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Abstract
To investigate the morphological and biochemical diversity and determine their relationships, 22 ecotypes of the violet
medicinal plant (Viola spp.), comprising five species, were collected from different regions of Gilan, Mazandaran, and
Chaharmahal and Bakhtiari provinces. Morphological traits, including root length, flowering stem height, number of leaves,
leaf length and width, sepal length and width, and petal length and width, were measured. Biochemical traits, including
chlorophyll a, chlorophyll b, carotenoids, anthocyanin, and mucilage, were also evaluated. Significant differences were
observed among the studied species in terms of root length, number of leaves, and petal length. Based on the mean
comparison of morphological traits, V. sieheana and V. reichenbachiana exhibited greater affinity. Regarding anthocyanin
and carotenoid content, a significant difference was noted among the species. The mean comparison of biochemical traits
revealed a similarity between V. odorata and V. alba. Finally, cluster analysis grouped the studied species into three distinct
clusters: the first cluster included V. odorata and V. alba, the second cluster comprised V. ignobilis, and the third cluster
included V. sieheana and V. reichenbachiana.
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Introduction

The use of morphological, biochemical, and physiological traits remains one of the traditional methods for classifying and
evaluating plant diversity and is still widely applied in various studies. The distribution of a species across different geographical
and altitudinal regions induces diversity in its morphological and physiological characteristics. This diversity, driven by
environmental factors, can result in population differentiation in many species. The medicinal plant violet (Viola spp.) has been
used for centuries to treat inflammation, eczema, skin itching, rheumatism, chronic coughs, acute bronchitis, sore throat, and
other ailments. Its flowers and leaves are rich in essential oils, salicylic acid, saponins, polyphenols, alkaloids, and flavonoids.
One of the most significant active compounds in this genus is a group of mini-peptides known as cyclotides, including
cycloviolacin. This plant is a valuable genetic resource for pharmaceutical, phytomedical, and breeding research. The plant
extract contains a diverse array of secondary metabolites, enabling the production of medicines, combating pathogens and pests,
and resisting biotic and abiotic stresses. To fully utilize the potential of this medicinal plant, it is essential to conduct
comprehensive research on the morphological, biochemical, and molecular traits of various species and ecotypes of violets. The
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observed differences in morphological traits, biochemical contents, secondary metabolites, and molecular diversity among
violet species emphasize the importance of studying these aspects in detail. This research aims to investigate the morphological
and biochemical diversity of some species of the medicinal plant violet. Understanding the genetic diversity of this plant will
significantly enhance efforts to identify the status of its genetic resources and provide valuable information for future studies on
its applications.

Materials & Methods

In this study, to determine the affinities and distances among species, morphological and biochemical traits of violet
species were analyzed across 22 ecotypes representing 5 different species, including Viola odorata L. (7 ecotypes), V.
alba Besser (6 ecotypes), V. ignobilis Rupr. (3 ecotypes), V. sicheana W. Becker (3 ecotypes), and V. reichenbachiana
Jord. ex Boreau (3 ecotypes). Five plant samples from each ecotype were collected from their natural habitats, with precise
locations recorded using the Universal Transverse Mercator (UTM) coordinate system (Table 1). Simultaneously,
herbarium samples were prepared for identification, verification, and herbarium code assignment and were sent to the
herbarium of SFAHAN for registration and storage. At the sampling sites, morphological traits were measured with a
precision of 1 millimeter. These traits included root length, flowering stem height, number of leaves, leaf length and
width, sepal length and width, and petal length and width. Statistical analyses were performed using SAS statistical
software. For the extraction of metabolites and biochemical compounds, complete plant samples from each ecotype were
collected. Fresh petals and leaves were immediately frozen in liquid nitrogen and transferred to a -80°C freezer until
extraction. The measured biochemical traits included photosynthetic pigments, carotenoids, mucilage, and anthocyanin
content. Finally, statistical analyses, including variance analysis, mean trait comparison, and cluster analysis, were
conducted using the data obtained from the measurements of morphological and biochemical traits. The affinities among
violet species were examined based on the results of these analyses.

