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Abstract

Chicory has a wide range of uses in the pharmaceutical and food industries owing to its valuable bioactive
compounds such as phenolic acids, terpenoids, vitamins, and inulin. The presence and content of these
compounds are influenced by genetic and environmental factors, as well as the processing method. The present
research aimed to evaluate the morphological and biochemical characteristics of wild chicory populations from
the Markazi province, Iran. The essential oil was extracted through the distillation technique using Clevenger-
type apparatus. GC and GC/MS were used to identify the compounds of the essential oil, and a
spectrophotometer was used to determine the amount of inulin. The results showed high and significant
diversity between populations for the measured traits. The maximum and minimum variations were observed
for the plant height and branch weight, respectively. Significant correlations were observed between different
traits. The yield and composition of essential oil in the studied populations showed considerable variation. The
main components of the essential oil were chamazulene, 1,8-cineole, carvacrol, cuminic aldehyde, thymol,
cinnamic aldehyde, camphor, borneol, linalool, and carvone. Cluster analysis separated the populations into
two different groups based on morphological traits and chemical components of essential oils. In conclusion,
the existence of considerable diversity in morphological traits and chemical compounds among the chicory
populations can be useful in the breeding programs of this plant.
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Introduction
Chicory (Cichorium intybus L.) is one of the
most important medicinal plants of Asteraceae
family (Khan et al. 2020). This species is
widely distributed in different regions of Iran
2012). The

composition of chicory includes polyphenols,

(Mozaffarian chemical

alkaloids, proteins, polyacetylene, lipids,

anthocyanins, tannins, and types of terpenoids,

especially sesquiterpene lactones, and the plant
is a rich source of minerals such as potassium,
calcium, and phosphorus (Nwafor et al. 2017;
Zlatic and Stankovic 2017; Emam et al. 2019;
Choudhary et al. 2021; Janda et al. 2021).
Furthermore, it has a high potential for use in
the food industry owing to the presence of
useful carbohydrates such as starch, cellulose,

hemicellulose, pectin, and inulin in the roots
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(Puhlmann and de Vos 2020; Perovic et al.
2021). The compounds of the chicory have a
wide range of biological and pharmacological
effects, including antioxidant, anti-
inflammatory, antibacterial, anti-diabetic, anti-
malarial, anti-parasitic, anti-allergic, and pain-
relieving effects, and are used in the treatment
of cardiac-vascular, gastric ulcer, and liver
diseases, as well as digestive disorders. They
also have a high potential in healing wounds
and inhibiting cancer cells (Zlatic and
Stankovic 2017; Pena-Espinoza et al. 2018;
Emam et al. 2019; Khan et al. 2020;
Choudhary et al. 2021; Nasimi et al. 2021;).
Due to the presence of these valuable
compounds, the wide range of uses, and the
economic importance of chicory, breeding and
industrial and targeted production of this
medicinal plant has received great attention in
many parts of the world (Bais and Ravishankar
2001; Barcaccia et al. 2016).

The plants’ diversity is associated with
many ecological processes such as the stability
of  communities,  fertility,  evolution,
transformation, ecological nest architecture,
and competition. Plants show variation in their
morphological and physiological traits in
different ecological conditions (Bartels and
Chen 2013). Genetic diversity is an important
factor for the adaptation and survival of
populations, especially wild types, in different
environments, which is resulted from the

interaction of genetic  structure and

environmental conditions (Baricevic et al.
2015).

Given the importance of sustainable
exploitation and protection of medicinal
species, it is necessary to domesticate and
introduce them into production systems (Wang
et al. 2020). Diversity is the basis of selection,
and the evaluation of genetic diversity is the
first and, of course, the most important and
costly step towards the domestication of a
particular species. Wild species of medicinal
plants are important resources of valuable
medicinal metabolites and contain genes
associated with resistance against pests,
diseases, and adverse  environmental
conditions (Neel and Ellstrand 2003).

