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Abstract
Hedera is a genus of evergreen climbers distributed throughout Europe, North Africa, Macaronesia, and Asia. In this study,
the morphological and anatomical structures of 11 populations from two species of Hedera (H. helix and H. pastuchovii) have been
considered to evaluate the relationships in this genus. In total, 19 quantitative and eight qualitative morphological features were
evaluated and measured. Ward’s dendrogram showed two main clusters. The first cluster is composed of populations of H. helix and
the second cluster is composed of two subclusters containing populations of H. pastuchovii. Both species showed a bifacial leaf
anatomical structure, so the mesophyll is differentiated into palisade and spongy tissues. Petiole cross sections showed rounded shape
with wavy margin. Pedicel cross sections are similar in the general shape but the margins are different between two species. Both are
rounded shape and the margin is quite wavy in H. helix and straight in H. pastuchovii. Number of vascular bundles of pedicel is
different between two species. Two types of covering trichomes were identified including stellate trichomes in H. helix and scale-like
trichomes in H. pastuchovii. Studied taxa were clearly separated by selected morphological and anatomical characters and these data
provide additional evidence for species relationships between them.
Keywords: Araliaceae, evergreen, leaf, petiole, trichome
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*ﻣﻄﺎﻟﻌﻪ رﯾﺨﺖﺷﻨﺎﺳﯽ و ﺗﺸﺮﯾﺤﯽ ﺟﻨﺲ ﻋﺸﻘﻪ در اﯾﺮان

A

1398/09/09 : ﭘﺬﯾﺮش/ 1398/06/23 :درﯾﺎﻓﺖ

ST

 اﯾﺮان، ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮕﺎه ﮔﻨﺒﺪ ﮐﺎووس، داﻧﺸﮑﺪه ﻋﻠﻮم ﭘﺎﯾﻪ، ﮔﺮوه زﯾﺴﺖﺷﻨﺎﺳﯽ، داﻧﺶآﻣﻮﺧﺘﻪ دﮐﺘﺮي:اﻟﻬﺎم اﻣﯿﻨﯽ
 اﯾﺮان، ﻗﻢ، داﻧﺸﮕﺎه ﻗﻢ، داﻧﺸﮑﺪه ﻋﻠﻮم ﭘﺎﯾﻪ، ﮔﺮوه زﯾﺴﺖﺷﻨﺎﺳﯽ، داﻧﺶآﻣﻮﺧﺘﻪ دﮐﺘﺮي:ﻓﺎﻃﻤﻪ ﻧﺼﺮاﻟﻬﯽ

(sattarian.ali@gmail.com)  اﯾﺮان، ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮕﺎه ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮑﺪه ﻋﻠﻮم ﭘﺎﯾﻪ، داﻧﺸﯿﺎر ﮔﺮوه زﯾﺴﺖﺷﻨﺎﺳﯽ:ﻋﻠﯽ ﺳﺘﺎرﯾﺎن
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 اﯾﺮان، ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮕﺎه ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮑﺪه ﻋﻠﻮم ﭘﺎﯾﻪ، ﮔﺮوه زﯾﺴﺖﺷﻨﺎﺳﯽ، داﻧﺶآﻣﻮﺧﺘﻪ ﮐﺎرﺷﻨﺎﺳﯽ ارﺷﺪ:ﻣﺤﺒﻮﺑﻪ ﺣﺎﺟﯽﻣﺮادﺧﺎﻧﯽ
 اﯾﺮان، ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮕﺎه ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮑﺪه ﻋﻠﻮم ﭘﺎﯾﻪ، اﺳﺘﺎدﯾﺎر ﮔﺮوه زﯾﺴﺖﺷﻨﺎﺳﯽ:ﺳﻬﺮاب ﺑﻮذرﭘﻮر

 اﯾﺮان، ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮕﺎه ﮔﻨﺒﺪﮐﺎووس، داﻧﺸﮑﺪه ﻋﻠﻮم ﭘﺎﯾﻪ، اﺳﺘﺎدﯾﺎر ﮔﺮوه زﯾﺴﺖﺷﻨﺎﺳﯽ:ﻣﯿﺜﻢ ﺣﺒﯿﺒﯽ
ﺧﻼﺻﻪ

