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Abstract: Cinnamomum zeylanicum Blume., native to Sri Lanka and the West coast region of India, belongs to the family
Lauraceae.True cinnamon leaves are valuable NTFP and also used for the commercial extraction of essential oil. The
protogynous dichogamy of the cinnamon flower is a natural adaptation for cross-pollination. An enormous diversity of
Cinnamon has been produced by this special type of pollination behaviour. Thus, the current study aimed to determine the
extent of morphological variation within and among the sources. The study was conducted during the period of 2020-22 at
the various sites in the Uttara Kannada district, Karnataka. Sixty phenotypically superior cinnamon trees were selected
among the six different natural sources, for the evaluation of five leaf morphometric parameters. In this study, the dark green
coloured leaves were predominately expressed in all six sources and all tree had only green coloured petiole. Five types of
leaf shape viz., elliptic, oblong, ovate, ovate-elliptic and ovate lanceolate and four types of leaf apex (acuminate, acute, sub-
acute and obtuse) were noticed among the six sources. Elliptic leaf shape and acuminate leaf tip was predominantly
expressed. Leaf morphometric traits could be easily used to measure the magnitude of the diversity.
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Introduction

Cinnamomum zeylanicum Blume. popularly known as true
cinnamon is native to Sri Lanka and the West coast region of
India (Sasikumar et al., 1999).It is an evergreen tree belongs to
the family Lauraceae in the genus Cinnamomum, which
comprises about 340 species of trees and shrubs, out of which
20 occur in India (Liyanage et al., 2020; Rana et al., 2008).
Cinnamon leaf is widely used as spice as well as for the
extraction of essential oil (Hanumantha, 2020). Because of a
vast amount of scientific evidence on its potential therapeutic
and medicinal values it has gained more attention during recent
years (Zare et al., 2019; Sadeghi et al., 2019). These properties
are attributed by unique secondary metabolic profiles present
in the leaf of Cinnamon, including eugenol, cinnamic aldehyde,
benzaldehyde, pinene, phellandrene, methyl eugenol, geraniol,
caryophyllene, etc. (Zachariah and Leela, 2018).

Cinnamon leaf morphometric traits are important markers
that can be adopted for measuring the magnitude of the genetic
diversity (Lizawati et al.,2018). By understanding and
evaluating morphometric parameters of leaf could help in the
taxonomical classification and differentiation of closely related
species and verities of Cinnamon (Bandusekara  et al., 2020)
and also helpful in indirect selection of high yielding plant
(Wijesinghe and Gunarathna, 2001). The big leaves and large
round leaves had high bark yield. Further more, bark oil quality
(higher per cent of Cinnamaldehyde) is higher in the tree of
inwardly curved leaves and high-quality leaf oil is obtained
from the small round leaves.

Cross-pollination behaviour of Cinnamon, due to the
protogynous dichogamy (Joseph, 1981) has created a vast
genetic diversity in offspring (Liyanage et al., 2020) and the
genetic diversity is reflected in the chemical properties, yield
and yield-related morphological features (Liyanage et al., 2020;

Oliveira et al., 2012). Hence, it is necessary to understand the
extent of morphological variation within the species and among
the sources before formulating any selection programme to
identify superior trees and to apply them for increasing the
yield.

 Cinnamon shows great variations in Karnataka in terms of
leaf morphometric traits (Hanumantha, 2020). However, there
are no documented data regarding the leaf morphometric traits
of Cinnamon in the natural forest of Karnataka. Hence the
current study was undertaken to determine the variation of leaf
morphometric traits of Cinnamon among the six different sources
of Uttara Kannada district of Karnataka.

Material and methods

The study was carried out during the period of 2020-22 at
the College of Forestry, Sirsi and at various natural sources in
Uttara Kannada district. Uttara Kannada district is located in
the Central Western Ghats between 13°55' to 15° 32' N latitude
and 74° 05' to 75° 05' E longitude with a geographical area of
10,291 km2. The study site consists of six natural sources of
cinnamon in the six taluka of Uttara Kannada district. Within
these talukas, the study sites were selected at Sirsi (Sirsi), Joida
(Joida), Yellapur (Yellapur), Gerusoppa (Honnavar), Hosakambi
(Ankola) and Bhatkal (Bhatkal). The details of the study site
are given in the Table 1.

