Ownamental Howtieulture

ISSN 2447-536X | H'I'I'F‘SZ//ORNAMENTALHDHTIDULTURE.EMNUVENS.CDM.BH/HBHD

ociedade Brasileira de Floricultura ¢ Plantas Ornamentais

SCIENTIFIC ARTICLE

Exploration and morphologic variation of Iris
wild species with ornamental potential

Elham Asgari' ©, Mina Taghizadeh! ©©, Ahmadreza Abbasifar!

! Arak University, Faculty of Agriculture and Environmental Science, Department of Horticultural Engineering, Iran

Abstract

Nowadays, the flower industry is growing so fast that its development requires introducing new varieties to the flower market. Iran
is the habitat of numerous species of wild plants that are among the valuable genetics in the breeding process. The identification of
native /ris species, investigation of morphological diversity, and distribution method have a significant effect on the introduction
of this flower as new and superior cultivars cut flower and bedding plant. The documentation of the most important habitats of
Iris in Arak province, identification of morphological characteristics and correlation determination of morphological traits are the
most important aims of this research. The results showed that there is a correlation between some of the traits. The highest positive
correlation was related to the height of flower and length of the leaf, length of the flowering stem and the length of the leaf and the
height of the flower and the length of the flowering stem. The ecotypes of Iris sp. were divided into six groups. Based on the results
of the cluster diagram, the bulbous species were separated from rhizome species. Generally, due to the color diversity of /ris sp. and
unique beauty of the flowers and the resistance of the native species, they can be used as native foundations. Due to the prominent
traits such as high durability of Iris meda, odor of I. hymernospatha Subsp. leptoneura and color diversity of I persica, I. songarica
and height of 1. spuria, they can be used to introduce new ornamental species. Iris spuria is the most suitable genotype because of
the high height, large flower, high durability, and beautiful flower.
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Resumo
Exploraciio e variacio morfoldgica de espécies selvagens de Iris com potencial ornamental

A industria de flores esta crescendo tdo rapido que seu desenvolvimento exige a introduc@o de novas variedades no mercado de
flores. O Ird é o habitat de numerosas espécies de plantas selvagens que estdo entre as valorizadas geneticamente no processo
de melhoramento. A identificagdo de espécies nativas de Iris, pesquisas de diversidade morfologica e o método de distribuicdo
tém efeito significativo na introducéo de cultivares superiores como flor de corte e forragdo. A documentacdo dos habitats mais
importantes de /ris na provincia de Arak, identificag@o de caracteristicas morfologicas e determinagio de correlagdo de caracteristicas
morfoldgicas sdo os objetivos mais importantes desta pesquisa. Os resultados mostraram que existe a correlacdo entre algumas
das caracteristicas. A correlagdo mais positiva foi relacionada ao tamanho da flor e comprimento da folha, comprimento da haste
floral e comprimento da folha, e tamanho da flor ¢ comprimento da haste floral. Os ecotipos de Iris sp. foram divididos em seis
grupos. Com base nos resultados do diagrama de agrupamento (cluster), as espécies bulbosas foram separadas das espécies com
rizoma. Geralmente, por causa da diversidade de cores de Iris sp. ¢ a beleza unica das flores e a resisténcia das espécies nativas,
estas podem ser usadas como base nativa. Devido a caracteristicas proeminentes, como alta durabilidade de /ris meda, aroma de
1. hymernospatha Subsp. leptoneura e diversidade de cores de 1. persica, I. songarica e altura de 1. spuria, podem ser usados para
introduzir novas espécies ornamentais. /ris spuria ¢ o gendtipo mais adequado devido a maior altura, tamanho da flor, elevada
durabilidade e beleza da flor.

Palavras-chave: plantas endémicas, flores, germoplasma, Ira, variagao.