، در اﯾﻦ ﻣﻄﺎﻟﻌﻪ. ﻣﺎﮐﺎروﻧﺰي و آﺳﯿﺎ ﭘﺮاﮐﻨﺪﮔﯽ دارد، آﻓﺮﯾﻘﺎي ﺷﻤﺎﻟﯽ، )ﻋﺸﻘﻪاﯾﺎن( ﺟﻨﺴﯽ از ﺑﺎﻻروﻧﺪﮔﺎن ﻫﻤﯿﺸﻪ ﺳﺒﺰ اﺳﺖ ﮐﻪ در اروﭘﺎHedera L.
( ﻣﻮرد ﺑﺮرﺳﯽ ﻗﺮار ﮔﺮﻓﺘﻨﺪ و رواﺑﻂ آنﻫﺎ ﻧﯿﺰ در اﯾﻦ ﺟﻨﺲH. pastuchovii  وH. helix) Hedera  ﺟﻤﻌﯿﺖ از دو ﮔﻮﻧﻪ11 ﺳﺎﺧﺘﺎر رﯾﺨﺖﺷﻨﺎﺧﺘﯽ و ﺗﺸﺮﯾﺤﯽ
. دو ﺧﻮﺷﻪ اﺻﻠﯽ را ﻧﺸﺎن دادward  دﻧﺪروﮔﺮام. وﯾﮋﮔﯽ ﮐﻤﯽ و ﻫﺸﺖ وﯾﮋﮔﯽ ﮐﯿﻔﯽ رﯾﺨﺖﺷﻨﺎﺧﺘﯽ ارزﯾﺎﺑﯽ و اﻧﺪازهﮔﯿﺮي ﺷﺪﻧﺪ19 ، در ﻣﺠﻤﻮع.ارزﯾﺎﺑﯽ ﮔﺮدﯾﺪ
 ﻫﺮ دو ﮔﻮﻧﻪ ﯾﮏ. اﺳﺖH. pastuchovii  و ﺧﻮﺷﻪ دوم از دو زﯾﺮﻣﺠﻤﻮﻋﻪ ﺗﺸﮑﯿﻞ ﺷﺪه و ﺷﺎﻣﻞ ﺟﻤﻌﯿﺖﻫﺎيH. helix ﺧﻮﺷﻪ ﻧﺨﺴﺖ ﻣﺘﺸﮑﻞ از ﺟﻤﻌﯿﺖﻫﺎي
 ﺳﻄﺢ ﻣﻘﻄﻊ دﻣﺒﺮگ ﮔﺮد ﺑﺎ ﺣﺎﺷﯿﻪ، از ﺳﻮي دﯾﮕﺮ. ﺑﻨﺎﺑﺮاﯾﻦ ﻣﺰوﻓﯿﻞ ﺑﺎ ﺑﺎﻓﺖﻫﺎي ﻧﺮدﺑﺎﻧﯽ و اﺳﻔﻨﺠﯽ ﻣﺘﻤﺎﯾﺰ ﻣﯽﺷﻮد،ﺳﺎﺧﺘﺎر ﺗﺸﺮﯾﺤﯽ دووﺟﻬﯽ را ﻧﺸﺎن ﻣﯽدﻫﻨﺪ
 ﺑﻪ ﻃﻮري ﮐﻪ اﯾﻦ ﺣﺎﻟﺖ در ﻫﺮ دو ﮔﻮﻧﻪ ﮔﺮد وﻟﯽ ﺣﺎﺷﯿﻪ در، ﺷﮑﻞ ﮐﻠﯽ ﺳﻄﺢ ﻣﻘﻄﻊ در دﻣﮕﻞ ﻣﺸﺎﺑﻪ اﻣﺎ ﺣﺎﺷﯿﻪﻫﺎ در ﻫﺮ دو ﮔﻮﻧﻪ ﺑﺎ ﻫﻢ ﻣﺘﻔﺎوت ﺑﻮده.ﻣﻮجدار اﺳﺖ
 دو ﻧﻮع ﮐﺮك ﺷﺎﻣﻞ ﮐﺮكﻫﺎي. ﺗﻌﺪاد دﺳﺘﺠﺎت آوﻧﺪي در دﻣﮕﻞ ﺑﯿﻦ دو ﮔﻮﻧﻪ ﻧﯿﺰ ﻣﺘﻔﺎوت اﺳﺖ. ﺻﺎف ﻣﯽﺑﺎﺷﺪH. pastuchovii  ﺗﻘﺮﯾﺒﺎ ﻣﻮجدار و درH. helix
 ﮔﻮﻧﻪﻫﺎي ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﺑﻪ وﺿﻮح ﺗﻮﺳﻂ وﯾﮋﮔﯽﻫﺎي اﻧﺘﺨﺎﺑﯽ رﯾﺨﺘﯽ و ﺗﺸﺮﯾﺤﯽ از ﻫﻢ ﺟﺪا. ﻣﺸﺨﺺ ﺷﺪH. pastuchovii  و ﮐﺮك ﻓﻠﺴﯽ درH. helix ﺳﺘﺎرهاي در
.ﺷﺪه و اﯾﻦ دادهﻫﺎ ﺷﻮاﻫﺪ زﯾﺎدي ﺑﺮاي رواﺑﻂ ﺑﯿﻦ اﯾﻦ دو ﮔﻮﻧﻪ ﻓﺮاﻫﻢ ﻣﯽﮐﻨﺪ
 ﻫﻤﯿﺸﻪ ﺳﺒﺰ، ﮐﺮك، ﻋﺸﻘﻪاﯾﺎن، دﻣﺒﺮگ، ﺑﺮگ:واژهﻫﺎي ﮐﻠﯿﺪي
* ﻣﺴﺘﺨﺮج از ﭘﺎﯾﺎنﻧﺎﻣﻪ ﮐﺎرﺷﻨﺎﺳﯽ ارﺷﺪ ﻧﮕﺎرﻧﺪه ﭼﻬﺎرم ﺑﻪ راﻫﻨﻤﺎﯾﯽ دﮐﺘﺮ ﻋﻠﯽ ﺳﺘﺎرﯾﺎن و دﮐﺘﺮ ﺳﻬﺮاب ﺑﻮذرﭘﻮر اراﯾﻪ ﺷﺪه ﺑﻪ داﻧﺸﮕﺎه ﮔﻨﺒﺪ ﮐﺎووس
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morphology has been widely used to delimit taxa.