A variety of marker systems such as
morphological and biochemical characteristics
have been used to study the genetic diversity
of medicinal plants (Cirak et al. 2007).
Evaluating the morphological characteristics is
the first step for describing and classifying a
plant collection. Using these indicators,
descriptors can be developed for any species
for description and identification or definition
of standards (Julsing et al. 2006).
Morphological indicators often correspond to
qualitative traits that are scored visually. These
markers are found in natural populations or are
created as a result of mutation experiments.
Furthermore, due to the advantages such as
having a wide range of genes controlling

phenotypic  traits, low cost, simple
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measurement,  visibility, and permanent
presence in different stages of ontogeny, they
are widely used in diversity and breeding
studies and are an integral part of breeding
programs (Chesnokov et al. 2020).

In addition to morphological

characteristics, examining chemical
compounds allows the possibility of
identification of new types of medicinal
compounds (Carlen 2016). Plants produce
secondary metabolites to adapt to different
ecological ~ conditions.  Therefore, the
populations of medicinal species grown in
different ecological conditions show different
quantities and quality of effective substances,
and this diversity leads to differences in the
scope of their medicinal and biological
activities (Heywood 2002; Razavi and
Enferadi 2022).

Given the importance and widespread use
of chicory, the present research was carried out
to investigate the habitat potential and
diversity among chicory populations using
different

morphological and  chemical

characteristics in the Markazi province of Iran

Materials and Methods

Collection and morphological evaluations

In the current research, after studying sources
related to flora, receiving local information,
matching herbarium samples, and existing
reports on identifying distribution areas and

habitats, nine habitats from Markazi province

of Iran, including Zalian pass, Gheinar village
(Shazand county), Toreh, Astaneh, Darband
(Shazand-Astaneh
Golpaygan, FarajAbad village, Varcheh, and

connecting road),

Heshmatieh (Khomein county) were selected
for the study (Table 1).

Ten samples were collected in the second
half of September during full bloom. After
recording and transferring the samples, they
were dried in the shade and away from direct
light. Finally, morphological characteristics
including qualitative traits (flower color, stem
color, canopy density, and root type) and
quantitative traits (plant height, number of
branches, number of flowers, main stem
weight, lateral branch weight, root weight, and
plant weight) were measured. A digital caliper
and a precise laboratory scale were used for the
quantitative evaluation, and a coding method
was used for the evaluation of the qualitative
traits (Table 2).

Biochemical evaluation

Extraction and identification of inulin: To
extract inulin, roots were completely cleaned
and freed from the soil particles after
harvesting. To remove the contamination, the
roots were washed with cold water and, after
being dried, were kept at 4 °C until the
extraction. To extract inulin, the roots were
placed in 96% ethanol solution at 40 °C for 12
h. After this period, inulin was precipitated in

alcohol in the form of spherical or star-shaped
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crystals. The UV-VIS spectrophotometry
method was used to determine the amount of
inulin in this solution. The absorbance of
standard inulin solutions was first measured in
the visible wavelength, then the absorbance of
the samples was measured according to the
corresponding standard curve, and finally, the
percentage of inulin in the sample was
calculated (Steegmans et al. 2004; Roberfroid
2005; Saengkanuk et al. 2011).

Extraction and identification of the essential
oil compounds: To determine the amount of
essential oil and its compounds, the samples
were dried in the shade at ambient temperature.
Then, the essential oil of the samples was
isolated by distillation method using
Clevenger-type apparatus for 3 h. After
separating from water and dehumidifying with

dry sodium sulfate, the essential oil was

Table 1. Geographical characteristics of the studied sites.

weighed and, after calculating the content of
the essential oil in weight/weight (v/w), it was
stored in the dark glass containers in the
refrigerator for further

analyses (Rustaiyan et al. 2011b; Haghi et al.
2012).