Introduction 2017). Generally, in addition to being as infrastructure for
agricultural development, the genetic plant resources are a
Iran is the habitat of numerous species of wild plants source of genetic compatibility and also a defense against

that are among the valuable genetics in the breeding process
and supports a great share of exotic and/or endemic plant
genera and species (Kiani et al., 2017; Parvin and Alizadeh,

challenging environmental issues (Parvin and Alizadeh,
2017). Furthermore, for the production of plants with
enhanced quality, the presence of species with attractive
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appearance and desired features has been emphasized in the
improvement of ornamental plants. Nowadays, the flower
industry is growing so fast that its development requires
introducing new varieties to the flower market. One of the
important purposes of this industry is to improve the product
features such as high flower production ability, flowering
uniformity, resistance to diseases and pests as well as flower
vase life (Noman et al., 2017). To Know different behavior
of plants in the growth period and flowering phenology, not
only helps carefully plan for the fertilization and harvesting,
but also saves expenses and energy consumption in the
flowering period (Van Der Ploeg and Heuvelink, 2006).
Iris species have large colorful flowers and are distributed
in the Northern Hemisphere from Europe to the Middle
East (Yang et al., 2017). Iris sp. grow near springs, rivulets,
uncultivable deserts and calcareous soils and some of the
species are specific to the cliff and rock regions (Kandemir
et al., 2019). Different species of /ris are used not only as
ornamental flowers, but also as one of the resources that
produce perfumes in the cosmetics and beauty industry
(Demir and Celikel, 2018). There is a very wide diversity of
Iris sp. and new cultivars can be obtained by hybridization
techniques. /ris sp. is an ornamental plant used in landscape
and cut flowers. Producing new cultivars of /ris is the main
purpose in the programs of cultivation and production of
ornamental plants (Demir and Celikel, 2018). In addition
to the ornamental aspect, Iris sp. has other features. The
researchers showed that some of the Iris species have the
capability of the uptake of heavy metals which can be used
in the phytoremediation and remediation of heavy metals
(Singaba et al., 2016). During the last three decades, the
classical methods have been increasingly performed for
evaluating the genetic diversity with molecular methods,
such as anatomy, morphology and physiology (Mosa et al.,
2019). There are different methods for investigating the
diversity among plant species, and one of the low-cost and
widely-used methods is to investigate the physiological
or morphological variations. Although morphology is
more affected by environmental conditions than molecular
diversity, it is used in different plants (Hosseini et al.,
2017). The morphological features can show the diversity
among the population. Wendelbo and Mathew (1975)
introduced 45 species of Iris where the 24 species and
subspecies are naturally distributed in Iran and 10 species
are endemic in Iran. In this colorful flora, Ghahraman
introduced 21 native species of Iris sp. (Azimi et al., 2019).
In another research, Azimi et al. (2011) evaluated the
existing genetic diversity in 18 species of /ris sp. collected
from different provinces of Iran by 10 random primers
of RAPD in the polymerase chain reaction. According to
RAPD data, cluster analysis divided different 18 species
into 6 groups. The results of study on the morphological
characteristics of 12 populations from three /ris species
with Iranian and German origin showed that the studied
populations of Iris were different considering most of the
qualitative and quantitative morphological traits. These
superior populations were introduced to improve existing
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hybrid and species of Iris. To identify the /ris species of
Hamedan province, a study was conducted by Khakizadeh
and Ghanavati (2010). The collected samples consisted
of 9 species: I reticulata M.B., I. songarica Schrenk, I.
spuria L., I. humenospatha subsp. Leptoneura Mathew &
Wendelbo, I. barnumae Baker & Foster, 1. meda Stupe, 1.
pseudocaucasica Grossh, I. germanica L., I. acutiloba C.A.
Mey. In another study, the genotype of wild Iris species
including 1. fosteriana, I. songarica and I. kopetdaghensis
were collected from different areas of Khorasan province to
investigate the genetic diversity of some /ris sp. using the
ISSR marker and 16 primers. The investigation of 6 ISSR
molecular markers among 126 reproduced bands showed
119 polymorphism bands (94/4%). The results of this
research showed that this marker can distinguish the species
and genotypes of the population in this species (Attari et
al.,, 2016). The researchers studied the morphological
traits of Oncusyclus subspecies Iris to determine the
classification relations and morphology. The vegetative
and reproductive characteristics related to 42 populations
(9 species) were measured and it was concluded that
the natural selection (including weather conditions
and geographical separation) caused the differentiation
among the population. They divided the mentioned
groups into two main groups by cluster analysis where
the first group includes the populations with dark color
and the second group includes the population with bright
color (Yuval et al., 2002). Rahimi et al. (2011) studied the
Iran’s endemic /ris. The morphological characteristics
of 24 accessions belonging to 5 species were analyzed
in the flowering season. The researchers divided the
studied /ris into three main groups. In another research,
the anatomic features of the leaves of eight species of Iris
were compared and their relationships were determined.
The species 1. pamphylica, 1. histrioides, 1. celikii, I.
danfordiae, 1. histrio ssp., I. pamphylica, 1. histrioides,
1 celikii, histrio ssp., 1. aintabensis, 1. bakeriana, I
aintabensis and 1. histrio are exclusive native to Turkey
(Kandemir, 2019).