Research Findings

The study compared the morphological traits of five violet species, revealing that Viola sieheana had the longest average root
length, while V. odorata had the shortest. No significant differences were observed between V. sieheana and V. reichenbachiana
for all examined traits. Analysis of variance showed a significant difference at the 5% level among species for root length.
Positive and significant correlations were identified between root length and leaf length, while negative correlations were
observed with petal width at the 5% level. V. odorata exhibited the longest average stem length, whereas V. ignobilis had the
shortest. No significant differences were detected among the species for stem length. Positive correlations at the 1% level were
noted between stem height and sepal length. The highest number of leaves was recorded in V. sieheana and V. reichenbachiana,
while the lowest was found in V. odorata, with significant differences at the 1% level. Negative correlations at the 1% level
were identified between the number of leaves and petal width. No significant differences were observed for leaf length and
width or sepal length and width. Regarding petal length, V. sieheana had the longest petals, followed by V. odorata, with
significant differences at the 5% level. In terms of biochemical traits, V. sieheana exhibited the highest chlorophyll a content,
whereas V. odorata showed the highest chlorophyll b content. However, no significant differences were observed among the
species for these traits. Positive correlations at the 5% level were found between chlorophyll a, chlorophyll b, and carotenoid
content. V. ignobilis had the highest carotenoid and anthocyanin contents. Cluster analysis grouped the ecotypes into two main
clusters. The first cluster included 14 ecotypes comprising V. odorata, V. alba, and V. ignobilis. The second cluster consisted of
8 ecotypes, including V. reichenbachiana and V. sieheana.

Discussion of Results & Conclusion

Morphological evaluation plays a vital role in managing collections, confirming sample identities, identifying errors in
identification, and determining phenological relationships. Although violet plants grow wild in some forests of Iran,
particularly in the northern regions, limited research has been conducted on their morphological and biochemical
characteristics. The distribution of species across different geographical and altitudinal regions contributes to diversity in
their morphological and biochemical traits. In this study of five violet species, significant differences were observed in
root length, number of leaves, and petal length. Among the studied species, Viola odorata and V. alba exhibited a wide
distribution across various altitudes, whereas the other species were primarily found in mountainous and high-altitude
regions. Morphological trait measurements revealed that the longest leaf lengths were recorded in low-altitude areas,
while the longest root lengths were observed in high-altitude areas. This suggests that in low-altitude regions, where soil
development constraints are minimal and nutrients are readily available, roots penetrate less deeply and grow more
superficially. As a result, the aerial parts, such as the number of leaves, leaf dimensions, and stem length, show improved
growth. In the biochemical and phytochemical trait analysis, significant differences were found in carotenoid and
anthocyanin content among species, while no significant differences were observed for mucilage content. The findings
indicate that biochemical synthesis in violets tends to increase at higher altitudes. By combining morphological and
biochemical data, the study clustered V. odorata and V. alba together, while V. reichenbachiana and V. sieheana formed
another group, with V. ignobilis displaying intermediate traits. These results highlight the importance of integrating
morphological and biochemical evaluations for understanding species diversity. However, further studies focusing on
molecular and genetic diversity assessments are recommended to achieve more precise and comprehensive results.
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Table 2- Analysis of variance of morphological traits in violet species
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Table 3— Mean comparison of morphological traits in violet species
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Table 4— Pearson’s correlation of coefficients among morphological traits in violet ecotypes
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Table 5- Analysis of variance of biochemical traits in violet ecotypes
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Table 6— Mean comparison of biochemical traits in violet species
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Table 7- Pearson’s correlation coefficients among biochemical traits of violet ecotypes
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Figure 1- Cluster analysis of violet species based on flexible method using morphological and biochemical traits

ol: V. odoratal, 02: V. odorata2, 03: V. odorata3, 04: V. odorata4, 05: V. odorata5, 06: V. odorata6,
07: V. odorata7, al: V. albal,

a2:V.alba2,a3: V. alba3, a4: V. alba4, a5: V. alba5, a6: V. alba6, i1: V. ignobilisl, i2: V. ignobilis2,
i13: V. ignobilis3, s1: V. sicheanal,

s2: V. sieheana2, s3: V. sieheana3, rl: V. reichenbachianal, r2: V. reichenbachiana2, r3: V.
reichenbachiana3.
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