 2017. The experiment
was conducted in a completely randomized design with four replications. The
analysis of variance showed significant phenotypic differences among the studied
ecotypes. The plant height ranged from 55.75 to 124.50 cm and shoot and capitule
diameters varied from 3.81 to 8.18 and 7.51 to 15.42 mm, respectively. The aerial
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Keywords biomass weight ranged from 36.62 to 136.40 g, root weight ranged from 9.81 to 36.65 g,
Breeding and total biomass ranged from 46.44 to 173.05 g. In addition, flower weight varied from
Correlation 3.46 to 6.21 g, while flower yield ranged from 1.48 to 13.90 g per plant. The obtained
Diversity results regarding the phenotypic correlation demonstrated that plant height had the
Feverfew highest positive correlation with functional traits. Furthermore, the aerial biomass weight

Medicinal plant was positively correlated with flower weight, flower number, and flower yield,

suggesting that vegetative growth had a positive correlation with reproductive growth.
In general, tall plants produced more flowers. We also found some correlations between
the geographical distances of ecotypes and phenotypic diversity. The dendrogram
obtained based on the measured traits revealed that the classification of ecotypes in close
groups can show their kinship and genetic relationships between them.
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INTRODUCTION [1, 2, 5]. Feverfew contains many secondary

Tanacetum parthenium (L.) Sch.Bip., commonly
known as feverfew, is a species belonging to the
Asteraceae family [1, 2]. The term feverfew derives
from the Latin word febrifugia, meaning “fever
reducer” [3-5]. In addition, because of its feathery
leaves, it is called “featherfew” [6-8]. Feverfew is a
small and aromatic perennial herb with a bushy form,
which grows about 0.3-1 m. Its leaves are alternate
and its small daisy-like yellow flowers arrange in a
dense flat-topped cluster that bloom from July to
October [1]. Leaves have bright green color and
blade shape as egg and their surface is covered with
crack. Flowers are seen at the end of main stem and
branches. They are hermaphrodite and self-fertile.
The mentioned species is a diploid (2n=2x=18) plant

metabolites including phenols, essential oils, bitter
compounds and sesquiterpene lactones, which are of
high value in chemotaxonomy and medicine [9, 10].
Traditionally, it has been consumed for treating
migraine headaches, rheumatism, inflammation,
stomach pains, and fever [11, 12].

Plant relationships are a major part of the coexistence
mechanisms of species and this type of relationship
includes a wide range of positive and negative
relationships [13-16]. Study of plant populations
indicates that plants change their phenotypic and
physiological traits in response to different ecological
conditions [17]. Genetic diversity of species is a
crucial way for adaptation and survival of
populations to changing environments [18-21].
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Genetic diversity assessment in crops also provides
an opportunity for plant breeders to develop new
improved cultivars with desirable characteristics,
which could be the first step toward domestication
[22-25]. Hence, in case of exploitation and
introduction of medicinal crops into the cultivation
and industry, study of genetic diversity will be very
important [26, 27].

In the last few decades, genetic variation of medicinal
plant species has been mainly assessed based on
phenotypic, phytochemical, and recently molecular
markers. Due to the few studies on the diversity of
medicinal plants and because of their wide
distribution, phenotypic markers are highly valued
and preferred [28, 29]. Assessment of diversity using
phenotypic characteristics is a direct, inexpensive,
and easy method for exploring genetic diversity and
phenotypic  differences within and between
populations [30-32]. Moreover, diversity studies
provide important insights into the efficient use of
crop germplasm and significant information for
breeding programs [33-35]. Thus, the objective of the
present study was to characterize the phenotypic
diversity of different feverfew ecotypes from
different natural habitats in Iran.

MATREIALS AND METHODS

Plant Materials

In the current study, ecotypes of T. parthenium were
collected from different natural habitats of Iran in
2016 and 2017. Based on the sources of flora,
distribution areas were identified and populations
were studied. Distribution of feverfew was very
limited in many areas. Therefore, in order to prevent
the destruction of the limited ecotypes, sampling was
performed carefully. The details of the studied
natural habitats are available in Table 1. A herbarium
sample was prepared from each habitat and matched
with the herbarium of the Plant Sciences Research
Institute of Ferdowsi University of Mashhad with the
herbarium code (FUMSH/21321) and related
references.