Introduction
Hedera L. (Araliaceae) is a genus of evergreen

Species of Hedera fall into two groups: those with

climbers distributed throughout Europe (Stace 1997),

stellate trichomes, and those with scale-like trichomes

North Africa (Rutherford et al. 1993), Macaronesia

(Mcallister 1981, Ackerfield 2001). Juvenile leaf

(Rutherford et al. 1993), and Asia (Tobler 1912). This

morphology from entire to 3–7-lobed may help in species

genus is a considerable element in European and Asian

identification and evaluation (Valcárcel & Vargas 2010).

woodlands, comprising a large component of the forest

Due to the relative stability of some anatomical

understory. Hedera is a liana with adventives fixing roots

traits related to environmental factors, the anatomical

with two stem types: fertile and sterile. Leaves are

results are important in the systematic of Hedera. The

alternate, dimorph, palmate-lobed at the sterile stems and

anatomical structure of some Hedera species shows that,

ovate with smooth margins at the fertile stems. In all

anatomical

organs of plant, there are secretive ducts (Fahn 1979).

delimitation especially about similar taxa. Taxonomic

This genus has certain anatomical features depending on

value

the growing conditions, such as the type cells of the

documented in botanical literature (Dilcher 1974,

palisade tissue or secretive ducts (Esau 1965). The ivy is

Metcalf 1985). The data on anatomy of the genus Hedera

ornamental and medicinal plant and sometimes it is an

is relatively poor and only few works are available.

invasive species.

Savulescu & Luchian (2009) studied comparative

can

epidermis

be

valuable

anatomical

in

features

species

is

well

IH

A

of

features

anatomy of the vegetative organs of the H. helix and

(Seeman 1868, Eyde & Tseng 1971), but the delimitation

found that, the leaves are hypostomatic type with
tectorial hairs and the mesophyll is bifacial. Into the

A

of species and recognition of taxa are still being

N

This genus is well-established morphologically

mesophyll are vascular bundles of collateral type with the

recognized in the last treatments (Pojarkova 1951,
McAllister 1982, 1988, McAllister & Rutherford 1983,

oxalate are in some cells of mesophyll and secretive

1990, Rutherford 1984, 1989, Rutherford et al. 1993,

ducts are into the median nervure. Konarska (2014)

xylem outside and phloem inside. Crystals of calcium

Rose 1996, Ackerfield 2001, Ackerfield & Wen 2002).

investigated the flower nectaries of H. helix and found

Despite15 species in the world, Hedera includes three

that, the gland is made up of single-layered epidermis

species in the Flora Iranica region (Browicz 1973). The

covered with a massive cuticle and several layers of

general lineage concept (de Queiroz 1998, 2007) was

secretory parenchyma composed of tiny, compactly

assumed using morphological diagnostic capability as the

arranged cells containing chloroplasts and druses.

main operational criterion for evaluating species. The use

Savulescu & Luchian (2009) studied the diagnostic value

of quantitative morphological characters in taxonomy is

of Hedera epidermis and illustrated that epidermis is

traditionally eventual on the existence of discrete

made up of only one cells layer with polygonal cells with

diagnostic characters. When plant species are the result

thin lateral walls and corrugated. Amini et al. (2020)

of recent divergence and gene flow and/or hybridization

surveyed micro-morphology of epidermis and show that,

occur, the use of morphological characters may help in

there were two types of epidermal cells: puzzle-shaped

species

cells and polygonal cells.