 The six sources were selected based on the distribution
and population status of Cinnamomum zeylanicum by
enquiring with the officers and subordinate staff of Karnataka
State Forest Departmentand local people. By considering the
topography of the Uttara Kannada, three sources, namely Sirsi,
Joida and Yellapur were selected in the higher altitude (>500 m
msl) and three sources namely Gerusoppa, Hosakambi and
Bhatkal from lower altitude (<50 m msl).
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From each source hundred trees were evaluated based on
the eye ball screening and top ten superior trees were selected
among them by considering growth characteristics. During
evaluation and selection of trees, equal sized trees were selected
based on girth class (50-150 cm). A minimum distance of 500 m
was maintained between trees during selection process. Totally
sixty trees were selected from the six sources. The trees were
marked and data was recorded (Table 2). The selected trees

Table 1. Geographical features and other details of the study sites
Source Taluk Latitude Longitude Altitude(m) No.of trees No. of trees

considered selected
for assessment

Sirsi Sirsi 14°36' 40.53'’ 74° 49' 43.62'’ 583 100 10
Joida Joida 15° 10' 13.40'’ 74° 29' 05.02'’ 532 100 10
Yellapur Yellapur 14° 57' 51.51'’ 74° 42' 43.46'’ 541 100 10
Gerusoppa Honnavar 14° 13' 41.95'’ 74° 40' 08.0'’ 48 100 10
Hosakambi Ankola 14° 38' 29.07'’ 74° 18' 24.02'’ 17 100 10
Bhatkal Bhatkal 13° 58' 54.98'’ 74° 33' 17.93'’  35 100 10

Table 2. Descriptors used for evaluating the variation in leaf traits
              among trees and sources
Leaf traits Procedure/descriptors used References
Leaf shape Elliptic, Ovate, Ovate-elliptic Hanumatha et al.

 Ovate-lanceolate, Oblong (2020); Azad et al.
(2016); Joy et al.
(1998)

Leaf tip Obtuse, Sub-acute, Acuminate,
shape Acute
Leaf colour Light green, Green, Dark Green
Leaf margin Entire and Wavy
Petiole colour Green, Light purple, Purple Hanumatha et al.

(2020)

were given source specific code and their geo-coordinates were
recorded.

Sirsi S1 to S10
Joida J1 to J10
Yellapur Y1 to Y10
Gerusoppa G1 to G10
Hosakambi H1 to H10
Bhatkal B1 to B10

Results and discussion

Wide variation in leaf parameters was observed among the
six sources through leaf colour, leaf shape, leaf tip shape and
leaf margin (Table 3-8). No variation was observed in petiole
colour among the different sources. Leaf colour varied from
green colour to dark green colour. The dark green coloured
leaves were predominately expressed in all sources. Leaf margin
varied from entire to wavy however, only five tree (S2, S6, G5,
H6 and H10) recorded wavy leaf margin and remaining tree
exhibited entire margin. Leaf shape and leaf tip shape (leaf apex)
showed high variation among the sources and within the

Table 3. Variation in leaf parameters of selected trees of C. zeylanicum in Sirsi source
Tree No. Leaf parameters

Leaf colour Petiole colour Leaf shape Tip shape Leaf Margin
S1 Green Green Elliptic Acuminate Entire
S2 Dark Green Green Ovate Acuminate Wavy
S3 Dark Green Green Ovate-lanceolate Acute Entire
S4 Dark Green Green Elliptic Acute Entire
S5 Green Green Elliptic Acuminate Wavy
S6 Green Green Ovate-elliptic Acuminate Entire
S7 Dark Green Green Ovate Sub-acute Entire
S8 Dark Green Green Oblong Sub-acute Entire
S9 Dark Green Green Elliptic Acute Entire
S10 Dark Green Green Oblong Acute Entire

Table 4. Variation in leaf parameters of selected trees of C. zeylanicum in Joida source
Tree No. Leaf Parameters

Leaf colour Petiole colour Leaf shape Tip shape Leaf Margin
J1 Dark Green Green Ovate Acuminate Entire
J2 Dark Green Green Oblong Acuminate Entire
J3 Dark Green Green Elliptic Acute Entire
J4 Dark Green Green Ovate Acute Entire
J5 Dark Green Green Ovate-elliptic Acute Entire
J6 Dark Green Green Ovate Acuminate Entire
J7 Dark Green Green Ovate-elliptic Acute Entire
J8 Dark Green Green Oblong Obtuse Entire
J9 Dark Green Green Ovate-elliptic Acuminate Entire
J10 Green Green Ovate-elliptic Acute Entire
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sources. With respect to leaf shape, five types viz., elliptic,
oblong, ovate, ovate-elliptic and ovate-lanceolate were
recorded. Four types of leaf tip shapes viz., acuminate, acute,
sub-acute and obtuse were recorded (Plate 1).

In the Joida source, there was no variation in leaf petiole
colour and leaf margin. Only tree number J10 had a green leaf;
the others all had dark green leaves.  The majority of the selected
trees showed ovate elliptic (4) leaf shape followed by ovate
shape (3). Elliptic leaf shape was least expressed (1). A similar
trend was noticed in the leaf tip shape where, acute leaf tip (5)
was predominantly expressed (Table 4).