The Characters Recorded

The feverfew plants from each ecotype were dried in
the shade and away from direct sunlight conditions.
Then, the plants were investigated in terms of 15
phenotypic traits and yield components including
plant height, shoot number, shoot color, shoot
diameter, leaf color, aerial biomass weight, root

weight, total biomass, aerial biomass weight/root
weight, capitule diameter, flower color, flower
number, flower weight, flower yield, and flower
harvest index.

Statistical Analysis

The experiment was conducted in a completely
randomized design with four replications. Statistical
analysis was performed using ANOVA procedure of
SAS v. 9.4 (Statistical Analysis System, SAS, Cary
NC, U.S.). Duncan’s Multiple Range Test was
performed to determine significant differences
between the evaluated traits. Cluster analysis was
performed using UPGMA method, and Euclidian
distance was done using SPSS and XLSTAT
software.

RESULSTS AND DISCUSSION

Diversity Index and Traits Description

In the present study, phenotypic markers were used
to evaluate the diversity among the ecotypes and to
examine their relationships (Table 2). The analysis of
variance (Table 3) indicated that the ecotypes
exhibited significant differences in all the phenotypic
traits (not shown). High significant differences could
demonstrate the presence of high diversity among the
ecotypes. These observations were confirmed by the
relatively high CV values (Table 2). The highest
levels of variation were found for shoot number
(CV=8.06%), shoot diameter (CV=8.66%), aerial
biomass weight (CV=6.44%), root weight
(CV=7.28%), total biomass (CV=6.30%), flower
yield (CV=7.15%), and flower harvest index
(CV=9.72%). Considering that the main metabolites
of feverfew plants exist in shoots and flowers, these
indicators provide opportunities for breeding
programs. Other traits showed low CVs (<6%). The
traits with lower CVs can be more consistent among
the ecotypes. CV is a parameter that is not related to
a unit of measure and is often used to measure and
compare the variation of the evaluated traits. CV
value is an indicator of the ability to distinguish
among the ecotypes based on phenotype. Phenotypic
traits with low CV values are more homogeneous and
relatively stable, and are slightly affected by the
environment, while traits with high CV values are
more discriminating and can be reliable markers for
the characterization of ecotypes [36].
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Table 1 Latitude and longitude of feverfew habitat
NO Code Lat Long NO Code Lat Long

1 Gi/Mas 37°22 19.950° 49° 06 56.940" 37 Te/Kal 35°52 40.753 51’33 28.414
2 Gi/Ole 37°17 44.997 48’57 22.823 38 Te/Osh 3553 05.530" 51’31 43.980°
3 Gi/Esh 36° 46 19.018 50°12' 55.013" 39 Te/Lav 35°50 30.293 51’40 08.836"
4 GilJav 36° 53" 49.300" 50° 22" 15.200" 40 Te/Dam 35’44 54.416 52°04 08.544
5 Ma/Jan 36° 47 07.897 50°30" 27.819" 41 Te/Hes 35’32 16.561" 52°29 52.280"
6 Ma/Kel 36°28 17.031" 51°05 47.247 42 TelFir 35° 48 00.283" 52° 44 35.999"
7 Ma/Jav 36°51 37.667 50°30" 01.909" 43 Te/Pey 35° 44 22.527 51°10 41.397
8 GolZiy 36°40° 39.843 54°27 52.245' 44 Al/Tal 36°10 04.057 50° 44 49.384
9 Go/Der 36°40° 11.947 54°09 03.469" 45 Al/Zid 36°09 56.045" 50°41° 01.571
10  Kh/diz 36° 06" 29.464" 59’17 22.699" 46 Al/Sha 3557 58.084" 51°20° 42.590"
11 Kh/Qas 36°03 20.751 59’17 20.915 47 Al/Gac 3606 29.401° 51°19° 05.924
12 Kh/Zos 36° 19 53.721° 59’11 20.420° 48 Al-Nes 3604 27.987 51’18 48.821°
13 Kh/Kan 36° 18 54.847 59’13 35.787 49 Al/Ebr 36° 07 06.987" 50° 38" 30.343"
14 Kh/Bar 36°30° 48.815 58’46 09.111° 50 Ha/Mol 34°50° 10.261° 4808 33.938
15  Kh/Fer 36°29 03.440° 58’58 21.937 51 Ha/Gan 34° 45 44.896" 48° 27 16.414°
16  Kh/Gal 37° 48 24.024 57°57 03.164" 52 Ha/Mor  34°44 43.107 48’30 12.657
17 Ya/Deh 31°35 48.717 54°07 27.678" 53 Qa/Hos 36°33 05.861" 49° 13 46.869"
18  Ya/Tar 31°35 33.490° 54°09 44.849" 54 Qa/Via 36° 37 09.073 50°16" 35.023"
19  YalAsh 31°38 44.016 54°09 32.786" 55 Qa/Gar 36° 28 12.994" 50° 24 46.133"
20  SelJan 36° 45 22.282 55°02" 16.165" 56 Qa/And 36° 28 13.426 50°31" 57.030"
21  Se/Par 35’59 33.680" 53’28 54.808" 57 Qa/Por 36° 35 40.501° 50° 09 22.871

