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Abstract: Codiaeum variegatum (L.) Rumph. ex A. Juss is a common ornamental plant with
a high variation of leaves shape and colour. This study aimed to analyze the leaves’
anatomy and the phenetic relationship between eight cultivars of C. variegatum which were
defined by the differences in leaf morphology. The paraffin method prepared the
transversal section of leaves, and anatomical characters were converted into binary data to
calculate the similarity coefficient which was analyzed by Numerical Taxonomy System
(NTSYS) 2.1 version. Leaves of eight cultivars of C. variegatum are varied in the anatomical
structure of the primary vein and lamina. The eight cultivars of C. variegatum were
clustered into four. The variations were found in 19 primary vein and lamina anatomy
characteristics and the similarity coefficient is up to 0.59 between all cultivars. It can be
concluded that the combination of leaf anatomical structures and midrib anatomical
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Introduction

Euphorbiaceae is the fourth-largest family of
flowering plants (Webster, 1994) and consists of 5
subfamilies, 300 genera, and 6000 species (Pritchard,
2003). Codiaeum wvariegatum is one of the species
belonging to Euphorbiaceae that show high intraspecies
variation. This plant is native and distributed from
Borneo, Java, to Queensland and has been introduced in
several countries in Africa and Asia (POWO, 2022). C.
variegatum has a high variation in leaves’ shape and
colour and is tolerant to high light exposure, so it is
usually considered as an ornamental plant in the open
garden. Phytochemical analysis showed that the shoot of
C. variegatum contained alkaloids, cardiac glycosides,
saponins, tannins, cardenolides, and pigmented
compounds (Ogunwenmo et al., 2007). The shoot and
leaves of C. variegatum were also reported for their
ability in Pb accumulation (Sulistiana & Setijorini, 2015;
Agustin & Hamidah, 2019), therefore, potential for a
bioremediation process. Other reports stated that C.
variegatum extracts are involved in the antidiarrheal
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characters have notable taxonomic implications for future research.
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activity of mice (Labu et al., 2015), screened against the
influenza A virus (Forero et al., 2008), and produce the
essential oil that used as insectidal activity (Lawal et al.,
2018). C. variegatum has potential pharmacology activity
to treat amoebic dysentery (Njoya et al., 2021) and have
the activity of antioxidant and anti-inflammatory
(Pechangou et al.,, 2023). The high potential of C.
variegatum for humans and the environment implies the
urgency of exploring this plant and its uses.
Intraspecies variations in C. variegatum indicate a
high potential source of germplasm. Regarding the high
demand for C. variegatum as an ornamental plant, an
updated taxonomic study is crucial to discover the
plant’s potential and crossing. Studies reported the
intraspecies variation of C. wvariegatum based on
morphological and molecular traits. Widyaningsih
(2015) classified C. variegatum into 54 cultivars based on
morphological variation; meanwhile, Mollick et al.
(2011) clustered into 29 cultivars and 4 major groups
based on leaf phenotypic parameters. Moreover, AFLP
analysis grouped C. variegatum into 44 cultivars of 7
clusters (Deng et al., 2010) and RAPD analysis showed
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106 polymorphic bands (Asniawati & Purwantoro,
2018). C. variegatum was classified into 24 cultivars based
on the shape and color of the leaves (Faturrahman et al.,
2023). The genetic variety of C. variegatum has reported
based on ISSR and RAPD analysis (El-Tony, 2023). These
reports indicated that C. variegatum has a high variation
both in morphological and gene levels.

The anatomical structure is one of the
distinguishing characteristics to determine the plant
species or cultivars (Samiyarsih et al., 2019; Tripathi et
al., 2023). Any modification in structure result from
evolutionary change and may promotes plant’s survival
in a particular habitat (Hanley et al., 2007). This includes
morphological modifications, histological changes in
cells and tissues and physiological specialisations
(Rampe et al., 2019). However, information on C.
variegatum leaf’s anatomy is still limited. Leaf shape is
related to the primary function in photosynthesis and
evolutionary processes as a form of environmental
adaptation (Chitwood & Sinha, 2016; Holloway-Phillips,
2019; Parkhurst & Loucks, 1972) and the anatomical
structure of the leaf play an important role in the light
distribution through the mesophyll (Smith et al., 1997).
Therefore, a high intraspecies variation in the leaf shape
of C. variegatum calls for a better explanation to explore
the evolutionary history within the species anatomically.
This study aimed to analyze the anatomical structure
variation of C. wvariegatum leaves and the phenetic
relationship between several cultivars. This study
confirms the anatomical variation in C. variegatum and
provides a better way to identify the C. variegatum
cultivars.