Gas chromatography (GC) and gas
chromatography-mass spectrometry (GC/MS)
were used to identify the compounds of the
essential oil. The GC/MS analysis was carried
out on an Agilent 3400 apparatus gas
chromatograph fitted with an Agilent mass
selective detector in the El mode at the 70 eV
electron energy. The column was a semi-polar
DB-5 (30 m x 0.25 mm i.d.; 0.25 pm film
thicknesses). The helium was the carrier gas at
a flow rate of 0.7 mL/min. The temperature
range was programmed at a rate of 4 °C/min to
a final temperature of 250 °C. The

temperatures of the injector and the

NO. Location Code Altitude Latitude Longitude
1 Zalian S1 2262 33" 58' 18.145" 49° 4' 58.759"
2 Gheinar S 1890 33" 56' 3.671" 49' 28' 33.159"
3 Toreh S3 1870 34" 2' 46.683" 49' 17' 46.926"
4 Astaneh Sy 1999 33" 53' 18.756" 49' 21' 13.448"
5 Darband Ss 1973 33" 54" 3.929" 49° 22' 43.633"
6 Golpayegan Se 2068 33" 34' 56.914" 50" 14' 28.233"
7 Faraj Abad S7 2209 33" 27" 44.580" 49° 52' 34.604'
8 Varcheh Sg 2025 33" 46' 0.123" 49° 56' 49.868"
9 Heshmatieh Sy 1858 33" 35" 57.261" 50" 1' 17.807"
Table 2. Codes of the qualitative traits in the studied chicory populations.
Qualitative traits Code
1 3 5 I 9 11
Flower color (FCo) Purple Purple willing to violet Light violet Violet  Bluish purple  Dark violet
Stem color (SCo) Whitish green Yellowish green Pale green Green Cedar green Dark green

Canopy density (CanD) Low Medium
Thick and woody

Root type (RtTy) Woody

Very high -

Relatively high High
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temperatures of the injector and the GC/MS
interface were held at 260 °C and 270 °C,
respectively. The compounds were identified
using the retention indices and recorded mass
spectra (McLafferty and Stauffer 1998; Adams
2007).

Data analysis

The data were analyzed based on the one-way
analysis of variance. Means were compared
using the LSD test. The Pearson correlation
coefficients among the quantitative traits were
also determined. Cluster analysis was
performed by the UPGMA method using the
square of the Euclidian distance. To analyze
the data, the SPSS statistical software was
used.

Results and Discussion

Diversity in the studied populations The
results of the analyses of variance for
quantitative morphological traits showed that
there were significant differences among the
populations for all traits (Tables 3 and 4),
indicating different responses to the ecological
conditions due to genetic diversity. The
presence of large variations among the
populations allows the selection of proper
populations for the desired traits. Phenotypic
differences are the result of genotypic and
environmental effects, and their interaction. If

the phenotypic observations are made based on

a sufficient sample size, they can be an
indicator of genetic diversity (Panguluri and
Kumar 2016; Carpentier et al. 2019). In this
context, part of the diversity in the
morphological traits measured in this study can
be due to the differences in climatic and habitat
conditions such as average rainfall and
humidity, annual temperature, length of the dry
season, and soil fertility, and another part is the
result of genetic diversity among populations
(Araus and Cairns 2014). Although
morphological differences are not only related
to genetic differences, they depend largely on
the genetic content and even the ploidy level of
different populations (Fasoula et al. 2020).

The characteristics of the studied traits are
presented in Table 5. As the results showed,
the branch weight, flower number, plant
weight, and root weight displayed high
coefficients of variation. Considering that the
branch weight and root weight are important
traits affecting the magnitude of metabolites in
this medicinal plant, these indicators can be
effectively used for breeding purposes. Traits
that have the least diversity compared to other
traits are less affected by the environment
(Bernardo 2002).