22 Ar/Kha 37°35 50.206 48° 36 31.183 58 Lo/Kah 3359 00.350° 48°20 42.976"
23 Ar/Sey 38’47 32.149 48°04° 04.000 59 Lo/Dor 33°06 35.309" 49° 33 40.780°

24 Ar/Nou 38’25 44.630° 48° 32 00.412" 60 Ko/Kak  30°37 26.152" 51° 47 42.064
25  AelTor 37°35 39.007 AT° 24 37.847 61 Ko/Lou 30° 58 53.456" 50’52 04.771
26 AelVar 37°40° 43.479 A7° 24 37.419 62 Ko/Yas 3040 35.851° 51° 37" 40.033
27  Ae/Bol 37°40 13.571 47° 29 00.703' 63 Ko/Meh  30°42" 06.467 51° 34" 12.306"
28  Ae/Che 37°40° 34.482 47° 32 30.934' 64 Ko/Sis 30°51 37.935" 51° 28 23.842"
29  Ae/Sho 38’51 35.850° 46° 59 55.439" 65 Ko/Bah 30° 59 55.397" 51° 08 44.190"
30 Ae/Kal 38’52 28.845 47° 02 38.088' 66 Es/Sem 31° 24' 58.283 51° 36 19.961"
31  Ae/Qal 38’50 42.994" 47° 00 16.466" 67 Es/Aby 3335 06.976" 51° 36" 08.158"
32 Aw/Pir 36° 40" 10.280 45°09' 06.065" 68 Ch/Tan 32°09' 20.908" 51° 06 59.879"

33 Aw/Qas 37°19" 55.986" 45°08" 01.857° 69 Ch/Ban 32°37 19.069" 50° 09" 31.346"
34  Aw/Qey  36°41 20.390° 47° 11 59.335" 70 Ch/Kou 32° 24 05.877 50° 07" 36.861"
35 Te/She 36°01 09.581" 51°29 28.627 71 Ch/Vas 3145 40.358 51°06 08.728"
36  Te/Mey 35’57 22.425 51° 28" 06.482" 72 Ch/Che 31° 37 30.389° 51’ 14' 53.415

Table 2 Descriptive statistics of phenotypic traits studied in different ecotypes of feverfew

Domain of Standard

No Traits Symbol Unit Mean Min Max o CV (%)
changes deviation

1 Plant Height P.H cm 98.50 55.75 12450 68.75 18.61 3.21
2 Shoot number S.N - 10.07 450 1425 9.75 2.46 8.06
3 Shoot color * S.c - 211 1.00 3.00 2.00 0.70 -

4 Shoot diameter SD mm 5.14 381 818 4.37 0.83 8.66
5 Leaf color ** L.C - 2.24 1.00 3.00 2.00 0.76 -

6 Aerial biomass weight A.B.W g 83.18 36.63 136.40 99.77 28.16 6.44
7 Root weight R.W g 2257 981 36.65 26.84 7.68 7.28
8 Total biomass T.B g 105.75  46.44 173.05 126.61 35.81 6.30
9 VAvgiréah'tb'omass weight/Root A g \wirw - 3.69 331 402 071 0.13 5.73
10 Capitule diameter CD mm 11.38 751 1542 791 2.43 4.05
11 Flower color *** F.C - 1.87 1.00 2.00 1.00 0.42 -

12 Flowers number F.N - 128.44  36.00 23475 198.75 59.94 4.35
13 Flower weight F.W g 474 346 6.21 2.75 0.78 5.28
14 Flower yield F.Y glplant 6.44 148 1390 1243 3.77 7.15
15 Flower harvest index F.H.I A 7.26 3.06 1227 9.21 2.48 9.72

* Dark brown (1), brown (2), brown-green (3) ** dark green (1), green (2), light green (3) *** milky (1), milky-white (2)