Markazi province is the suitable place for conducting
this research because of having a mountain environment
and a suitable climate for [Iris species. Hence, the
documentation of the most important habitats of /ris in this
province, identification of morphological characteristics.,
and correlation determination of morphological traits are
the most important aims of this research.

Materials and Methods

Study Area

This study was conducted in Markazi province in
western Iran (Figure 1). To investigate the morphology of
wild genotypes according to the geographical distribution,
different regions including the mountains of different areas
were studied. The areas were located at 33-37° North latitude
and 40-50° East longitude and 1700-2500 m height above
sea level. The average annual air temperature over 40 years
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in Arak is 13.8 °C, and the average annual rainfall in the
same period is 341.7 mm. The average annual air humidity
is 58.46%, which indicates the dry air. The Arak region has
cold and humid winters and hot and dry summers, and the

LRIRAN -

winters usually last for a long period of 4 to 6 months. Spring
and autumn are short seasons. Arak has a semi-arid climate
according to the De Martone method, and it is in the dry
climate of the Embereger climate zone (MPMO).

Blai ki an Foevies e

A

Figure 1. Location of study areas in Arak, Markazi province, Iran

Sampling method

The data were collected from the end of March 2017 to
the end of June 2018. The main purpose was to identify and
evaluate the qualitative and phonological characteristics
of germplasm collection in this species. For this purpose,
the sites located in the rangelands, meadows, open plains,
foothills, heights and rivers were carefully visited. The
sampling was started from the areas that had early spring

and had species with early flowering. Due to the lack of
accurate maps from the vegetation site, collecting the paths
was started with the exploration from the climbers and
native people. To avoid possible vegetative similarities,
the samples were randomly chosen and marked at intervals
of 5-20 m apart (Hosseini et al., 2018; Schai-Braun et al.,
2020). GPS device was used to record the exact location of
sampling (Table 1).

Table 1. Flowering period, propagation and geographical location of the species identified with ornamental potential in

Markazi province, Iran.

Species Family il;sxg;iil?gf propagation Habitat Geographic coordinates
Sorkheh, Shahbaz Latitude:34° 22'-34° 34’
Tulipa biflora Liliaceae March- April  Seed and Bulb mountain, Nazm Longitude:40° 40'-49° 44’
Abad Altitude:2696
Latitude:37° 86’
T. armena Liliaceae April Seed and Bulb Aseman valley Longitude:35° 48’
Altitude:2135
Latitude:37° 86’
T. orphanidea Liliaceae April Seed and Bulb Aseman valley Longitude:35° 48’
Altitude:2135
Latitude:37° 86’
T. montana Liliaceae April- May Seed and Bulb Aseman valley Longitude:35° 48
Altitude:2141
Latitude:34° 34’
T. sylvestris Liliaceae April Seed and Bulb Sorkheh mountain Longitude:40° 40’
Altitude:1879
Latitude:34° 2’
T violacea Liliaceae April Seed and Bulb Nazm Abad Longitude:49° 44’
Altitude:2696
o Latitude:37° 86’
f;:z’;flelif;‘czrlli(; Liliaceae April Seed and Bulb Aseman valley Longitude:35° 48
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Altitude:2140- 2203
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F. persica Liliaceae April Seed and Bulb
F zagrica Liliaceae March- April ~ Seed and Bulb
. . g g Seed and
Iris songarica Iridaceae April- May Rhizome
. . Seed and
1. meda Iridaceae April- May Rhizome
1. hymenospatha Iridaceae March Seed and Bulb
L persica Iridaceae March Seed and Bulb
. . Seed and
1 spuria Iridaceae May- June Rhizome
Gla_dzolus Iridaceae April- May Seed and Bulb
atroviolaceus
Colchicum "
Colchicaceae October Seed and Corm
autumnal
Crgcus. Iridaceae March Seed and Bulb
cartwrightianus
. : Seed and
Anemone biflora  Ranunculaceae ~ March-April Rhizome
Corydalis :
S s Papaveraceae = March-April ~ Seed and Tuber
verticillaris