Regarding the content and yield of the
essential oil, populations of Astaneh and
Gheinar showed the lowest and highest values,
respectively. Maximum and minimum

amounts of inulin were obtained from the
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Table 3. Analysis of variance of morphological and biochemical traits in the studied chicory populations.

sV df Plant No. of No. of Stem Branches’
height branches flowers weight weight
Treatments 8 13549.2™ 877.022" 1685.68™ 253.00™ 6722.00™
Error 81 32241.3 4113.70 6076.10 829.10 16204.02
CV (%) 22.37491 59.66338 85.00 57.47 135.34
*, *%*: Significant at p< 0.05 and p< 0.01, respectively.
Table 4. Comparison of chicory populations for morphological and biochemical traits.
Locations Plant height No. of branches  No. of flowers Stem weight Branches Root weight Total_ plant
weight weight
Faraj Abad 105.7a 11.9abc 8.2bcd 6.9a 12.3bc 5.9a 21.5bc
Heshmatieh 82.5bc 12.8ab 15.9ab 5.2ab 6.5¢c 6.5a 18.3c
Darband 79.4bc 10.6bc 5.8cd 3.2bc 4.5¢c 4.1abc 9c
Varcheh 67.2c 11.8abc 5.9cd 2.2c 4.1c 1.35d 8.55¢
Gheinar 80.8bc 17.9a 13.1abc 6.4a 23ab 3.35bcd 35.85b
Toreh 91.3ab 13.9ab 10.3abcd 6.4a 4.3c 2.6cd 11.85¢
Astaneh 107.5a 9.1bc 11.8abc 5.5ab 8.7c 3.05cd 17.85¢
Golpayegan 94.7ab 13.5ab 16.8a 7.3a 28.2a 5.6ab 56.3a
Zalian 93.4ab 6.0c 3.9d 7a 2.45¢ 1.95cd 10.1c
In each column, means followed by the same letters are not significantly different (p< 0.05).
Table 4 continued
Location Flower color  Stem color Cano_py Root type Inulin Essential oil Esser_mal oil
density content content yield
Faraj Abad 11 5 5 3 3.16i 0.14e 0.0308b
Heshmatieh 5 3 3 1 57.05a 0.06g 0.0119b
Darband 7 5 3 1 38.269 0.216¢ 0.0191b
Varcheh 5 11 3 1 39.08f 0.26b 0.0218b
Gheinar 3 9 9 1 46.60d 0.281a 0.101a
Toreh 7 1 3 1 35.27h 0.076f 0.009b
Astaneh 7 7 3 1 48.43b 0.0415i 0.007b
Golpayegan 9 5 7 1 44.81e 0.0522h 0.0297b
Zalian 1 3 1 1 48.03c 0.148d 0.0148b

In each column, means followed by the same letters are not significantly different (p< 0.05).

populations of Heshmatieh (57.05 mg/g DW)
and Faraj Abad (3.16 mg/g DW), respectively
(Table 4). The amount and type of effective
substances in medicinal plants, in addition to
the nature and potential of the species or
variety, depend on the ecological conditions
such as climatic, topographical, and edaphic
conditions. Climatic factors can affect plant
genotypes to some extent, and thus result in
morphological changes and changes in
effective substances (Formisano et al. 2011).
Different studies also show the fact that habitat

conditions affect the quantity and quality of

secondary compounds (Ghani et al. 2022;
Saeidi et al. 2018; Rahimmalek et al. 2017;
Figueiredo et al. 2008).

The results also demonstrated that there
were differences among the investigated
populations regarding qualitative traits of stem
color, leaf color, and flower color (Table 6).
The highest frequency was observed in the
chicory with purple flower color, pale green
stem, medium canopy density, and woody
roots (Table 6). In contrast to qualitative traits
such as the color and shape of organs that are

less affected by the environment and are thus
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Table 5. Descriptive statistics of the quantitative traits in studied chicory populations.