According to the results, significant differences (Es/Sem-Esfahan), (Es/Aby-Esfahan) and (Ch/Kou-
were found among the studied ecotypes regarding Chaharmabhal) ecotypes, while the highest height
plant height. The lowest height was observed in was seen in (Al/Gac-Alborz), (Al/Nes-Alborz) and
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(Gi/Esh-Gilan) ecotypes. Regarding the shoot
number, ecotypes (Ya/Ash-Yazd) and (Lo/Kah-
Lorestan) had the minimum values, while (Qa/And-
Qazvin) and (Ha/Mol-Hamedan) ecotypes had the
maximum values. The minimum stem diameter was
found in (Se/Jan) and (Kh/Gal-Khorasan) ecotypes
and the maximum in (Kh/Diz-Khorasan) ecotype.
Significant differences were also found among the
ecotypes in qualitative traits such as shoot color, leaf
color, and flower color, so that (Es/Sem-Esfahan),
(Es/Aby-Esfahan), (Ch/Kou-Chaharmabhal),
(Ch/Vas-Chaharmahal),  (Ch/Ban-Chaharmahal),
(Ya/Taz-Yazd) and (Ya/Ash-Yazd) ecotypes had the
minimum values and (Ko/Sis-Kohgilyuyeh) and
(Ma/Jav-Mazandaran) ecotypes had the maximum
values. The highest and lowest root weights were
related to (Es/Sem-Kohgilyuyeh) and (Ko/Sis-
Kohgilyuyeh) ecotypes, respectively. A similar
trend was observed for total biomass and aerial
biomass weight. The minimum and maximum
values of aerial biomass weight/root weight were
observed in (Ch/Vas-Chaharmahal) and (Te/Fir-
Tehran) ecotypes, respectively.

Compared to other quantitative parameters, aerial
biomass weight/root weight had less variation and
the ecotypes were scattered close to the mean. Low
diversity in aerial biomass weight/root weight ratio
trait could indicate self-regulation of plants in
response to environmental changes in order to create
a balance between different organs [37, 38].
Regarding capitule diameter, the lowest rate was
related to (Ya/Deh-Yazd) and (Kh/Gal-Khorasan)
ecotypes, whereas the highest was related to
(Gi/Ole-Gilan), (Ma/Jav-Mazandaran), (Ko/Bah-
Kohgilyuyeh), (Ko/Yas-Kohgilyuyeh), (Ko/Sis-
Kohgilyuyeh) and (Gi/Mas-Gilan) ecotypes.
Capitule diameter, flower number, flower weight,
and flower yield are the effective parameters in the
final function of reproductive organs and can be
considered in breeding programs and superior
ecotypes selection. For flower number, (Ch/Che-
Chaharmahal) ecotype had the minimum and
(Ma/Jav-Mazandaran) and (Gi/Jav-Gilan) ecotypes
had the maximum numbers. Regarding flower
weight, minimum and maximum values were
observed in (Al/Zid-Alborz) and (Qa/Por-Qazvin)
ecotypes, respectively. The minimum values of
flower yield were related to (Ch/Che-Chaharmabhal),
(Ya/Ash-Yazd) and (Ch/Vas-Chaharmahal)
ecotypes, and the maximum values were related to
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(Ma/Jav-Mazandaran) and (Gi/Jav-Gilan) ecotypes.
The ratio of flower yield to the total aerial biomass
was considered as the harvest index. Since one of the
components of calculating the harvest index is
flower vyield, changes in harvest index are highly
dependent on the changes in flower yield. In the
breeding of medicinal plants, we need to select the
traits that improve dry biomass, metabolites, and
propagation methods. The aerial biomass and
flowers of feverfew plants are the main organs
producing metabolites that are used in traditional
medicine and pharmaceutical industries. Therefore,
some traits such as dry matter yield and flower
components (flower number, flower weight, and
flower vyield) can be highly considered useful
characteristics for producing product and desired
metabolites. In this regard, (Ko/Sis-Kohgilyuyeh),
(Ko/Kak-Kohgilyuyeh),  (Ko/Yas-Kohgilyuyeh),
(Ko/Lou-Kohgilyuyeh),  (Ko/Meh-Kohgilyuyeh),
(Ma/Jav-Mazandaran), (Gi/Esh-Gilan), (Gi/Jav-
Gilan), (Ma/Kel-Mazandaran), (Qa/Via-Qazvin),
and (Qa/Gar-Qazvin) ecotypes are of high
importance and can be the most suitable choices for
breeding goals. In addition, among the evaluated
ecotypes of feverfew, the ecotypes (Ma/Jav-
Mazandaran), (Gi/Jav-Gilan), (Gi/Mas-Gilan),
(Ma/Jan-Mazandaran), (Qa/Por-Qazvin), (Ha/Mor),
and (Ko/Sis-Kohgilyuyeh) had the highest flower
production potential and are the most important
choices for T. parthenium breeding. Since more
flowers and more flower yield lead to an increase in
seed production, the above-mentioned ecotypes
could also be a good choice for production purposes.
Some researchers believed that diversity in
phenotypic and reproductive traits is also affected by
the difference in ploidy level of different populations
[42- 46]. The phenotypic diversity of a given species
indicates the adaptation of the species to different
habitats. This issue is very important in
domestication, breeding, and germplasm protection
programs [47]. Phenotypic trait diversity could be
due to the differences in climatic and habitat
conditions, and low variation of the traits might be
owing to the low effect of environmental conditions
[39, 40]. Richards et al., [41] found a correlation
between environmental conditions and the
phenotypic diversity of plant species. Species that
were in a wide range of habitats showed more
phenotypic diversity.
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Fig. 1 Dendrogram obtained from cluster analysis of
studied ecotypes based on phenotypic information and
UPGMA algorithm

