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This study evaluated the morphological diversity, fresh biomass, and essential oil content of 15
Coleus amboinicus L. accessions collected in various regions in Vietnam. Based on standardized
UPOV descriptors on key vegetative and reproductive traits, including plant height, petiole
coloration, flower characteristics, the accessions were classified into three distinct morphological
groups. Individual fresh biomass ranged from 1,974.0 to 2,804.3 g/plant while the essential oil
content, determined using the Vietnamese Pharmacopoeia V protocol, ranged from 0.30% to
0.48%, with HC5 exhibiting the highest content. These findings highlight the potential of selecting
promising accessions, particularly in Group II and III for breeding programs at enhancing
biomass productivity and essential oil yield of C. amboinicus.
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1. INTRODUCTION

Coleus amboinicus (Lour.), also known by its
synonyms PFlectranthus amboinicus L., Coleus
aromaticus B., is a versatile aromatic herb,
belonging to the family Lamiaceae. This species is
native to the tropics and warm regions in Africa,
Asia and Australia, but has been introduced and
domesticated in many parts of the world, including
the Americas and the Caribbean [1 - 3]. In
Vietnam, commonly the species is known as
“Hung chanh” or “Tan day la” and by various
names worldwide including Indian borage, Cuban
oregano or Mexican mint [4 - 6]. C. amboinicus L.
is characterized by its thick, fleshy and highly
aromatic leaves, which are traditionally valued in
traditional and folk medicine remedies to treat
respiratory, digestive and skin ailments, as well as
for their antimicrobial, anti-inflammatory and
antioxidant properties [7 - 13].

Historically, C. amboinicus L. cultivation in
Vietnam has been limited to small household
gardens, with minimal expansion into large-scale
production. However, in recent years, its health-
promoting properties have drawn increasing
attention from the pharmaceutical and functional

food industries, particularly highlighted during the
Covid-19 pandemic. This growing demand has
underlined the need for expansion of cultivation
areas and to ensure a stable supply of raw
materials for medicinal production. Despite the
extensive research on the chemical constituents
and pharmacological effects of C. amboinicus L.,
there remains a significant gap in the development
of highyielding and high-quality varieties,
especially in Vietnam, where propagation is
achieved primarily through stem cuttings due to
the rare seed set of the plant. Therefore, this
study aims to conduct a systematic evaluation
based on morphological characterization of C.
amboinicus L. and to preliminarily evaluate
agronomic potentials of these accessions collected
across Vietnam. Such efforts would contribute to
the expansion of cultivation areas to meet market
demand and facilitate the production of C.
amboinicusL.  according to the GACP-
WHO standards.

2. MATERIALS AND METHODS
2.1. Materials

Fifteen accessions of C. amboinicus L. were
collected from various agro-ecological locations in
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Vietnam for evaluation. The collection site for each
accession was described in table 1. Fresh stem

cuttings or whole plants were collected from each
collection site.

Table 1. List of C. amboinicus L. accessions collected in various regions in Vietnam

No. | Name Collection sites The C ommon NAME | collected time
in Vietnam
1 HCl My Ha commur.le, Lang Qlang district, “Hung chanh” 20,/11/2022
Bac Giang province
9 HC2 Thang Loi commune, Van‘Glang district, “Hung chanh” 10/3/2023
Hung Yen province
3 HC3 Ngu Hiep commune', T.hanh Tri district, “Hung chanh” 14/02/2023
Hanoi city
4 HC4 Dien Hung commune, D1e.n Chau district, “Hung chanh” 11/02/2023
Nghe An province
5 HCS Hoa An commur.le, Phung Hiep district, “Tan day la” 94/02/2023
Hau Giang province
6 HC6 An Tien commune,. My Duc district, Ha “Hung chanh” 11/02/2023
Noi city
7 HC7 Tan Chau town, An Giang province “Tan day la” 11/02/2023
Tan Lam Huong commune, Thach Ha « N
8 HCS district, Ha Tinh province Hung chanh 13/02/2023
9 HC9 Dong Hoa town, Phu Yen province “Tan day 1a” 13/02/2023
10 HC10 Tam Phuong commu.ne, B%en Hoa district, “Tén day 14" 24/02/2023
Dong Nai province
11 HC11 | Phuoc Long, Thu Duc, Ho Chi Minh city “Tan day la” 24/02/2023
19 HC12 Truc Chinh comm.une, Tmc Ninh district, “Hung chanh” 13/02/2023
Nam Dinh province
13 HCI3 Nhon Ai commune, Phqng Dien district, “Tan day la” 13/02/2023
Can Tho city
14 HC14 Thach Ban ward, Long Bien district, Ha “Hung chanh” 12/02/2023
Noi city
15 HC15 Dak To town, Dak T'o district, Kon Tum “Hung chanh” 12/02/2023
province

The common names were provided by the
providers and the location of the collected
genotypes was presented in table 1.