Method

Leave samples of C. variegatum were collected from
several open gardens in Pontianak City. Eight cultivars
were defined according to the differences in leaf
morphology. The leaves sampled are those in the base-
oriented position and relatively uniform in size, so it is
assumed to have reached the final development stage.
However, the three cultivars showed different leaf
morphology, so basal and tip leaves were used as
samples. Six morphological characteristics were
described, including leaf apices or tip, leaf shape, leaf
colour, leaf base, leaf edge, and variation of leaf colour
(Table 1).

Fresh leave samples of eight C. variegatum cultivars
(C1-C8) were immersed in an FAA (Formaldehydes:
Glacial Acetic Acid: 70% Ethanol = 5:5:90) fixative
solution for 24 hours. Slide preparation of the leaf’s
anatomical structure used Paraffin Method as described
by Sass (1951), with some modifications in dehydration
and clearing agents. We used tert-butanol for
dehydration and neo-clear as clearing agents. The
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anatomical structure of the leaves was visualized under
a camera-mounted microscope Olympus CX with 100x
magnification. Tissue observation was done on the leaf’s
lamina and midrib parts.

The phenetic relationship between eight C.
variegatum cultivars was analyzed by NTSYS software
2.1 version. The leave anatomy information of C.
variegatum cultivars converted into binary data. Binary
data of C. variegatum leaf characters were used to count
the similarity coefficient by SIMQUAL using the sample
matching method. The clustering of eight C. variegatum
cultivars was analyzed using Sequential Agglomerative
Hierarchical and Non-overlapping clustering (SAHN
clustering) by UPGMA method. A dendrogram was
built using TREE display.

Results and Discussion

Leaf samples of eight cultivars of C. variegatum (C1,
C2, C3, (4, C5, C6, C7, and C8) showed variations in six
morphological characters (Table 1). The visualization of
leaf morphology for each cultivar can be seen in Figure
1. The leaf apices or tip morphology of eight C.
variegatum cultivars is divided into acuminate, acute,
and obtuse; meanwhile, the leaf base is either acute or
obtuse. The leaf base could be symmetry or asymmetry,
or both. The lamina coloration is divided into two
groups, green-yellow and red-green-yellow. The
contents of chlorophyll in the leaves of C. variegatum
decrease with the increase of leaf age, and the coloration
of the plant is mainly due to the increased red cells
among the leaf epidermis. The eight cultivars of C.
variegatum showed six types of leaf shape: linear, oval,
fissus, lanceolate, lobate, and twisted. The leaf edge
character is divided into integer, pinnatifid,
pinnatilobus, and repandus. Some cultivars showed
variation in the same character, e.g., color differences in
young and mature leaves of C1, C5, and C6. Thus, the
same age range of leaves is essential in cultivar type
determination because the shape of each leaf changes
allometrically during its development (Chitwood &
Sinha, 2016).

According to Sicard et al. (2014), changes in leaf
morphology result from repeated mutations in the
homeobox gene and its expression in response to
environmental temperature. Among them, Vlad et al.
(2014) explained the role of the homeodomain reduced
complexity (RCO) protein in leaflet development by
suppressing the growth at their flanks. For example,
RCO develops in the Brassicaceae family through gene
duplication and is lost in Arabidopsis thaliana with
simple leaves. Meanwhile, Piazza et al. (2010) found that
non-lobed leaf morphology was proven to be caused by
loss of homeobox knottedl-like gene expression

Shootmeristemless (STM) in leaves and the influence of
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cis-regulatory divergence. On the other hand, Mollick et
al. (2012) stated that C. variegatum cultivars can still be
identified by the leaf’s dimensions, including leaf base,
margin, apices, shape, coloration, and color pattern. This
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indicates that the designation of the eight samples as
cultivars showed differences for the six morphological
characters in line with Mollick et al. (2012).