No. Trait Abbreviation Unit Min Max Mean SD Cv
1 Plant height PH cm 52 150 9216  24.39 26.47
2 Number of branches NoBr - 2 47 1.06 8.21 68.05
3 Number of flowers NoF - 0 49 10.2 10.90 106.91
4 Stem weight SW g 1 17 5.26 3.38 64.35
5 Weight of branches Brw g 1 100 1132 18.72 165.94
6 Root weight RW g 0.5 19 3.46 3.34 96.58
7 Plant weight TpW g 25 113 20.05 21.89 109.14
8 Inulin content IC mg/gDW 333 57.61 39.96 15.26 38.18
9 Essential oil content EoC %VIW 0.04 0.29 0.14 0.09 63.87
10  Essential oil yield EoY mi/plant  0.01 0.24 0.03 0.32 126.38
SD: Standard deviation; CV: coefficient of variation
Table 6. Frequency of qualitative traits in the studied chicory populations.
Qualitative Code
traits 1 3 5 7 9 11
Flower color Absolute 7 7 13 21 5 7
Relative 11.66 11.66 21.66 35 8.33 11.66
Stem color Absolute 7 13 19 7 7 7
Relative 11.66 21.66 31.66 11.66 11.66 11.66
Canopy Absolute 7 34 7 5 7
density Relative 11.66 56.66 11.66 8.33 11.66
Root type Absolute 53 7
Relative 88.33 11.66

suitable criteria for evaluating diversity
(Causse et al. 2007), quantitative traits are
for domestication and

more important

breeding.

Variation of the essential oil compounds

According to the results of GC/MS analysis, 28
compounds were identified in the essential oil
of the examined populations (Table 7). This
number was higher than the number reported
in other studies. The number of identified
compounds in the chicory essential oil in other
studies has been reported to be 14 (Rustaiyan
et al. 2011a) and 20 (Haghi et al. 2012).
Moreover, the results showed a large diversity

among the studied populations in terms of the

magnitude of chemical compounds in the
essential oil. The main compounds of the
essential oil in the studied populations were
chamazulene (28.8%), 1,8-cineole (22.7%),
carvacrol (18.6%), cuminic aldehyde (18.6%),
thymol (18.4%), cinnamic aldehyde (18.3%),
camphor (15.6%), borneol (12.3%), linalool
(12.1%), and carvone (11.7%). The lowest
amounts were observed for a-pinene and
sesqui-lavendolol (0.1%). The most important
compounds of chicory essential oil in the
previous studies have been reported to be
carvacrol, thymol, cinnamic aldehyde,
camphor, carvone, linalool, and a-terpineol in
(2021),

aldehyde,

Janda et al. carvacrol, thymol,

cinnamic camphor, carvone,
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Table 7. Chemical compounds of the essential oil in the studied chicory populations.