Among ten trees of Yellapur source, eight had dark green
coloured leaf and only two had green coloured leaf. Leaf shape
and leaf tip shape showed wide variation among the trees
studied, where most trees exhibit elliptic leaf shape. The majority
of trees showed acuminate (4) tip shape followed by acute (3),
sub-acute (2) and least was an obtuse (1) tip shape. All trees
possess the entire leaf margin without any variation (Table 5).

The leaf colour, leaf shape and leaf tip shape of selected
trees in Gerusoppa varied greatly (Table 6). Tree numbers G5
and G9 were recorded green colour leaf whereas, ovate leaf
shape was only noted in G4. The majority of trees showed
elliptic leaf shape (5). With respect to leaf tip shape, the majority
of trees (6) had recorded acuminate leaf tips, three trees showed
acute leaf tips and one tree showed sub-acute leaf tips. Although
the majority of trees had entire margin, one tree had wavy leaf
margin.

In Hosakambi source also leaf shape and tip shape exhibit
considerable variation (Table 7) among the selected trees, even
though leaf colour and petiole colour did not have any variation.
Four trees showed ovate elliptic leaf shapes and three trees
showed elliptic leaf shape. Similar trend was also noted in the
leaf tip shapes where six trees showed acuminate leaf tip shape
and four trees showed acute leaf tip. With respect to leaf margin
two trees showed wavy leaf margins and the remaining two
showed the entire leaf margin.

Wide variation was observed in the leaf shape and leaf tip
shape among the selected trees of Bhatkal source (Table 8).
Elliptic leaf shape was recorded in five trees, ovate elliptic in
three trees and ovate shape in two trees. With respect to tip
shape six trees showed acuminate leaf tip, two trees showed
acute leaf tips, one tree showed obtuse and one tree showed
sub-acute tip shape. However, every selected tree showed dark
green colour leaf, green colour petiole and entire leaf margin.

In the study no variation was observed in petiole colour; all
were showed green coloured petiole. Leaf colour varied from

a) Variation in leaf shape

b)Variation in leaf tip shape

c) Variation in leaf colour d) Variation in leaf margin

Table 5. Variation in leaf parameters of selected trees of C. zeylanicum in Yellapur source
Tree No. Leaf Parameters

Leaf colour Petiole colour Leaf shape Tip shape Leaf Margin
Y1 Dark Green Green Ovate-lanceolate Acuminate Entire
Y2 Dark Green Green Elliptic Acuminate Entire
Y3 Green Green Oblong Acute Entire
Y4 Dark Green Green Ovate-elliptic Acute Entire
Y5 Dark Green Green Ovate Sub-acute Entire
Y6 Dark Green Green Elliptic Acuminate Entire
Y7 Green Green Ovate-elliptic Acuminate Entire
Y8 Dark Green Green Elliptic Acute Entire
Y9 Dark Green Green Elliptic Sub-acute Entire
Y10 Dark Green Green Elliptic Obtuse Entire

Plate 1. Variation in leaf morphology among the selected trees of
Cinnamomum zeylanicum

 The variation in leaf parameters of selected trees of
C. zeylanicum at Sirsi source are depicted in Table 3. The dark
green colour was predominately expressed by the trees, only
three trees (S1, S5 and S8) showed green coloured leaf. All the
five types of leaf shapes were observed in the Sirsi source.
Acuminate (4) and acute (4) leaf tips were equally expressed by
selected trees. The wavy type of leaf margin was noticed only
in S2 and S5 whereas, all other showed the entire leaf margin.
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green colour to dark green colour, but all sources did not show
this variation. In Hosakambi and Bhatkal sources only dark
green leaves was recorded. Not much variation was observed
for leaf margin. Leaf shape and leaf tip shape showed high
variation among the sources and within the sources. Majorly
five types of leaf shape viz., elliptic, oblong, ovate, ovate-elliptic
and ovate lanceolate (Fig. 1) and with respect to leaf tip shape,
four types (acuminate, acute, sub-acute and obtuse) were
observed (Fig. 2). Elliptic shape was predominantly expressed
in all sources except Joida; where, ovate shape was enormous.
In case of leaf tip shape, acuminate leaf apex was principally
recorded in all sources; whereas, in Joida source acute leaf tip
was dominated. These leaf morphometric traits were less
influenced by the environment, because these were controlled
by the oligo gene. So, variation in the genetic make of the
plants is the reason for the variations (Syukur et al., 2012).