Aseman valley

Nazm Abad

Amr abad, Amir kabir
Township, Aman abad

Tafresh

Sorkheh, Shahbaz
mountain, Daen,
Tafresh
Aseman valley
Sorkheh, Shahbaz
mountain, Daen,
Tafresh, Hazaveh,
Haftad gholeh, Daen,
Tafresh, Hazaveh,
Ghayenaroogh,
Cheshmeh
sarab,Aseman valley

Far village

Aghil abad, Enaj

Aseman valley,
Nazm abad, Sorkheh,
Shahbaz mountain,
Ghayenaroogh

Sorkheh, Shahbaz
mountain

Sorkheh, Shahbaz
mountain Aseman
valley

Sorkheh, Shahbaz
mountain

39

Latitude:37° 86
Longitude:35° 48’
Altitude: 2140- 2203
Latitude:34° 2’
Longitude:49° 44’
Altitude:2696
Latitude:34° 14'- 340 86’
Longitude:50° 70'-50° 73’
Altitude:1771- 1730
Latitude:34° 38’
Longitude:50° 49’
Altitude:1909

Latitude:33° 25'-34° 38’
Longitude:40° 40'- 50° 49’
Altitude:2507- 1896

Latitude:33° 25'- 34° 78’
Longitude:40° 40’- 50° 49’
Altitude:2487- 1788

Latitude:34° 38’
Longitude:50° 48’
Altitude:2492
Latitude:33° 59'-34° 12’
Longitude:49° 21'- 49° 38’
Altitude:1878-1967
Latitude:33° 25'- 37° 86’
Longitude:40° 40'- 49° 44’
Altitude:2400
Latitude:33° 25'- 340 34’
Longitude: 40° 40"-49° 25’
Altitude:2035

Latitude: 33° 25'-37° 86'
Longitude: 35° 48'-49° 25’
Altitude: 1861-2135

Latitude: 33° 25'-34° 34
Longitude: 40° 40"-49 25’
Altitude:1861-2145

The traits of length and width of calyx, length of petals,
height of inflorescence, and length and width of flower were
measured by Mm ruler, and the caliper was used to measure
the bulb and rhizome, diameter of pedicel and diameter of
stem. In this research, the characteristics of flower such as
the number of flowers, length of petals, length of flowering
stem, odor, length of flower, diameter of pedicel, length of
calyx, width of calyx, height of inflorescence, and color
of flower were recorded in the habitats. The traits such as
the length of leaf, number of leaves and width of leaf were
measured and the bulbs were removed from the soil and

Ownam. Houtic, (Vigosa)

their lengths and widths were measured. The diameter and
length of rhizome were measured for the rhizome species.
The length of leaves was measured with Mm ruler and
the diameter of bulbs and rhizomes were measured with
a caliper. The code number was used for the odor, so that
code number 1 belongs to flowers with odor and code
number 0 belongs to flowers without odor. The colors were
classified by code for the intensity of color where code
number 1 belonged to the palest (white) and code number
6 belonged to the most chromatic (purple) flowers based
on the color classification of Iris by Crisan et al. (2018).
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The seed production was calculated based on the number
of seed capsules per inflorescence. All collected samples
were identified according to the keys found in the plant
flora (Wendelbo, 1977; Ghahraman, 1998; Al Maarri et al.,
2017; Kandemir, 2019; Azimi at al., 2019, Azimi, 2021).