2.2. Methods

2.2.1. Cultivation method

All fifteen accessions were cultivated under
uniform field conditions; each was planted in a 20

m? plot. The plots were arranged in a randomized
design without replications.

The experiment was conducted in Field
experimental site - National research Center for
Medicinal plant Germplasm and Breeding in
Thanh Tri district, Ha Noi city in 2023.

2.2.2. Morphological characterization

The morphological characterization was
evaluated according to the International Union for
The Protection of New Varieties of Plant - UPOV
guideline TG/315/1 for the botanical name Coleus
Lour. or Plectranthus L'Hér. A list of 36
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descriptors is presented in table 2 including 3
descriptors in the plant, 17 in the leaf, 16 in the
flower. In addition, other distinctive traits of each
accession were evaluated based on field
phenotypic characterizations. Each trait was
evaluated based on observations from at least five
plants per accession.

2.2.3. Yield and Essential oil evaluation

Individual fresh biomass, essential oil yield
was recorded at harvest, 180 days after
transplanting as recommended by Sabra ef al,
(2018) [14].

2.2.4. Essential oil analysis

100 g-sample of each accession was harvested
simultaneously and quantified using the hydro
distillation method in 4 hours following the
protocols outlined in Vietnam Pharmacopoeia V -
Supplementary Edition, 2023 [15]. Essential oil
yield was calculated as the percentage of oil
weight relative to the dry leaves weight.

2.2.5. Data analysis

Data were processed using Microsoft Excel
software for descriptive statistics.

3. RESULTS AND DISCUSSION

3.1. Morphological characterization using
UPOV descriptors

The summarized morphological characterization
of fifteen C. amboinicus L. accessions is shown in
table 2. Based on the growth habit, plant height
and plant width, leaf blade characteristics and
floral traits, there were 3 tentative plant types
among the accessions (Figure 1).

The group I consisted of seven accessions
characterized by a semi-upright growth habit,
short to medium plant height (less than 80 cm)
and medium canopy width, namely HC1, HC4,
HC6, HC8, HC9, HC10, HC15. The group’s leaf
blades were consistently thick, with biserrate
margins and shallow incisions. The base and apex
were predominantly truncate and obtuse,
respectively, and pubescence was sparse. The
upper leaf surface exhibited light green coloration,
with no anthocyanin pigmentation. Floral traits
included purple corolla coloration with medium

purple markings, long corolla length, high corolla
height, and short corolla tube dimensions. These
accessions exhibited a late onset of flowering
(Figure 1A; figure 2).

The second group (group II) possessed a
spreading growth habit type (including HC2, HC3,
HC7, HC11, HC12, HC13, HC14) with tall plant
height ranging from 824 cm to 88.2 cm and
broadly spreading canopy. Leaf blades were thick,
with crenate margins and medium incision depth.
The leaf base was truncate and the apex was
rounded, with medium pubescence and moderate
blistering. The upper leaf surface was medium
green in color, and anthocyanin pigmentation was
absent. Flowers were pale purple with weak
markings. Some flower traits such as corolla
length, height, and tube dimensions were similar
to Group I. These accessions flowered earlier than
group I, with a medium onset of flowering (Figure
1B; figure 2).

Group III consisted solely of accession HC5,
which displayed a semi-upright growth habit, the
tallest recorded plant height (98.3 cm), and a
broad canopy. Leaf blades were long and thick,
with dentate margins and medium incision depth.
The base was truncate and the apex rounded, with
dense pubescence and moderate blistering. The
leaf surface was light green, and anthocyanin
pigmentation was absent. Floral data were not
available for this accession under the duration of
experiment. A transition from vegetative to
reproductive  development was  observed.
However, the floral initiation did not progress into
a visible inflorescence (Figure 1C; figure 2).