Table 1. Leaf Morphological Characters to Differentiate the Eight Cultivars in This Study

Morphological Characters

Cultivars

LT LB LC LS LE LCV
C1 Acuminate Acute-Obtuse- Asymmetry Red-Green-Yellow Linear Integer Yes
2 Obtuse Acute-Asymmetry- Green-Yellow Oval Integer No
c3 Acute Acute-Asymmetry- Symmetry Green-Yellow Fissus  Pinnatifidus No
(@) Obtuse Obtuse-Asymmetry-Symmetry Green-Yellow  Lanceolate Integer No
c5 Acute Acute-Asymmetry- Symmetry Red-Green-Yellow Lobatus  Pinnatilobus Yes
(€ Acuminate Obtuse-Symmetry- Red-Green-Yellow Lobatus  Pinnatilobus Yes
Cc7 Obtuse Acute-Asymmetry Green-Yellow Twisted Repandus No
C8 Acute Acute-Symmetry Green-Yellow Lanceolate Integer No

LT: Leaf Tip; LB: Leaf Base; LC: Leaf Color; LS: Leaf Shape; LE: Leaf Edge; LCV: Leaf Color Variation

ooy I
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Figure 1. Leaf morphology for each cultivar (C1-C8) analyzed
in this study

Anatomical observation of the lamina part of the
leaf is shown in Figure 2. The adaxial epidermal cell
shape is rectangular except that cubic in cultivar 5 (C5).
The palisade cell shape in the seven cultivars is
rectangular, but the rounded palisade cell shape is only
found in cultivar 5 (C5). Two layers of palisade were
found in cultivars 1, 2, 3, and 4 (C1-C4), but a single layer
was found in cultivars 5, 6, 7, and 8 (C5-C8). The number
of spongy cell layers is the most varied among other
characteristics in eight cultivars of C. variegatum. Seven
layers of the spongy cell were found in cultivar 5 and 7
(C5, C7); eight layers of the spongy cell was found in
cultivar 4 and 6 (C4, C6); nine layers of the spongy cell
were found only in cultivar 1 (C1), and ten layers of the
spongy cell were found in cultivars 2, 3, and 8 (C2, C3,
C8). Druse was found in all abaxial leaves of the eight
cultivars but not in the adaxial leaves of cultivars 7 and
8 (C7, C8).

Figure 2. The cross-sections of the leaf lamina of eight cultivars C. variegatum (C1-C8). PP: palisade parenchyma, VB: vascular
bundle, SP: spongy parenchyma, VB: vascular bundle, ADAE: adaxial epidermis, ABAE: abaxial epidermis, DR: druse. Bar
scale =100 pm
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The anatomical structure of the primary vein varies
between cultivars (Figure 3). The primary vein is
biconvex in all C. variegatum cultivars (C1, C3-C8) except
that uniconvex with flat adaxial in cultivar 2 (C2).
Cultivars 1, 4, 5, and 6 (C1, C4-C6) showed cubic adaxial
epidermis cell shape; however, rectangular adaxial
epidermis cell shape was found in cultivars 2, 3, 7, and 8
(C2, C3, C7, C8). In the primary vein, the palisade was
found only in cultivars 2 and 3 (C2, C3). The number of
vascular bundle layers is more than three in the seven
cultivars (C2-C8); however, one layer is found only in
cultivar 1 (C1). The number of hypodermis cell layers in
the adaxial primary vein varies; three layers were found
in cultivars 3, 4, and 8 (C3, C4, C8), and four layers were
found in cultivars 1, 5, 6, and 7 (C1, C5-C7). However,
the hypodermis cell layer was not found in cultivar 2
(C2), which may be related to the uni convex and flat
adaxial.

Among the eight cultivars, anatomical observation
also showed similarities in the tissue characteristics of
the leaf lamina and primary vein (Table 2). In the lamina,
similarities were found in the abaxial epidermis cell
shape, the presence of cuticle, spongy cell shape, and
druse in the abaxial. In the primary vein, similar
characteristics were found in the adaxial epidermis cell
shape, the number of the palisade and spongy cell layers,
palisade cell shape, and the presence of druse in the
adaxial. The lamina part of C. variegatum leaf has a
rectangular abaxial epidermis and a polygonal spongy
cell shape. All cultivars have cuticles and druse in the
abaxial. In the primary vein, druse was also found in all
cultivars of C. variegatum, and the pattern of vascular
bundles is open collateral.

Druse is found both in the lamina and primary vein.
The presence or absence of druse crystals may represent
essential taxonomic characters and can be used to
understand plant species' evolutionary relationships
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(Franceschi & Horner, 1980; Prychid & Rudall, 1999).
Many functions have been attributed to calcium oxalate
crystals in plants, such as protecting plants against
herbivores by their association with irritating chemicals
or proteolytic toxins (Rupali et al., 2012). The mechanical
effect of needle-like crystals which puncture the foraging
animals is also an essential part of the plant defense
(Konyar et al., 2014).