Statistical analysis

Statistical design used in this experiment was
completely random with uneven duplicates. To analyze
the variance of morphological features in the Iris ecotypes,
the SAS software (version 9.1) was used. The Duncan
Multiple Range Test (DMRT) was conducted to determine
the significance of statistical difference between the
average treatments. The descriptive statistics and simple
correlation among features were done by SPSS software
(version 16). The Pearson coefficient was used to calculate
the correlation between the features. To obtain the genetic
intervals and expected dendrogram, the PAST drawing
software was used. The analysis of factors was done by
SPSS software (version 16) and varimax technique. The
coefficients above 1 were significant in each main and
independent factor.

Figure 2. Species of Iris in Arak region A) 1. songarica B) 1. meda C) I. persica D) I. hymenospatha E) I. spuria

i
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Results

In this research, the areas between the longitudes of
25°49’ and 73°50° and latitudes of 52°33” and 86°34” were
investigated. The five species of Iris including /. presica and
1. hymernospatha Sub Spleptoneura from bulb species and
1. mada, I. songarica, and I. spuria from rhizome species
were identified. The 1. persica includes 4 ecotypes, I. meda
includes two ecotypes, and I. songarica includes seven
ecotypes. Iris songarica Schrenk var. albitodo Ghahreman
was identified for the first time in Markazi province, and so
far, there have been no reports of such species in this area.
The best time for collecting Iris sp. was the first week of
April to early May for I. persica and 1. hymernospatha. 1t
was early May to early June for I. meda and I. songarica
and early June to early July for I spuria. A variety of I
songarica Schrenk var. albitodo Ghahreman was identified.
Different colors were identified in I songarica and I
persica (Figure 2 and Table 2).

In the assessed morphological characteristics, the
highest coefficient of variation was related to the diameter
of leafless stem (94.87) and the lowest coefficient of
variation was related to seeding (0) (Table 2).
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Table 2. Descriptive statistics for morphological characters in the studied accessions of Iris.

No. Character Abbreviation Unit
1 Number of flowers nflo number
2 Petal length pele cm
3 Calyx length cale cm
4 Calyx width cawi cm
5 Scent Sce code
6 Flower height inle cm
7 Diameter of peduncle stdi cm
8 Flowering stem length shle cm
9 Diameter of leafless stem stle cm
10 Leaf lenght lele cm
11 Leaf width lewi cm
12 Number of leaf nle number
13 bulb/rhizome length blue cm
14 bulb/rhizome diameter budi cm
15 Seed see %

The results of correlation of traits showed that the
highest positive correlation was between the height of
the flower and the length of the leaf (0.94), the length of
the flowering stem and the length of the leaf (0.86) and
the height of the flower and the length of the flowering
stem (0.83), and in contrast, the highest negative
correlation was obtained for the number of leaves and
the diameter of bulb/rhizome (-0.42), the length of bulb/
rhizome and the length of calyx (-0.37) and the width of
bulb/rhizome and seeding (-0.36). This means that the

Ownam. Houtic, (Vigosa)
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min max Mean sd CV (%)
1 4 1.69 0.82 39.55
3 7.2 2.85 0.86 62.38
0.07 5.5 1.4 0.97 50.47
0.1 2 0.31 0.31 66.42
0 1 0.48 0.5 59.95
6.5 124 24.69 30.51 26.01
0.1 1.2 0.2 0.16 76.65
1.3 38 9.62 7.97 63.03
0.168 3.82 0.78 0.32 94.78
6 100 24.23 20.31 21.77
0.2 3.3 0.78 0.77 37.44
2 17 4.89 2.45 37.45
11.5 6.17 2.61 27.1
0.6 2.7 1.34 0.53 18.91
8.8 95 55.37 32.37 0

higher the flower height, the larger the diameter of the
leafless stem and the higher the number of leaves, the
lower the bulb/rhizome diameter (Table 3). The traits
having a high coefficient of variation have a wider range
of quantitative traits and are considered as the wider
selection of the characteristics. The important traits
such as the length of calyx, diameter of pedicel, length
of flowering stem, length of petal, diameter of leafless
stem, length of leaf, width of leaf, and odor have the
highest diversity.
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Table 3. Bivariate correlations among the measured variables in the studied accessions of native /ris ecotype. Number of flowers (nflo), Petal length (pele), Calyx length (cale), Calyx
width (cawi), Scent (Sce), Flower height (inle), Diameter of peduncle (stdi), Flowering stem length (shle), Diameter of leafless stem (stle), Leaf length (lele), Leaf width (lewi), Number
of leaf (nle), bulb/rhizome length (blue), bulb/rhizome diameter (budi), Seed (see)