Beside UPOV morphological descriptors,
other characteristics relating to stem traits were
observed. Group I presented green-light purple
stem with a quadrangular cross-sectional shape, in
low density of trichomes. Group II's stem
exhibited a color range from light to deep reddish
purple, with a circular transverse section with
dense pubescence. The last group III of HC5 was
categorized with lighter green stem, quadrangular
transverse shape, high density of trichomes along
stem surface (Figure 2).
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Figure 1. Representative morphological traits of collected C. amboinicusL. accessions. A: Group I
includes HC1, HC4, HC6, HC8, HC9, HC10 and HC15 accessions; B: Group II includes HC2, HC3, HC7,
HC11, HC12, HC13 and HC14 accessions; C: Group III comprises HC5 only, the inset image in group III
highlights the floral primordium observed during the early stage of reproductive initiation

Leaf (margin)

Inflorescence

Figure 1. Morphological traits of C. amboinicus L. of A: Group I; B: Group II; C: Group III
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Table 2. Morphological descriptors for C. amboinicus L. accessions (Group I)
according to UPOV [16]

: Character . Group I
Descriptor No. Descriptors
group HC1 HC4 HC6 HCS HC9 HC10 HC15
1 Gligl‘:i?l Growth habit Semi-upright | Semi-upright [ Semi-upright | Semi-upright | Semi-upright | Semi-upright | Semi-upright
Plant : =
2 height Height 78.8 67.8 66.6 66.9 69.3 68.2 68.5
3 \13'1:11:}1 Width Medium Medium Medium Medium Medium Medium Medium
4 11):;;1; Petiole length Medium Medium Medium Medium Medium Medium Medium
5 Length Medium Medium Medium Medium Medium Medium Medium
6 Width Medium Medium Medium Medium Medium Medium Medium
7 Length/width ratio Low Low Low Low Low Low Low
8 Thickness Thick Thick Thick Thick Thick Thick Thick
9 Base shape Truncate Truncate Truncate Truncate Truncate Truncate Truncate
10 Apex shape Obtuse Obtuse Obtuse Obtuse Obtuse Obtuse Obtuse
11 Broadest part position At middle At middle At middle At middle At middle At middle At middle
12 Variegation Absent Absent Absent Absent Absent Absent Absent
13 Leafblade | Green color imtensity (pper | g, Light Light Light Light Light Light
14 Anthocyanin (Upper side) Absent Absent Absent Absent Absent Absent Absent
15 Anthocyanin (Lower side) Absent Absent Absent Absent Absent Absent Absent
16 Anthocyanin 45smbun on Absent Absent Absent Absent Absent Absent Absent
(Lower side)
17 Margin incision type Biserrate Biserrate Biserrate Biserrate Biserrate Biserrate Biserrate
18 Margin incision depth Shallow Shallow Shallow Shallow Shallow Shallow Shallow
19 Blistering Weak Weak Weak Weak Weak Weak Weak
20 Pubescence Sparse Sparse Sparse Sparse Sparse Sparse Sparse
21 Fow Flower density Medium Medium Medium Medium Medium Medium Medium
22 br:;:celi Pubescence Dense Dense Dense Dense Dense Dense Dense
23 Anthocyanin coloration Absent Absent Absent Absent Absent Absent Absent
24 Flower Main color Purple Purple Purple Purple Purple Purple Purple
Descriptor No. Chaas Descriptors Sroupll
group HC1 HC4 HC6 HCS8 HC9 HC10 HC15
25 Corolla length Long Long Long Long Long Long Long
26 Corolla height High High High High High High High
27 Corolla tube length Short Short Short Short Short Short Short
28 Corolla tube height Short Short Short Short Short Short Short
29 Cor?g;gﬁ?ﬁ;ir;lio et Low Low Low Low Low Low Low
30 Corole “;?;‘il:’g‘g‘“‘d'ml Weak Weak Weak Weak Weak Wealk Weal
31 Colanbe: ma micolorol Purple Purple Purple Purple Purple Purple Purple
outer side
Upper corolla lobe: main color
B
32 of outer side Purple Purple Purple Purple Purple Purple Purple
Upper corolla lobe: main color
33 of inner side Purple Purple Purple Purple Purple Purple Purple
Upper corolla lobe:
34 prominence of purple spots or [ Medium Medium Medium Medium Medium Medium Weak
markings
- Lower corolla lobe: main color
35 of outer side Purple Purple Purple Purple Purple Purple Purple
36 Flowering time (beginning) Late Late Late Late Late Late Late