RO

ST

discussed. Between nine and 15 species have been

identification

and

delimitation.

Trichome

(Seemann 1868, Hibberd 1893, Tobler 1912, Lawrence

Despite its ecological impacts and economic

& Schultze1942, Mcallister 1981, Rose 1996) and

importance, however, the taxonomy and relationships of

juvenile leaf (Rutherford et al. 1993, Ackerfield & Wen

the species of Hedera are unclear. This study examines

2002, Valcárcel 2008, Valcárcel & Vargas 2010) are

the patterns of morphological variation among Hedera

important morphology characters in Hedera. Trichome

taxa by emphasizing juvenile phase of plant morphology,

146
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leaf anatomy and trichome characters. In addition,

- Anatomical methods

Hedera species are not efficiently separated due to

Fresh leaf materials of the second or third nodes

morphological similarities. Species relationship based on

of the stem were fixed in the field with formalin-acetic

anatomical structure in Hedera species is evaluated for

acid-alcohol (FAA). Four cross-sections were measured

the first time in Iran. The specific goals of this study

for each sample to assess the consistency of anatomical

were as follows: (1) to examine morphological characters

characters. All materials were boiled for 15 minutes and

that could be useful to separate taxa, (2) to assess the

then fixed in Carnoy solution (alcohols to acetic acid in

value of anatomical characters and trichome morphology

proportion 3:1). Handmade cross-sections were obtained

in two species of Hedera in Iran, and (3) to evaluate the

from leaf blades, petioles and pedicels using commercial

affinities and relationships of taxa.

razor blades. The cross-sections were obtained using
carmine and methylene green double staining method.

Materials and Methods

Subsequently, the materials were washed in distilled

- Morphological methods

water (1 minute) and dehydrated through an ethyl alcohol

Hedera species were collected from different locations in

(70%) and were mounted on microscopic glass slides.
Slide sections were studied and photographed.

A

In the present study, 11 populations of two

IH

Iran and preserved in the Gonbad Kavous University
Herbarium (Iran). Identification of populations was

Results

carried out on the basis of Flora Iranica (Browicz 1973).

- Macro-morphological study

quantitative

and

eight

qualitative

Both species are evergreen climbing or ground-creeping

morphological features were evaluated and measured

(Table 2). These features were internode length, petiole

phyllotaxy. Main differences between these two species

length, blade length, blade width, sepal length, sepal

are in leaf shape and size (particularly of the juvenile

woody plants with heterophylly leaves having alternate

width, petal length, petal width, anther length, anther

leaves), the structure of the leaf trichomes and the color

width, stamen length, style length, fruit length, fruit

of the flowers and fruit. This climbing plant presents

width, seed number, seed length, seed width, peduncle

heteroblasty due to two different growth phases, the

length, pedicel length, leaf form, leaf base, trichome

vegetative and reproductive phases. Heteroblasty in

type, trichome color, petal color, seed form, seed color,

Hedera is apparent in leaf morphology; the leaves are

fruit color.

generally lobate in the vegetative phase but entire in the

RO

ST

Nineteen

of the plant is somehow similar in the species studied.

A

is given in table 1.

Our observations indicated that, the general shape

N

A list of voucher specimens of the corresponding species

To reveal the species relationships, Cluster

reproductive phase. The typical lanceolate leaves with

Analysis (CA) and Principal Component Analysis (PCA)

rounded and rarely oblong-elliptic lobes and cordate or

were applied (Ingrouille 1986). The average taxonomic

cuneate at the base that characterize the vegetative phase

distances and squared Euclidean distances were used as

in H. pastuchovii Woron. ex Grossh. are completely

dissimilarity coefficient in the cluster analysis of

different from the typical heart-shaped leaves of H. helix,

morphological data. In order to determine the most

with the base of cordate and palmately five-lobed on

variable morphological characters between the studied

stem. Two species are covered with diverse hairs. Hedera

species, factor analysis based on principal components

helix had more dense hair cover (stellate) and

analysis was performed by PAST software Ver. 2.17

H. pastuchovii had scale-like trichomes. The flowers are

(Hammer et al. 2001).

greenish-yellow with five small petals and five sepals.
The fruit color is another difference in these species
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which in H. helix is black while H. pastuchovii shows

that, there were two components providing more than

brown color.