Correlation among the Phenotypic Traits

Simple correlation coefficient analysis showed
significant positive and negative correlations among
the measured traits (Table 4). The positive genetic
correlation between traits means that the two traits
tend to change in the same direction, and both are
under the control of a dominant gene; however, this
relationship is largely unknown. The negative
correlation means that as one trait increases, the
other decreases. In addition, genetic independence
indicates that each of the two traits acts
independently of the other. The plant height was
highly positively correlated with aerial biomass
weight (r = 81), root weight (r = 0.81) and total
biomass (r = 0.81), followed by flower number (r =
0.71), shoot number (r = 0.68) and flower yield (r =
0.67). In addition, the results of correlation analysis
between traits indicated that shoot diameter and
plant height showed positive correlations with
reproductive traits including flower number and
flower diameter. Aerial biomass weight was
positively correlated with flower weight, flower
number, and flower yield. These findings suggested
that vegetative growth has a positive correlation with
reproductive growth. It can be concluded that the
taller plants produce more flowers or in some cases
produce fewer but larger flowers that in turn
increased flowering efficiency. Furthermore, in
small plants, which produce fewer flowers, the
flower yield can be increased by increasing the
number of plants per unit area. Crossing two
populations, tall and small plants, can also lead to
the production of small plants with larger flowers,
and eventually increase flower yield per unit area.
These results can play a valuable role in the selection

Shahhoseini et al.

of superior ecotypes. The genetic correlation
indicates only the statistical relationship between the
traits, and without complete knowledge of the
biosynthetic pathway and genes involved in
controlling traits, the meaning of correlations is not
entirely clear [48].

Cluster Analysis

Dendrogram was used to represent similarities and
dissimilarities among the ecotypes based on all the
measured traits. The ecotypes were classified into
two main clusters and five sub-clusters based on the
traits data (Fig. 1). The first cluster (I) was divided
into two sub-clusters and contained 27 ecotypes of
feverfew including (Gi/Mas-Gilan), (Gi/Ole-Gilan),
(Gi/Esh-Gilan), (GilJav-Gilan), (Ma/Jan-
Mazandaran), (Ma/Kel-Mazandaran), (Ma/Jav-
Mazandaran), (Go/Ziy-Golestan), (Go/Der-
Golestan), (Kh/Zos-Khorasan), (Kh/Kan-
Khorasan), (Kh/Bar-Khorasan), (Kh/Fer-Khorasan),
(Ha/Mol-Hamedan), (Ha/Gan-Hamedan), (Ha/Mor-
Hamedan), (Qa/Hos-Qazvin), (Qa/Via-Qazvin),
(Qa/Gar-Qazvin),  (Qa/And-Qazvin), (Qa/Por-
Qazvin), (Ko/Kak-Kohgilyuyeh), (Ko/Lou-
Kohgilyuyeh), (Ko/Yas-Kohgilyuyeh), (Ko/Meh-
Kohgilyuyeh), (Ko/Sis-Kohgilyuyeh), and (Ko/Bah-
Kohgilyuyeh). The second cluster (1) included three
sub-clusters (111, IV and V) which consisted of 45
ecotypes including (Kh/diz-Khorasan), (Kh/Qas-
Khorasan), (Kh/Gal-Khorasan), (Ya/Deh-Yazd),
(Ya/Taz-Yazd), (Ya/Ash-Yazd), (Se/Jan-Semnan),
(Se/Par-Semnan),  (Ar/Kha-Ardabi),  (Ar/Sey-
Ardabi), (Ar/Nou-Ardabi), (Ae/Tor-East
Azerbaijan), (Ae/Var-East Azerbaijan), (Ae/Bol-
East Azerbaijan), (Ae/Che-East Azerbaijan),
(Ae/Sho-East Azerbaijan), (Ae/Kal-East
Azerbaijan), (Ae/Qal-West Azerbaijan), (Aw/Pir-
West Azerbaijan), (Aw/Qas-West Azerbaijan),
(Aw/Qey-West  Azerbaijan), (Te/She-Tehran),