Nflo

Pele
Cale

cawi
Sce

Inle
Stdi
Shle
Stle
Lele
Lewi
Nle
Bule
Budi

See

Ownam. Houtic. (Vicosa)

nflo
1.00

0.21""

0.3
0.18"

0.23"

0.19"
0.35"
0.25"
-0.007

0.2

0.03

0.14
0.07"
-0.37
0.42"

Pele

1.00

0.56"
0.48"

0.41"

0.54"
0.3
0.64
0.16
0.52"
0.2
0.02
0.16
-0.04
0.63"

Cale

1.00
0.38"

0.24™

0.32"
0.44™
0.55"
0.03
0.34™
0.14
0.21"
0.13
-0.37"
0.68™

cawi

1.00
0.51"

0.7
0.47"
0.62*
0.21"
0.64"
0.37"

0.09

0.04
-0.05
0.72"

Sce

1.00

0.45"
0.29"
0.34
0.18
0.35"
0.21"
0.31"
0.27"
-0.17"
0.63"

inle

1.00
0.37"
0.83"
0.18"
0.94"
0.71"

0.07

0.14
0.24™
0.6

stdi

1.00
0.38™
0.12
0.29™
0.09
0.15
0.01
-0.24™
0.6"

shle

1.00
0.12
0.86™
0.45"
0.02
0.25"
0.06
0.7"

Stle

1.00
0.11
0.24™
0.05
0.01
0.04
0.2

lele

1.00
0.63"
0.09
0.23"
0.24™
0.55"

lewi

1.00

0.16
0.21"
0.66"

0.12

nle

1.00
-0.18"
-0.42™
0.25"

blue budi see
1.00
0.42™ 1.00

-0.01 -0.36"  1.00
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According to the cluster diagram, the ecotypes are
divided into 6 groups in the interval of 15 Euclid where
the both ecotypes of I. meda are in the same group.
The genotype of white and blue-white 1. songarica
collected from Amirkabir Shahrak area, purple-white
collected from Amrabad and white-purple collected from
Amirkabir Shahrak all had the traits in common. The
most common characteristics were the flower number,
length of petal, width of calyx, odor, length of flowering
stem, length of leaf, width of leaf, number of leaves and
amount of seeding. The purple-white, pink and pink-
white 1. songarica all collected from Amirkabir Shahrak
were in the same group and had common features that

make them close to each other. The purple-white color
of I. songarica, I. songarica 2, and I. songarica 3 were
categorized into two separate groups considering having
the same color. 1. persica from Shahbaz area, I. persica
from Tafresh, 1. persica from Aseman valley, I. persica
from Gerdoo mountain, /. hymernospat from Aseman
valley and 1. persica from Haftad Ghole all had common
traits, especially the length of stem and width of leaf. /ris
persica 2 from Cheshmeh Sarab, 1. persica from Daen,
Iris persica from Ghaynarogh, Iris persica from Hezaveh,
Iris persica from Gerdo mountain and Iris hymernospata
from Daen had more common features and closer
relationship (Figure 3).

Distance

(=] n
i i

-SET
-0ZT

=
[ -] )
Ln
I

~09
Lcp

£
_"[

L spuria
[, Madal
I Meda?

Lsongarical

Lsongaricar

Lsongarica?

Lsongaricat
Leongarica3
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Lsongaricad

1. Persicald

I Persica?

I Persica?
I Persica3

[, persicad

I, Persicad

—
[ Persical
1. Persica¥
L Persicag
L Persical
L hyml

L hym2

Figure 3. Dendrogram of cluster analysis for the studied accessions of /ris sp. Based on morphological traits.