76% of total observed variation in studied morphological

In order to define the diagnostic value of

characters. Studying the component loading was evident

morphological characters in species delimitations in

that fruit color, trichome color and leaf form are most

studied Hedera species, cluster analysis by Ward’s

important features in the first factor and petal color, seed

method was performed on the base of 27 qualitative and

form and trichome type are most significant in the second

quantitative features (Fig. 1). Ward’s dendrogram

factor. PCA ordination based on studied morphological

showed two main clusters (Fig. 1). First cluster

characters separated species in to distinct groups (Fig. 2).

composed of populations of H. helix. Second cluster

PCA confirmed the results of cluster analysis by Ward’s

composed of two subclusters and contained populations

method based on qualitative and quantitative features of

of H. pastuchovii. Principal component analysis revealed

two studied species (Fig. 2).

Table 1. List of the Iranian species of Hedera used in the present study along with their localities and vouchers
preserved in the Gonbad Kavous University Herbarium (Gonbad Kavous, Iran)
Collection data

A

Taxa

Tehran prov.: Research Institute of Forests and Rangelands, 1250 m, Haji Moradkhani (803298)

H. helix (wild)

Golestan prov.: Gonbad Kavous, 900 m, Haji Moradkhani (803297)

H. helix (wild)

Fars prov.: Shiraz, Kamfiruz, Tang-e Bostanak, 1500 m, Haji Moradkhani (803299)

H. pastuchovii Woron.
ex Grossh.

Golestan prov.: Gorgan, Naharkhoran forest, 1000 m, Haji Moradkhani (803270)

H. pastuchovii

Golestan prov.: Gorgan, Ziarat village, 950 m, Haji Moradkhani (803273)

H. pastuchovii

Gilan prov.: Gisum forest, 800 m, Haji Moradkhani (803289)

H. pastuchovii

Gilan prov.: Fuman forest, Mirmahaleh, 950 m, Haji Moradkhani (803292)

H. pastuchovii

Gilan prov.: Somee Sara, 1000 m, Haji Moradkhani (803290)

H. pastuchovii

Mazandaran prov.: Nur forest, 1050 m, Haji Moradkhani (803279)

H. pastuchovii

Mazandaran prov.: Najardeh, 980 m, Haji Moradkhani (803278)

H. pastuchovii

Mazandaran prov.: Sari, 800 m, Haji Moradkhani (803295)

RO

ST

A

N

IH

H. helix L. (cultivated)

Table 2. Quantitative and qualitative morphological characters in Hedera species
No.

Character

No.

Character

1

Internode length (mm)

15

Seed number (mm)

2

Petiole length (mm)

16

Sed length (mm)

3

Blade length (mm)

17

Seed width (mm)

4

Blade width (mm)

18

Peduncle length (mm)

5

Sepal length (mm)

19

Pedicel length (mm)

6

Sepal width (mm)

20

Leaf form (heart-shaped 1; lanceolate 2)

7

Petal length (mm)

21

Leaf base(cuneate 1; cordate 2)

8

Petal width (mm)

22

Trichome type (scale-like 1; stellate 2)

9

Fruit length (mm)

23

Trichome color (white 1; grey 2)

10

Fruit width (mm)

24

Petal color (pale green 1; green-yellow 2)

11

Anther length (mm)

25

Seed form (ovate 1; circular 2)

12

Anther width (mm)

26

Seed color (black 1; brown 2)

13

Stamen length (mm)

27

Fruit color (black 1; brown 2)

14

Style length (mm)

-

-
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Fig. 1. Cluster analysis (Ward’s method) based on the morphological features of Hedera.
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Fig. 2. PCA plot of Hedera species based on the studied morphological data.
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- Anatomical study

149

significant difference in size. The outline of the leaf
blades was homogeneously linear. Both species showed a

blades, petioles and pedicels as well as the type of

bifacial leaf anatomical structure, so the mesophyll is

indumentums are presented in figures 3–6. Most

differentiated into palisade and spongy tissues. In

characters show significant variability between two

general, the cross-sections are shown according to their

species but were constant among different specimens of

plane of dorsi-ventral symmetry: bifacial which is

each species studied. Some of the most important

characterized by palisade parenchyma arranged in 2–3

anatomical characters of leaves, petioles and pedicels in

layers on the upper surface (or ventral side) and the lower

these species are as follows: transverse section shape,

mesophyll filled by spongy parenchyma (Fig. 3D). The

type of mesophyll (dorsi-ventral vs. isobilateral),

spongy parenchyma consists of 6–8 layers of irregular

thickness

sclerenchyma,

cells in most populations. The shape of vascular bundles

collenchyma and sclerenchyma layer number, thickness

varies considerably between two species of Hedera

of phloem and xylem, thickness of cuticle, number of

studied here from circular (H. helix, Fig. 3A) through

secretary canal, spongy parenchyma layer number,

continuous arc median bundle often with curved ends

Palisade parenchyma layer number, number of vascular

(H. pastuchovii, Fig. 3C). Two species possess inorganic

bundles, thickness of pith, density and distribution of

deposits in their mesophyll most likely of calcium

druses, trichome type.