(Te/Mey-Tehran), (Te/Kal-Tehran), (Te/Osh-
Tehran), (Te/Lav-Tehran), (Te/Dam-Tehran),
(Te/Hes-Tehran), (Te/Fir-Tehran), (Te/Pey-

Tehran), (Al/Tal-Alborz), (Al/Zid-Alborz), (Al/Sha-
Alborz), (Al/Gac-Alborz), (Al/Nes-Alborz),
(Al/Ebr-Alborz), (Lo/Kah-Lorestan), (Lo/Dor-
Lorestan), (Es/Sem-Esfahan), (Es/Aby-Esfahan),
(Ch/Tan-Chaharmahal),  (Ch/Ban-Chaharmahal),
(Ch/Kou-Chaharmahal),  (Ch/Vas-Chaharmahal),
and (Ch/Che-Chaharmahal).
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Table 3 ANOVA of different measured factors of Feverfew ecotypes
Mean of square
S.0.V df T.B R.W D.M L.C S.D S.C S.N H
Treatments 71 5130.18 = 235.98 == 3177.55 = 2.31% 2.78 * 1.98 = 24.16 = 1385.96 **
Error 216 44.38 2.69 28.72 0.00 0.20 0.00 0.66 9.99
CV (%) 6.3 7.28 6.44 - 8.66 - 8.06 3.21
Table 3 continued ANOVA of different measured factors of Feverfew ecotypes
Mean of square
S.0.v df F.H.I F.Y F.W F.N F.C C.D D.M/R.W
Treatments 71 24.62 == 56.84 *= 2.45 = 14.368.62 = 0.70 == 23.65 = 0.069 ==
Error 216 0.49 0.21 0.062 31.15 0.00 0.21 0.45
CV (%) - 9.72 7.15 5.28 4.35 - 4.05 5.73
** and ns, significant at the levels of p<0.01 and not significant respectively
Table 4 Correlation coefficients of phenotypic traits under study in ecotypes of feverfew
P.H S.N S.C S.D L.C ABW RW T.B A.BW/R.W C.D F.C F.N F.W F.Y F.H.I
P.H 1 - - - - - - - - - - - - - -
SN 0.685" 1 - - - - - - - - - - - - -
S.C -0.222"  -0.554™ 1 - - - - - - - - - - - -
SD 0.636™ 0.722™ -0.445" 1 - - - - - - - - - - -
L.C -0.270"  -0.530™ 0.472™ -0.309™ 1 - - - - - - - - - -
A.B.W 0.815™ 0.839™ -0.578"™ 0.694™ -0.454" 1 - - - - - - - - -
R.W 0.814™ 0.832™ -0.579™ 0.688™ -0/449™ 0.996™ 1 - - - - - - - -
T.B 0.815™ 0.838"™ -0.578™ 0.694™ -0.453" 1/00™ 09777 1 - - - - - - -
ABW/RW 0.033 0.095 0.046 0.057 0.002 0.055 0.033 0.036 1 - - - - - -
CD 0.554™ 0530 -0.124  0.357™ -0.345™ 0.688™ 0.683™ 0.688™ 0.076 1 - - - - -
F.C -0.417" -0.296"  0.082 -0.219  0.034 -0.401™ -0.432™ -0.406™ 0.145 -0.515™ 1 - - - -
F.N 0.713™ 0.859™ -0.599™ 0.628™ -0.509™ 0.891™ 0.898™ 0.893™ -0.033 0.599™  -0.492™ 1 - - -
F.W 0.465™ 0.702™  -0.447™ 0.475™ -0484™ 0.766™ 07577 0.764™ 0.1 0.679™  -0.468™ 0.768™ 1 - -
F.Y 0.679"™ 0.846™ -0.527" 0.655™ -0.558™ 0.892™ 0.897™ 0.893™ -0.026 0.655™ -0.516™ 0.978™ 0.869™ 1 -
F.H.I 0.406™ 0.706™ -0.455™ 0.485™ -0.489™ 0.612™ 0.618™ 0.614™ -0.016 0.497™ -0.481™ 0.872™ 0.787" 0.886™ 1
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In the first cluster (1), sub-cluster (1) mainly included
Mazandaran, Hamedan, Qazvin, and Mazandaran
ecotypes, and second cluster (I1) consisted mostly of
Golestan and Khorasan ecotypes. In the second
cluster (1), sub-clusters Il and V were completely
heterogeneous and included ecotypes of different
regions. Subgroup IV contained Yazd, Esfahan, and
Chaharmahal ecotypes. In general, in terms of
functional parameters such as aerial biomass weight,
total biomass, flower number, flower weight, and
flower yield, subgroups I and Il can be considered for
using in domestication, selection, and hybridization
programs in order to produce the desired product and
metabolites. The obtained findings indicated that the
highest genetic distance was related to (Ko/Bah-
Kohgilyuyeh), (Ae/Tor-East Azerbaijan) and
(Aw/Qas-West Azerbaijan) ecotypes. In addition,
(Go/Ziy-Golestan), (Go/Der-Golestan), (Se/Par-
Semnan), and (Aw/Pir-West Azerbaijan) ecotypes
showed the lowest euclidean distance and the highest
phenotypic similarity.