UPGMA method was used to obtain a dendrogram,
as shown in Figure 4. The eight cultivars of C. variegatum
were clustered into four. Cluster I consist of three
cultivars (C1, C4, and C6) with a similarity coefficient
between 0.81 and 0.82. As reflected in the anatomical
structure, the same characteristics were of adaxial and
abaxial epidermis cell shape in the lamina, the palisade
cell shape, the presence of cuticle, the spongy cell shape,
the presence of druse in abaxial and adaxial of lamina,
abaxial and adaxial surface in the primary vein, adaxial
epidermis cell shape of the primary vein, the pattern of
vascular bundles, the presence of palisade in the
primary vein, and the presence of adaxial hypodermis
and druse in the primary vein. Cluster II consists of 2
cultivars (C7 and C8) with a similarity coefficient of 0.84.
Similar characteristics include the adaxial and abaxial
epidermis cell shape of the lamina, the number of
palisade layers, palisade cell shape, the presence of
cuticle, the spongy cell shape, the presence of druse in
the adaxial and abaxial lamina, abaxial surface of the
primary vein, adaxial epidermis cell shape of the
primary vein, the pattern of vascular bundles, the
presence of palisade in the primary vein, the number of
vascular bundles, the presence of hypodermis in abaxial
and adaxial of the primary vein, and the presence of
druse in the primary vein. Cluster III comprises two
cultivars (C2 and C3) with a similarity coefficient
between 0.78 and 0.79.

Figure 3. The cross-sections of the primary vein of the eight C. variegatum cultivars (C1-C8). PP: palisade parenchyma, CL:
collenchyma, SP: spongy parenchyma, XY: xylem, PH: phloem, DR: druse. Bars: 100 pm
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Table 2. Anatomy Character of Eight Cultivars of C. variegatum

June 2024, Volume 10, Issue 6, 3511-3518

C. variegatum Cultivars

No Anatomy characters a o 3 Ca IS 3 7 cs
Lamina

1 Adaxial epidermis cell shape Rec Rec Rec Rec Cub Rec Rec Rec
2 Abaxial epidermis cell shape Rec Rec Rec Rec Rec Rec  Rec Rec
3 The number of the palisade layers 2 2 2 2 1 1 1 1
4 Palisade cell shape Rec Rec Rec Rec Rou Rec Rec Rec
5 The presence of cuticle Yes Yes Yes Yes Yes Yes Yes Yes
6 The number of the spongy cell layers 9 10 10 8 7 8 7 10
7 Spongy cell shape Pol  Pol Pol Pol Pol Pol Pol Pol
8 The presence of druse in adaxial Yes Yes Yes Yes Yes Yes No No
9 The presence of druse in abaxial Yes Yes Yes Yes Yes Yes  Yes Yes
Primary Vein

1 Abaxial surface Arc Cur Arc Arc  V shape Arc  Arc Arc
2 Adaxial surface V shape Flat Cur YV shape Arc Vshape Cur Vshape
3 Adaxial epidermis cell shape Cub Rec Rec Cub Cub Cub  Rec Rec
4 The pattern of vascular bundles oC oOC ocC ocC ocC ocC ocC ocC
5 The presence of palisade No Yes Yes No No No No No
6 The number of vascular bundles 1 >3 >3 >3 >3 >3 >3 >3
7 The presence of abaxial hypodermis Yes Yes No No Yes Yes  Yes Yes
8 The presence of adaxial hypodermis Yes No Yes Yes Yes Yes  Yes Yes
9 The number of hypodermis cells in adaxial 4 0 3 3 4 4 4 3
10 The presence of druse Yes Yes Yes Yes Yes Yes  Yes Yes

Rec: Rectangular; Cub: Cubic; Cur: Curved; Rou: Rounded; Pol: Polygonal; Arc: Arched; OC: Open Collateral

€1
C6
c4

| C7

Cowthiaent

CcB
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Figure 4. Dendrogram of 8 C. variegatum cultivars based on anatomical characteristics

Anatomical characteristics found in both cultivars
include the adaxial and abaxial epidermis cell shape of
the lamina, the number of palisade layers, palisade cell
shape, the presence of cuticle, the number of the spongy
cell layer, the spongy cell shape, the presence of druse in
adaxial and abaxial of the lamina, midrib adaxial
surface, adaxial epidermis cell shape of the primary vein,
the pattern of vascular bundles, the presence of palisade
in the primary vein, the number of vascular bundles, the
presence of hypodermis in the abaxial of the primary
vein, and the presence of druse in the primary vein.

Cluster IV consists of only one cultivar (C5) with a
similarity coefficient of only 0.59 with the other cultivars.
Among cultivars, the highest similarity of 0.84 was
found between C7 and C8.