oxalate

- Leaf section

distributed in the mesophyll and around the vascular

and

Cross sections of the midrib and leaf blade

compounds.

Druse

crystals

were

mainly

bundles of the leaf mostly in high density. They were
densely distributed in the mesophyll of H. pastuchovii

A

presented the following features (Fig. 3): the upper and

IH

collenchyma

N

of

A

Selected LM micrographs of cross-sections of leaf

ST

lower epidermis consist of a single cell layer with no

(Fig. 3H), but sparsely in H. helix (Fig. 3A).

Taxon

H. helix
H. helix
H. helix
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii

Cln

Sln

Xth

Pth

Ppln

Spln

Dd

Trt

RO

Table 3. Midrib characteristics of Hedera species
MBS

Ms

Circular
Circular
Circular
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped

Bifacial
Bifacial
Bifacial

4
4
4

4
3
4

22.66±4.3
21.34±1.8
19.36±2.2

14.3±2.2
14.3±2.1
14.1±2.2

3
2
3

6
6
6

Sparse
Sparse
Sparse

Bifacial

6

5

41.56±2.3

23.3±4.2

3

8

Dense

Bifacial

7

6

38.32±3.3

19.7±1.2

3

8

Dense

Bifacial

6

6

40.26±1.3

25.6±1.2

2

8

Dense

Bifacial

7

5

42.36±2.2

25.3±2.7

3

8

Dense

Bifacial

6

6

50.43±5.3

21.2±1.2

3

7

Dense

Bifacial

7

6

48.66±4.3

26.4±3.4

2

7

Dense

Bifacial

6

6

47.53±6.3

24.3±2.2

3

8

Dense

Bifacial

6

5

44.86±5.3

18.5±4.5

3

8

Dense

Stellate
Stellate
Stellate
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike

MBS = Median bundle shape; Ms = Mesophyll symmetry; Cln = Collenchyma layer number; Sln = Sclerenchyma layer number;
Xth = Xylem thickness; Pth = Phloem thickness; Ppln = Palisade parenchyma layer number; Spln = Spongy parenchyma layer
number; Dd = Druses density; Trt = Trichome type.

Amini et al. / Morphological and anatomical study of the genus Hedera…/ Rostaniha 20(2), 2019

RO

ST

A

N

IH

A

150

Fig. 3. Transverse sections of midrib in Hedera: A-B. H. helix, C-D. H. pastuchovii, E-F. H. pastuchovii,
G-H. H. pastuchovii.
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were densely distributed in H. pastuchovii (Fig. 4C), but

- Petiole section
Petiole cross sections showed rounded shape with
wavy margin (Fig. 4). The epidermis is composed of

sparsely in H. helix (Fig. 4A).
- Pedicel section
Pedicel cross sections of both species of Hedera

under the epidermis of the stem. They are 4–5-layered in

are studied. These two species are similar to each other in

both species. The cortex tissue is composed of 4–5-

the general shape of cross section but the margins are

layered parenchyma cells. A ring of sclerenchyma is

different between two species. Both are rounded shape

present in both studied species. Vascular bundles are

and the margin is quite wavy in H. helix (Fig. 5A) and

arranged in a single circle. Shape and number of vascular

straight in H. pastuchovii (Fig. 5E). Sclerenchyma tissue

bundles is different. Number of vascular bundles is 5–7

thickness in ranging from 6.5 μm in H. helix to 19.2 μm

in two sizes with U-shaped outline. There are five

in H. pastuchovii. Sclerenchyma tissue thickness in

vascular bundles in H. pastuchovii (Fig. 4C) and seven in

H. pastuchovii is 19.2 μm and that is the maximum

H. helix (Fig. 4A). The xylem is surrounded by

sclerenchyma thickness (Fig. 5D). Vascular bundles are

sclerenchymatous cells. Parenchyma cells in H. helix,

arranged in a single circle. Number of vascular bundles is

comprises of the 9–2 secretary canals (Fig. 4A) but is

different. Vascular bundles in H. helix are 12 (Fig. 5A)