The results of the analysis divided the morphological
data into 4 factors (Tables 4 and 5). These four factors
could justify 84.79% of total variance. In the first factor, the
traits of petal length, height of flower, seeding, number of
flowers, length and width of calyx had a higher coefficient
and justified 45% of the total variance. In the second factor,
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the features of odor, length of bulb and number of leaves
justified 19% of the total variance. In the third factor, the
features of bulb diameter, width of leaf and diameter of
leafless stem justified 11% of the total variance. In the
fourth factor, the feature of pedicel justified 7% of the total
variance.
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Table 4. Principle component analysis (PCA) for morphological traits in /ris sp.

Cumulative percentage of

Factors variance Eigenvalues in percent Variance of eigenvalues
1 6.97 46.52 46.52
2 2.89 19.26 65.78
3 1.68 11.25 77.03
4 1.16 7.75 84.79
5 0.78 5.21 90
6 0.46 3.1 93.11
7 0.34 2.3 95.41
8 0.26 1.79 97.21
9 0.14 0.96 98.7
10 0.1 0.7 98.87
11 0.07 0.49 99.37
12 0.05 0.38 99.75
13 0.02 0.18 99.94
14 0.007 0.04 99.98
15 0.002 0.01 100

Table 5. Factor coefficient after rotation of Verimax for 4 main factors. Number of flowers (nflo), Petal length (pele),
Calyx length (cale), Calyx width (cawi), Scent (Sce), Flower height (inle), Diameter of peduncle (stdi), Flowering stem
length (shle), Diameter of leafless stem (stle), Leaf length (lele), Leaf width (lewi), Number of leaf (nle), bulb/rhizome
length (blue), bulb/rhizome diameter (budi), Seed

Traits 1 2 3 4
Pele 0.82 0.34 -0.12 0.12
Lele 0.82 0.03 0.42 -0.05
Inle 0.75 0.06 0.55 0.12
Sce 0.56 0.71 0.21 0.03
Blue 0.22 -0.85 0.07 0.06
Budi -0.38 -0.54 0.59 -0.23
Nle 0.21 0.83 -0.12 0.06
Lewi 0.05 -0.16 0.95 0.1
See 0.92 0.25 -0.15 0.15
Nflo 0.53 0.44 -0.13 0.44
Cale 0.85 0.01 -0.4 0.16
Cawi 0.91 0.19 0.12 0.11
Stdi 0.04 -0.05 0.05 0.91
Shle 0.9 -0.16 0.16 0.05
Stle 0.24 0.2 0.54 0.54

According to the plot diagram (Figure 4), the ecotypes collected from Shahbaz mountain area, [Iris persica
of'the found /ris sp. were divided into four groups according  collected from Gerdo Mountain, and /ris hymernospatha
to the justifying traits. The first group included Iris persica  collected from Aseman valley.
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Figure 4. Two-dimensional scatter plot for the first two principal components (PC1/PC2, 24.41% of the total variability)

for the studied ac

The second group included Iris persica collected
from Cheshmeh Sarab, Iris persica collected from Daen,
Iris persica collected from Ghanarough, Iris persica
collected from Hezaveh, Iris persica collected from Gerdo
mountain, and Iris hymernospatha collected from Daen.
The third group included white Iris songarica, purple-
white Iris songarica of Amrabad area, Purple-white Iris
songarica of Amirkabir town, pink /ris songarica, pink-
white Iris songarica, white-purple Iris songarica, white-
blue Iris songarica, creamy and a little purple Iris meda,
and yellow-purple /ris meda. The fourth group including
Iris spuria independently formed a group.

Discussion

According to the observations during this research, the
rhizome species were found in different areas from high
mountains to vast sandy plains or different swamps and
ponds, but the bulb species were only found in the mountain
areas. Based on observational findings, different insects
lived around the rhizome species, especially the ants had
nests where Iris songarica grew. Considering the found
colorful diversity of this species and the existence of many
insects, it can be stated that this species had many other
ways of pollination and included different varieties that
have not yet been identified. Five species were identified in
Arak and surroundings where Iris persica species includes
four ecotypes, Iris meda includes two ecotypes, and Iris
songarica includes seven ecotypes consisting of six colors.
For the first time, Iris songarica Schrenk var. albitodo
was identified in Arak and it was already identified by
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cessions of L. sp.