* In centimeters

Table 3. Morphological descriptors for C. amboinicus L. accessions (Group II and Group III)
according to UPOV [16]

Group
Group II
No. Character Descriptors 1t
group
HC2 HC3 HC7 HC11 HC12 HC13 HC14 HC5
Growth Growth , , , _ , , | Semi
1 habit habit Spreading| Spreading| Spreading| Spreading| Spreading| Spreading| Spreading upright
Plant .
2% . Height 88.2 874 86.0 82.8 82.4 84.9 87.5 98.3
height

34
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Group
Group II
No. Character Descriptors 1
group
HC2 HC3 HC7 HC11 HC12 HC13 HC14 HC5
3 | Plant width Width Broad Broad Broad Broad Broad Broad Broad | Broad
y | Petiole | Petiole ) o ot | Short | Short | Short | Short | Short | Short
length length
5 Length Medium | Medium | Medium | Medium | Medium | Medium | Medium | Long
6 Width Medium | Medium | Medium | Medium | Medium | Medium | Medium | Long
Length/
7 Low Low Low Low Low Low Low Low
width ratio
8 Thickness Thick Thick Thick Thick Thick Thick Thick Thick
9 Base shape | Truncate | Truncate | Truncate | Truncate | Truncate | Truncate | Truncate | Obtuse
10 Apex shape | Rounded | Rounded | Rounded | Rounded | Rounded | Rounded | Rounded | Obtuse
1 Broadest | ) . ddle| At middle| At middle| At middle| At middle| At middle| At middle| X
part position middle
12 Variegation | Absent | Absent | Absent | Absent | Absent | Absent | Absent | Absent
Green color
13 intensity | Medium | Medium | Medium | Medium | Medium | Medium | Medium | Light
(upper side)
Leaf blade .
14 Anthocya:lnln Absent | Absent | Absent | Absent | Absent | Absent | Absent | Absent
(Upper side)
Anthocyanin
15 i Absent | Absent | Absent | Absent | Absent | Absent | Absent | Absent
(Lower side)
Anthocyanin
16 distribution | Absent | Absent | Absent | Absent | Absent | Absent | Absent | Absent
(Lower side)
17 . Ma rem Crenate | Crenate | Crenate | Crenate | Crenate | Crenate | Crenate | Dentate
incision type
Margin Medi
18 incision Medium | Medium | Medium | Medium | Medium | Medium | Medium fn u
depth
L . . . . . , . Mediu
19 Blistering | Medium | Medium | Medium | Medium | Medium | Medium | Medium m
20 Pubescence | Medium | Medium | Medium | Medium | Medium | Medium | Medium | Dense
Flower . . . ) . . .
21 density Medium | Medium | Medium | Medium | Medium | Medium | Medium | N/A
Flower
22 branch Pubescence | Dense Dense Dense Dense Dense Dense Dense N/A
23 Anthocygmn Absent | Absent | Absent | Absent | Absent | Absent | Absent N/A
coloration
94 Flower Main color Pale Pale Pale Pale Pale Pale Pale N/A
purple purple purple purple purple purple purple
35
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25

26

27

28

29

30

31

32

33

34

35

36

Character
group

Group II Gli(l)lu P
Descriptors
HC2 HC3 HC7 HC11 HC12 HC13 HC14 HC5
Corolla Lon, Lon Lon, Lon Lon, Lon, Lon N/A
length g g g g g g g
Corolla | b | High | High | High | High | High | High | N/A
height g g g g g g g
Corollatube | o '+ | Short | Short | Short | Short | Short | Short | N/A
length
Corollatube | o '+ | Short | Short | Short | Short | Short | Short | N/A
height
Corolla tube:
ratio of
length/ Low Low Low Low Low Low Low N/A
height
Corolla tube:
longitudinal | Weak Weak Weak Weak Weak Weak Weak N/A
curving
C01.‘011a tube: Pale Pale Pale Pale Pale Pale Pale
main color of urple urple urple urple urple urple urple N/A
outer side purp purp. purp. purp. purp. purp purp.
Upper
corolla lobe: Pale Pale Pale Pale Pale Pale Pale
) N/A
main color of] purple purple purple purple purple purple purple
outer side
Upper White - | White- | White- | White- | White- | White- | White -
corolla lobe:
) pale pale pale pale pale pale pale N/A
main color of urple urple urple urple urple urple urple
inner side purp purp. purp purp. purp purp purp
Upper
corolla lobe:
Drominence | vy i Weak Weak Weak Weak Weak Weak N/A
of purple
spots or
markings
Lower
corolla lobe: Pale Pale Pale Pale Pale Pale Pale
) N/A
main color off purple purple purple purple purple purple purple
outer side
Flowering
time Medium | Medium | Medium | Medium | Medium | Medium | Medium | N/A
(beginning)