6–8 in H. pastuchovii (Fig. 4C). Pith thickness in H. helix

and in H. pastuchovii are 24 (Fig. 5C). Pith thickness in

(55 μm) is smaller than H. pastuchovii (123 μm). Druse

H. helix (95 μm) is smaller than H. pastuchovii (153 μm).

IH

A

single layered cells. The collenchyma tissue is located

N

crystals were mainly distributed in the mesophyll and

H. helix
H. helix
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii

Cln

Sln

Xth

Pth

Vbn

Scn

Pt

Dd

Trt

4

2

15.2±2.5

6.3±2.1

5

11

55±5

Sparse

Stellate

2

18.2±3.3

5.5±2.2

5

9

58±3

Sparse

Stellate
Stellate

4

ST

H. helix

MBS
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped
Open
U-shaped

RO

Taxon

A

Table 4. Petiole characteristics of Hedera species

4

2

14.4±3.2

7.3±1.5

5

12

54±2

Sparse

5

5

39.5±4.4

17.3±2.2

7

8

124±12

Dense

5

4

43.2±3.5

18.3±2.2

7

7

114±10

Dense

5

4

36.3±2.2

15.6±4.1

7

8

123±9

Dense

4

4

41.5±2.3

18.2±2.2

7

6

118±11

Dense

4

5

39.3±4.2

15.1±2.4

7

6

116±14

Dense

5

5

43.1±5.3

17.1±2.3

7

7

121±16

Dense

5

4

41.2±3.6

16.5±2.5

7

8

117±13

Dense

5

5

36.2±2.4

15.3±2.6

7

8

122±11

Dense

Scalelike
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike
Scalelike

MBS = Median bundle shape; Cln = Collenchyma layer number; Sln = Sclerenchyma layer number; Xth = Xylem thickness;
Pth = Phloem thickness; Vbn = Vascular bundles number; Scn = Secretary canal number; Pt = Pith thickness; Dd = Druses
density; Trt = Trichome type.
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Table 5. Pedicel characteristics of Hedera species
Taxon
H. helix
H. helix
H. helix
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii
H. pastuchovii

MBS
Open
V-shaped
Open
V-shaped
Open
V-shaped
Triangular
Triangular
Triangular
Triangular
Triangular
Triangular
Triangular

Sth

Cln

Xth

Pth

Pt

Vbn

Scn

Trt

6.9±0.4

6

25±3

17±2

95±11

12

24

Stellate

8.2±1.5

7

27±3

18±3

93±7

14

22

Stellate

6.5±0.7

6

24±2

17±4

95±1

12

22

Stellate

18.3±0.5
16.2±0.7
14.7±0.5
19.3±0.9
17.2±0.5
19.9±0.7
18.5±0.5

4
5
4
4
5
4
4

35±3
38±2
34±3
33±2
35±3
39±3
35±4

25±3
24±2
27±3
26±2
27±3
24±2
28±3

153±2
150±3
151±4
149±3
148±2
153±3
151±1

24
23
24
24
22
23
22

32
33
29
31
32
33
35

Scale-like
Scale-like
Scale-like
Scale-like
Scale-like
Scale-like
Scale-like

RO

ST

A

N

IH

A

MBS = Median bundle shape; Sth = Sclerenchyma thickness; Cln = Collenchyma layer number; Xth = Xylem thickness; Pth =
Phloem thickness; Pt = Pith thickness; Vbn = Vascular bundles number; Scn = Secretary canal number; Trt = Trichome type.

Fig. 4. Transverse sections of petiole in Hedera: A-B. H. helix, C-D. H. pastuchovii, E-F. H. pastuchovii,
G-H. H. pastuchovii.
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Fig. 5. Transverse sections of pedicel in Hedera: A-B. H. helix, C-D. H. pastuchovii, E-F. H. pastuchovii,
G-H. H. pastuchovii.
- Trichomes
Trichomes were studied at light microscopy level.
Two types of covering trichomes were identified:
1. Stellate trichomes

H. helix, as well as on the petiole and pedicle of all
examined population (Fig. 6D).
2. Scale-like trichomes
With a multicellular base, this trichome was

Unicellular and adpressed to the leaf surface, this

branchy slightly higher than the stalk. It was observed on

type was seen on the adaxial and abaxial leaf side of

the abaxial and adaxial leaf side as well as on the petiole
and pedicle of H. pastuchovii (Fig. 6A-C).
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ST

Fig. 6. Trichome types in Hedera: A-C. H. pastuchovii, D. H. helix.
Discussion

RO

Hedera has gained little attention in previous

morphological and anatomical studies; hence, this study

characters for determination of H. colchica and H. helix
from Russia and Ukraine which is in disagreement with
our morphometric analyses.

presents the first comprehensive investigation of this
genus

in

Iran.