In the current study, the results of cluster analysis
showed that there was high phenotypic diversity
between the ecotypes of feverfew. Classification of
the genotypes according to the evaluated traits is one
of the appropriate methods for determining the
degree of genetic relationship. It was also able to
show the differences between the ecotypes of
different geographical origins based on their
phenotypic characteristics. In addition, in some
ecotypes, there was no correlation between
geographical origin and phenotypic classification. In
other words, the ecotypes of different regions were
located in one group, indicating that geographical
diversity does not follow genetic diversity. The lack
of relationship between geographical origin and
phenotypic classification could be due to the sexual
reproduction and recombination, mutation, genetic
repulsion, and natural selection that lead to high
genetic diversity [49].  Selection along with
generation testing is one of the methods used in plant
breeding. Success in selection depends on diversity
through genetic recombination and heterosis. The
probability of heterosis in crossbreeding programs
enhances with increasing genetic distance [50]. In
breeding programs, the classification of genotypes
based on genetic distance is effective if several traits
are evaluated simultaneously [51]. Since one of the
most important goals in genetic diversity programs
for medicinal plants is the selection of superior
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ecotypes in order to produce maximum biomass,
yield, metabolites, and interactions, therefore
choosing parents with long distances is necessary. In
addition, parents with high genetic diversity that were
placed in different habitats and geographic locations
lead to the production of plants with more heterosis
in comparison with their parents. Thus, according to
the results obtained, could be suggested to establish a
poly-cross nursery with the first and fifth subgroups
of the ecotypes. The results of this study also showed
some correlations between geographical diversity
and phenotypic diversity. The classification of the
ecotypes in close groups indicated the genetic and
kinship similarities between them. The ecotypes
classification of close habitats in separate groups as
well as the ecotypes of the different geographical
origins in the same groups may be due to the
displacement of germplasm and also wide
distribution in different areas with relatively similar
environmental,  edaphic, and  microclimate
conditions. The high diversity among the studied
ecotypes of close habitats could be attributed to
sexual reproduction and some issues such as
displacement, crossbreeding, and recombination. The
high genetic diversity allows the species to be more
adaptable to different environments, so that, in
addition to effective use in the management and
protection of the germplasm, it can be a useful tool in
breeding programs.

CONCOLUTION

This is the first study to evaluate and compare the
phenotypic diversity of feverfew populations. We
observed significant phenotypic differences in the
evaluated ecotypes. The results of this study revealed
that there were some correlations between
geographical diversity and phenotypic diversity. The
classification of the ecotypes in one group indicated
kinship and genetic relationships between them.
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