36

* In centimeters. N/A: not available at the time of observation.
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3.2. Yield and essential oil yield of collected C.
amboinicus L.

All accessions were harvested simultaneously
180 days after planting. The average fresh biomass
per individual ranged from 1,974.0 (HC10) to
2,804.3 g/plant (HC2) (Table 4). Considering the
distinctive morphological traits of each group,
distinct pattern in yield and essential oil were
observed. Group I exhibited the lowest fresh
biomass range, with yield from 1,974.0 to 2,244.0
g/plant with the corresponding essential oil
ranged from 0.3% to 0.41%. Group II showed a
broader and higher yield variation from 2,089.6 to
2,804.3 g/plant. The essential oil of this group
varied between 0.3% and 0.45%. Group III,

consisting of only HC5 was the second highest in
yield of 2,796.6 g/plant with highest essential oil
content of 0.48%. The results indicate that group II
and group III are the most promising for attaining
high fresh biomass and essential oil yield. They
would be the ideal candidates for selection and
breeding programs.

With an average of essential oil content of 0.4%
on dry weight basis across all accessions, the
results are significantly higher than those reported
in previous studies. Dung ef al (1990) reported a
range of 0.002% and 0.003% [17] while Lu (2016)
documented a broader value and in range from
0.03% and 0.12% [18].

Table 4. Individual fresh biomass and total essential oil content of collected C. amboinicusL.

Accession Individual fresh biomass (g/plant) Total essential oil content (%)
HC1 1.982.2+75.3 0.30£0.01
HC2 2.804.3+1374 0.43+0.01
HC3 2.372.9+ 1229 0.42 +0.02
HC4 2.244 +97.3 0.32+0.01
HC5 2.796.6 £ 113.6 0.48 +0.01
HC6 2.020.9 + 89.2 0.38+0.01
HC7 2.606.5 + 123.8 0.45+0.02
HCS8 2.060.1+99.9 0.34+0.01
HC9 2.019.1+96.4 0.41+0.01
HC10 1.974 + 86 0.37 +0.01
HC11 2.465.6 + 114.6 0.32+0.01
HC12 2.089.6 + 90.1 0.44 £ 0.02
HC13 2.412.7+ 1175 0.30 £ 0.02
HC14 2.4429+117.2 0.42+0.01
HC15 1.978.8+101.3 0.38+0.01
Average 2.284.7 0.40
4. CONCLUSION application of international standard UPOV

4.1. Conclusion

UPOV descriptors have been successfully
applied for classifying collected accessions in the
previous studies [19 - 21]. As in this study, the
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collected accessions into 3 tentative morphological
groups (Group I, II and group III). Group
differentiation was primarily based on plant
growth habit, plant height, petiole coloration, stem
shape, stem color, stem trichomes and flower
color and structures. Significant variation in fresh
biomass and essential oil yield also demonstrated
potential of each group for cultivation and
breeding, particularly accessions in group II and
III. These finding contribute valuable insights for
the selection and development of high yielding
varieties of C. amboinicus L., supporting its
broader applications in medicinal industry.

On the dry weight basis, the essential oil
content of all accession ranged from 0.3% to 0.48%.
When the observed fresh: Dry ratio of
approximately 15: 1 is applied, the essential oil
content correspond to a range of 0.02 - 0.032% on a
fresh-weight basis. This converted range aligns
with the previous studies and prove the
differences with the previous studies with
significant higher essential oil content.

4.2. Recommendation

Further evaluation of yield and quality should
be conducted in subsequent growing seasons of
the potential accessions in group II and group III.
In addition to agronomic assessment, conducting
chemical profiling of essential oil components
across accessions is recommended to support the
selection of superior genotypes for cultivation and
medicinal use.
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