Ravindran et al. (2004) reported that, the form of cinnamon
leaves varied from oval or elliptic to lanceolate-oval or narrowly

Fig. 1. Variation in the leaf shape among the different sources
            of C. zeylanicum

Table 8. Variation in leaf parameters of selected trees of C. zeylanicum in Bhatkal source
Tree No.                                      Leaf Parameters

Leaf colour Petiole colour Leaf shape Tip shape Leaf Margin
B1 Dark Green Green Elliptic Obtuse Entire
B2 Dark Green Green Ovate-elliptic Acuminate Entire
B3 Dark Green Green Ovate Acuminate Entire
B4 Dark Green Green Ovate-elliptic Acuminate Entire
B5 Dark Green Green Elliptic Acute Entire
B6 Dark Green Green Ovate Acuminate Entire
B7 Dark Green Green Elliptic Acute Entire
B8 Dark Green Green Ovate-elliptic Acuminate Entire
B9 Dark Green Green Elliptic Sub-acute Entire
B10 Dark Green Green Elliptic Acuminate Entire

Table 7. Variation in leaf parameters of selected trees of C. zeylanicum in Hosakambi source
Tree No.                                 Leaf Parameters

Leaf colour Petiole colour Leaf shape Tip shape Leaf Margin
H1 Dark Green Green Elliptic Acute Entire
H2 Dark Green Green Ovate-elliptic Acuminate Entire
H3 Dark Green Green Elliptic Acute Entire
H4 Dark Green Green Ovate-lanceolate Acuminate Entire
H5 Dark Green Green Ovate-elliptic Acute Entire
H6 Dark Green Green Ovate Acuminate Wavy
H7 Dark Green Green Ovate-elliptic Acuminate Entire
H8 Dark Green Green Elliptic Acuminate Entire
H9 Dark Green Green Ovate Acuminate Entire
H10 Dark Green Green Ovate-elliptic Acute Wavy

Table 6. Variation in leaf parameters of selected trees of C. zeylanicum in Gerusoppa       source
Tree No.                              Leaf Parameters

Leaf colour Petiole colour Leaf shape Tip shape Leaf Margin
G1 Dark Green Green Ovate-lanceolate Acuminate Entire
G2 Dark Green Green Elliptic Acuminate Entire
G3 Dark Green Green Ovate-lanceolate Acute Entire
G4 Dark Green Green Ovate Acuminate Entire
G5 Green Green Ovate-lanceolate Acuminate Wavy
G6 Dark Green Green Ovate-lanceolate Acuminate Entire
G7 Dark Green Green Elliptic Sub-acute Entire
G8 Dark Green Green Elliptic Acute Entire
G9 Green Green Elliptic Acuminate Entire
G10 Dark Green Green Elliptic Acute Entire
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elliptic, with a short or widely acuminate leaf apex and an acutish
or cuneate leaf base. Hanumantha et al. (2020) conducted work
on the same species in Karnataka also recorded similar types of
leaf shape and leaf apex. But they observed ovate shape
(41.51%) was predominant and with respect to leaf tip shape
sub-acute shape (66.98%) was dominated but in the Manchale
and Jaddigadde source elliptic was in great well. This might be
due to the work was carried in the farmers field but the current
work was conducted in the natural forest as variation is higher
in the natural forest compared to farm land.

Fig. 2. Variation in the leaf tip shape among the different sources
            of C. zeylanicum

The study outcomes of the Azad et al. (2019 and 2016)are
supporting the results of the present study.  High variation in
leaf parameters were observed in Sri Lanka; nine types of leaf
shape and eight types of leaf apex among the different sources.
In present study also elliptic leaf shape and acute leaf apex
were majorly expressed in all sources. Moreover, in Sri Lanka
nine types of leaf shape and eight types of leaf apex was also
noticed by Liyanage et al. (2021). The majority of the accessions
had narrowly elliptic leaf shapes with an apex of acuminate
shape and an obtuse base. They illustrated that, the eugenol
content of leaves is positively correlated with leaf shape and
base. The high variation in types of leaf shape and leaf apex
was due to the enormous diversity of cinnamon in Sri Lanka
compared to India.

The trees from various sources exhibited a predominant
expression of dark green coloured leaf. Additionally, all trees
shared the common characteristic of green-coloured petioles.
Among the observed leaf characteristics, five distinct shapes
were identified; elliptic, oblong, ovate, ovate-elliptic, and ovate
lanceolate. Likewise, four types of leaf apexes were noted;
acuminate, acute, sub-acute, and obtuse. Notably, the elliptic
leaf shape and acuminate leaf tip were found to be the most
prevalent features across the six sources. These findings
highlight the diverse range of leaf morphology present within
the studied population.
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