No.  Compound (%) RI - . o

5 ¢ g 5§ 2 g z g

> 3 g g £ 3 s 2 =

-

1 a-pinene 936 0.2 04 08 7.3 0.5 3.1 0.1 1.3 0.7
2 Sabinene 976 1.4 0.6 11 5.6 2.2 1.6 26 04 0.3
3 Myrcene 992 0.6 1.2 04 02 0.7 15 06 1.2 0.8
4 Limonene 1032 1.8 2.7 0.6 0.4 15 08 35 2.3 0.7
5 1,8-cineole 1034 227 134 23 21 196 7.6 14 163 125
6 Trans-linalool oxide 1074 0.9 0.3 34 1.4 31 2.1 0.8 0.3 0.4
7 Linalool 1107 71 121 08 0.3 2.8 04 45 1.6 2.1
8 6-Methyl-3,5-heptadiene-2-one 1116 0.6 0.4 15 0.5 1.4 3.1 0.3 1.2 0.6
9 Camphor 1155 5.2 1.6 1.7 0.6 03 156 124 86 1.4
10  Borneol 1168 3.1 04 06 0.2 05 123 7.2 0.8 0.5
11  Terpinen-4-ol 1177 11 2.8 34 07 1.3 14 31 0.3 1.4
12 1-methyl adamantane 1179 0.8 0.3 1.2 0.4 2.1 0.8 0.4 11 0.5
13 Naphthalene 1182 0.4 1.7 3.1 14 03 3.1 11 2.4 2.1
14 o-terpineol 1195 3.7 0.6 6.8 0.5 0.9 25 55 36 24
15  Cuminic aldehyde 1246 0.4 0.2 25 34 186 07 0.5 0.3 0.4
16  Carvone 1248 7.3 31 2.7 08 117 03 03 0.2 0.6
17 Cinnamic aldehyde 1267 6.2 5.2 1.4 0.3 0.2 15 183 116 142
18  Thymol 1300 8.4 23 146 184 06 4.7 79 143 7.8
19  Carvacrol 1309 41 156 37 32 41 0.3 3.1 55 18.6
20  Eugenol 1367 0.3 0.2 1.1 0.8 0.3 24 02 0.3 0.6
21 Neryl acetate 1374 0.9 0.4 0.2 0.5 0.3 13 0.2 11 2.1
22 (E)-caryophyllene 1420 1.3 0.3 0.5 0.3 0.7 0.9 0.2 0.4 0.7
23 B-Bisabolene 1516 0.5 6.4 03 1.6 15 36 02 1.6 0.4
24 Spathulenol 1583 0.9 0.5 14 1.8 2.7 0.5 13 15 1.1
25  (E)-sesquilavandulol 1594 0.2 0.3 0.6 0.4 0.1 1.4 0.7 0.3 0.3
26  a-bisabolol 1665 14 43 .03 2.1 0.5 0.2 05 04 0.6
27  Chamazulene 1707 0.5 06 249 288 83 3.4 1.3 2.4 8.2
28 (E)-hexyl cinnamaldehyde 1728 0.6 0.2 3.6 2.3 0.4 2.3 0.4 0.3 14

RI: The Kovats retention indices relative to C8-C20 n-alkanes were determined on the DB-5 ms capillary column.

linalool, and a-terpineol in Haghi et al. (2012),
and hexadecanoic acid, nonadecane, and trans-
a-bergamotene in Rustaiyan et al. (2011a),
which are relatively consistent with the results
of the present study.

Studies have shown that the maximum
amounts of essential oil in medicinal species
are obtained at the full bloom stage (Goudarzi
2013),
considered as an indicator of the harvest phase

et al. therefore, this stage was
for the extraction and evaluation of essential

oil compounds in the present study.

Synthesis and accumulation of secondary
metabolites in medicinal plants are influenced
by the interaction of genes and environmental
conditions. Essential oils are influenced by
these factors in terms of the amount and type
of constituent compounds (Rustaiyan et al.
2011Db). Indeed, any changes in the path of
biosynthesis, including reduction to affect the
sequential conversion, number of the genes
involved in the path, are under environmental
conditions and the induction of environmental

stresses, which ultimately lead to differences
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in the genetic constitution (Figueiredo et al.
2008).

The dominant compounds in the studied
populations were as follows: 1,8-cineole in
Faraj Abad; carvacrol, 1,8-cineole, and
linalool in Heshmatieh; chamazulene and
thymol in Darband and Varcheh; 1,8-cineole,
cuminic aldehyde, and carvone in Gheinar;
camphor and borneol in Toreh; cinnamic
aldehyde and camphor in Astaneh; 1,8-cineole,
thymol, and cinnamic aldehyde in
Golpayegan; carvacrol, cinnamic aldehyde,
and 1,8-cineole in Zalian. In general, the three
compounds of 1,8-cineole, thymol, and
cinnamic aldehyde had dominant distribution
among the populations.

In the Faraj Abad population, there was a
greater tendency toward the production of a
high amount of 1,8-cineole compound, while
in Gheinar, Golpayegan, and Heshmatieh
populations, besides 1,8-cineole, the tendency
was toward the production of other major
compounds such as thymol, carvacrol, linalool,
and cinnamic aldehyde. The tendency to
produce a specific chemical compound was
more pronounced in the Faraj Abad
population. Since the effects of biologically
active substances are the result of their
compounds (Polatoglu et al. 2012), this
population is more distinctive than other
populations and therefore, can be used to
achieve the breeding goals. The superior

genotypes in terms of compounds such as

thymol and carvacrol can be used in the
pharmaceutical industry as an antibacterial, for
the treatment of bronchitis and the production
of anti-flatulent, antifungal, and oral drugs,
and as a natural preservative for food products
in the food industry (Costa et al. 2018).