The

distinguished

In the present study, anatomical results is in line

morphological

with Savulescu & Luchian’s findings that, there are not

characters support the existence of two different species

any structural differences between the fertile and sterile

which are in agreement with earlier molecular studies

leaves , the mesophyll is bifacial and vascular bundles

(two distant lineages, Vargas et al. 1999, Ackerfield &

are collateral with the external xylem and internal

Wen 2003, Valcárcel et al. 2003, Amini et al. 2020) and

phloem.

previous cytogenetic results (two ploidy levels; Vargas et

In these two species, dense druse crystals were

al. 1999). The two species of Hedera which were studied

mainly distributed in the mesophyll (Konarska 2014), but

here are mainly in agreement with McAllister &

detected near the epidermis scarcely. These species grow

Rutherford’s proposal. Furthermore, Valcárcel and

at an altitude between 800 and 1500 m. However, it is

Vargas demonstrated that, the leaf features primarily is

known

diagnostic character, as lobate leaves from the vegetative

environmentally influenced anatomical character and we

phase and entire in the reproductive phase in two species

cannot use it as a strong taxonomic character for

of Hedera studied. Kost et al. (2003) revealed that,

grouping species (Kilic 2009).

length of leaf, petiole and internode are the most vital

that

density

of

druse

crystals

is

an
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Similar to Valcárcel & Vargas (2010), our findings

Iran and Afghanistan with 2n=6x= 144 ploidy level.

provide statistical support for the identification of two

However,

species as well as the two major groups traditionally

hybridization, are common phenomena within the

recognized in Hedera based on trichomes: the stellate

genus.

group

group

discovered in the extant species of Hedera show that,

(H. pastuchovii). The trichome future could be affected

they are likely to be the result of recent speciation

by such factors as drought and UV irradiation (Agrawal

processes (Ackerfield & Wen 2003). The recent

& Fishbein 2006). The investigations of trichomes in this

divergence of the species and the contention of

study have shown that, scale-like and stellate covering

allopolyploidization as the main force in this process

trichomes with different density were observed on the

may have greatly forbidden the foundation of clear

abaxial and adaxial leaf side of all examined species. In

limits and contributed to multiple taxonomic proposals.

the current research, dense trichomes were observed in

Hypothesis that any morphological change has a genetic

H. helix and thricomes with low density were distributed

basis can be concluded that, a complete lack of gene

in H. pastuchovii. The morphological characteristic of

flow is required for two species to be distinguished by

the leaves, such as size, stomata and trichomes, were

one or more discrete fixed characters. Morphological

related to habitat adaptation (Zhang & Marshall 1995).

studies showed that, the varieties growing closer to each

Stomata structure and trichomes in Hedera showed that,

other and in the same ecological conditions become

they were valuable taxonomical and ecological characters

similar. It means that, ecological conditions have strong

and could be used as distinguished characters in other

influence

the

scale-like

a

lesser

molecular

extent

divergence

on

the

features

of

Hedera.

Species

differentiation is an important taxonomic task which

A

studies.

to

A

and

and

low level of

IH

helix)

The

N

(H.

polyploidy,

The unusual distribution of Hedera is the result

ST

of rapid diversification driven by events of independent

can be achieved through a combination of various
characteristics and approaches.
In conclusion, present study was carried out to

the establishment of geographically isolated populations

provide additional evidence for taxonomists that, they

RO

hybridization, and polyploidization was compared with

(Vargas et al. 1999, Ackerfield & Wen 2003). This

could differentiate two species of H. helix and

process lead to a genus with similar species, often

H. pastuchovii by using a combination of morphological

differing in chromosome number and distinguished by

and anatomical data. These taxa differ in important

morphological characters of the leaf and stem hairs

morphological and anatomical characteristics. Generally,

(McAllister & Rutherford 1983, Vargas et al. 1999,

statistical and bioinformatics tests revealed the great

Valcárcel & Vargas 2010). Hybridization is an

difference between two species. The genera such as

important evolutionary mechanism that brings about

Hedera seem to have extended their distribution recently.

two genomes of divergent. It can produce new genetic

So there is a hypothesis that, the high similarities in the

and phenotypic traits that can help the species

two species studied can be due to recent divergence of

ecological

these species.

adaptation

(Freeland

et

al.

2011).

Interspecific hybridization occurs frequently in various
plants groups but it is under influence of different
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