Ghahraman in Shiraz in 1998 and found in Amirkabir area
in our research. Similarly, Beiramizadeh (2009) identified 9
species, but the species were not mentioned. Also, Rahimi
et al. (2011) mentioned one species for Markazi province
in 2011 and Azimi et al. 2019 mentioned one species for
Markazi province, and we also identified these species.

The diversity in different characteristics shows the
enriched germplasm of this bulbous plant for the breeding
of the desired traits to develop, increase in the efficiency,
and commercial exploitation. The results showed that
there is a correlation between some of the traits. The
highest positive correlation was related to the height
of flower and length of leaf, length of leaf and length
of petal, number of leaf and length of leaf, length of
flowering leaf and length of leaf, and flower height and
length of flowering stem, which was consistent with the
results of Azimi et al. (2016) and Roueen et al. (2015). The
coefficient of correlation between the length of stem and
the size showed that there is a direct relationship between
the length of stem and the leaf size, so that the genotypes
with higher height produced larger leaves (Roueen et al.,
2015; Azimi and Banijamali, 2019).

Also, our results were consistent with other bulbous
species such as shallots. According to the results of
Hosseini et al. (2017) on the shallots, the correlation
between the height of stem and the length and width of
leaf was positive and significant, that is, with increasing
the leaf length and width, the stem height can be increased.
The highest negative correlation was related to the length
of leaf and the length of bulb/rhizome with the length of
calyx and diameter of bulb/thizome and seeding. Most
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likely, the diameter and length of bulb/rhizome affect
the morphology of aerial organs. They have been rarely
mentioned so far and the results were inconsistent with
the results of Kapczynska (2014) who stated that the
average produced leaves in the 5.1-6 cm bulbs were
similar to larger bulbs, but the number of produced leaves
in the bulbs less than 5 cm were significantly less than
other bulbs. There were not many differences between the
species in the traits related to leaf.

There were not many differences between the species
in the traits related to leaf. The obtained results in the
morphological diversity of native I7is sp. of Iran showed that
there were significant differences between all the studied
qualitative traits where the highest phonotype diversity was
observed for the feature of leaf width (Rahimi et al., 2011).
The studied species of /ris had significant differences in the
most characteristics that were consistent with the findings
of Azimi et al. (2018), Azimi (2021), Rahimi et al. (2011)
and Abroshan et al. (2017).

According to the cluster diagram, the ecotypes were
divided into six groups in the interval of 15 Euclid where
the both colors of Iris meda species are in the same group.
The white and blue-white Iris singarica collected from
Amirkabir, purple-white collected from Amrabad and
white-purple collected from Amirkabir all had traits in
common and the most common features were the number
of flowers, length of petal, width of calyx, odor, length of
flowering stem, length of leaf, width of leaf, number of
leaves, and amount of seeding.

The purple-white, pink and pink-white Iris songarica
collected from Amirkabir were grouped and have common
characteristics that make them close to each other. The
purple-white colors of Iris songaric, Iris songarica 2, and
Iris songarica 3 were divided into two separate groups
which can be due to the environment effects, geographical
area and climate of the habitat of two different areas.
Kandemir (2019) found that the natural selection (including
weather conditions and geographical separation) caused
the differentiation among the populations.

Based on the results of the cluster diagram, the bulbous
species were separated from rhizome species. As was found
from the Azimi et al. (2019) results, the cluster analysis
based on the quantitative traits can separate the rhizome
Iris sp. from bulbous Iris sp. as qualitative traits. Iris
spuria was not mentioned in the Ghahraman colorful flora
in Arak, but the identification of this species in Poldoab
was mentioned in a research in 2016, and we identified this
species around the village of Far.

Conclusions

Generally, because of color diversity of Iris sp. and
unique beauty of the flowers and the resistance of the native
species, they can be used as native foundations. Due to the
prominent traits such as high durability of Iris meda, odor
of I. hymernospatha Subsp. leptoneura and color diversity
of I persica, 1. songarica and height of I spuria, they
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can be used to introduce new ornamental species. Also,
considering the beauty of Iris persica, Iris meda, Iris
songarica, and Iris spuria flowers, they can be introduced
as ornamental flowers among which Iris spuria is the most
suitable genotype because of the high height, large flower,
high durability, and beautiful flower.
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