Toreh population was also distinguished by the
predominance of camphor and borneol
monoterpenes. Camphor is a bicyclic
oxygenated monoterpene ketone that is
pharmacologically stimulant. It has strong
biological effects and is used as an analeptic
(revival and invigorating),  respiratory
stimulant, and local pain reliever in the
treatment of muscle and joint pains such as
fibrositis and neuralgia. Also, it has strong
antiseptic properties and is considered a strong
anti-pathogen in the treatment of fungal and
bacterial infections (Zuccarini 2009). Borneol
is also a valuable compound with
antimicrobial, anti-inflammatory, and
antifungal biological effects and is widely used
in the treatment of lung disorders, digestive

pains, and cleaning products (Li et al. 2021).

Cluster analysis

Cluster analysis categorized the populations
based on the similarity of their traits (Figure 1).
This analysis classified chicory populations
into two main groups, the first group included
two separate subgroups. In the first group,
subgroup 1 included the populations of Faraj
Abad, Astaneh, Heshmatieh, Toreh, Darband,
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and Zalian, and subgroup 2 included Varcheh.
The second group encompassed the
populations of Ghainar and Golpayegan.

One of the methods used in plant breeding
is selection along with progeny testing. The
success of the selection depends on the
diversity occurring by genetic recombination
and heterosis. Increasing the genetic distance
increases the probability of heterosis in
crossing programs. In crossing between
genotypes with greater genetic distance, more
heterosis occurs through genetic
recombination. Indeed, when several traits are
studied simultaneously, grouping genotypes
based on genetic distance is effective in the
breeding programs (Panguluri and Kumar
2015; Darkwa et al. 2020; Fasoula et al. 2020).
If groups with the maximum distance (for
example, Faraj Abad and Astaneh) have
superior traits, they can be crossed in
hybridization programs.

Based on the magnitude of chemical
compounds of the essential oil, cluster analysis
classified the populations into two separate
groups; the first group included the
populations of Gheinar, Toreh, Astaneh,
Golpayegan, Faraj Abad, Zalian, and
Heshmatieh, and the second group included
Darband and Varcheh populations. It should be
noted that the first group included two main
subgroups, where the Gheinar population was
included in one subgroup and the rest were

placed in the other subgroup (Figure 2).

The presence of Darband and Varcheh
populations in a separate group is due to the
predominance of chamazulene and thymol
compounds. In terms of the magtitude of
essential oil compounds and especially the
main compounds, the maximum distance was
observed Dbetween Gheinar and Varcheh
populations. This advantage can be used in
hybridization programs together with paying
attention to other vyield-related traits. The
results of the biochemical analyzes of the
present study are consistent with the results of
many such studies, showing that sometimes
environmental ~ factors, even at the
microclimate level, have great effects on the
occurrence of genetic differentiation, synthesis
of metabolites, and separation of a species.
These effects lead to the maximum difference
and differentiation not only in the magnitude
of metabolites but also in the type of specific
compounds (Bergonzi et al. 2001; Torras et al.
2007; Satyal et al. 2016; Karimi et al. 2020).

Conclusion

The present study showed considerable
diversity in quantitative and qualitative
morphological traits and  biochemical
compounds which can provide a suitable basis
for the breeding of this valuable medicinal
plant. In addition to identifying the compounds
of each population and determining their
affinity and divergence, the chemical potential

of the studied germplasm can be monitored
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Figure 1. Cluster analysis of the studied chicory populations based on the quantitative morphological traits using the
UPGMA method.
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Figure 2. Cluster analysis of the studied chicory populations based on the chemical compositions of the essential oil using
the UPGMA method.

and used based on the needs of different to obtain desirable types of chicory by
industries. The current research was the first evaluating morphological and biochemical

study in Iran as the basis of a breeding program characteristics.
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