Our study showed that the anatomical characters of
the leaflet and primary vein could be taxonomic
evidence to produce reliable diagnostic characters to
identify C. wvariegatum cultivars. The same diagnostic
characters were also found in the genus Crotalaria
(Leguminosae: Papilionoideae: Crotalarieae) (Devecchi

et al,, 2014) and Canthium s.l. (Rubiaceae) (Tilney et al.,
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1990). However, we must carefully determine
relationships between cultivars using anatomical
markers on leaves, considering the potential for
environmental influences and adaptability that produce
adaptive phenotypes. In the eight cultivars of C.
variegatum, the cubic shape of the epidemic cells and the
round shape of the palisade cells can be assumed to be
the more primitive cell shapes. These two characteristics
can be seen in the divergence between the seven
cultivars and C5. The following anatomical grouping
appears to align with the elongated leaf shape and more
complex coloration. The same grouping for cultivars
with more complex leaf colours aligns with the grouping
reported by Andreastuti-K et al. (2015). Cultivars with
green-yellow-red leaves were grouped into the same
cluster with a genetic similarity of up to 74%. In
comparison, cultivars with two color combinations
(green-yellow and green-red colours) were grouped in
another cluster with a genetic similarity of 69%.
Interestingly, anatomical observation confirms the
morphology and genotype-based dendrograms. In
conclusion, the combination of leaf anatomical
characters such as adaxial epidermis cell shape, palisade
cell shape, the number of the palisade, the number of the
spongy cell layers, the presence of druse in adaxial and
midrib anatomical characters such as adaxial and abaxial
surface, adaxial epidermis cell shape, the presence of
palisade, the number of vascular bundles, the presence
of abaxial hypodermis, and the number of hypoderms
could have notable taxonomic implications.

Conclusion

Variation of C. variegatum were found in 19 primary
vein and lamina anatomy characteristics and the
similarity coefficient is up to 0.59 between all cultivars.
Combination of leaf anatomical structures and midrib
anatomical characters have notable taxonomic
implications for future research.

Acknowledgments
The authors thank PNBP FKIP Universitas Tanjungpura for
funding this study.

Authors Contribution

Hayatul Fajri was contributed to design, implementation of the
research, analysis the results, and writing the manuscript.
Anisyah Yuniarti was contributed to design and
implementation of the research. Ari Sunandar and Wolly
Candramila were contributed to proofreading and review the
manuscript.

Funding
This research was funded by PNBP FKIP Universitas
Tanjungpura.

June 2024, Volume 10, Issue 6, 3511-3518

Conflicts of Interest
The authors declare that there are no conflicts of interest
regarding the publication of this article.

References

Agustin, R. E., & Hamidah. Absorption of lead (Pb) by
Codiaeum variegatum plants in different Surabaya
protocol roads: a preliminary research. In IOP
Conference Series: Earth and Environmental Science
(Vol. 259, No. 1, p. 012006). IOP Publishing.
https:/ /doi.org/10.1088/1755-1315/259/1/012006

Andreastuti-K, M., Purwantoro, A., & Murti, R. H.
(2015). Molecular diversity of garden croton
(Codigeum variegatum (L.) Rumph. ex A. Juss) based
on RAPD marker. Vegetalika, 4(2), 90-99.
https:/ /doi.org/10.22146/veg.9279

Asniawati, M. D., & Purwantoro, A. (2018). Genetic
diversity of croton (Codiaeum variegatum (L.)
Rumph. ex A. Juss) and its offspring based on
RAPD markers. Ilmu Pertanian (Agricultural
Science), 4(2), 52-58.
https:/ /doi.org/10.22146/ipas.40899

Chitwood, D. H., & Sinha, N. R. (2016). Evolutionary and
environmental forces sculpting leaf development.
Current Biology, 26(7), 297-306.
https:/ /doi.org/10.1016/j.cub.2016.02.033

Deng, M., Chen, J., Henny R. ], & Li, Q. (2010). Genetic
relationships of Codiaeum wvariegatum cultivars
analyzed by amplified fragment length
polymorphism markers. HortScience, 45(6), 868-874.
https:/ /doi.org/10.21273 /HORTSCI.45.6.868

Devecchi, M. F., Pirani, J. R., & Melo-de-Pinna, G. F. D.
A. (2014). Comparative leaf anatomy and
morphology of some Brazilian species of Crotalaria
L. (Leguminosae: Papilionoideae: Crotalarieae).
Acta Botanica Brasilica, 28(4), 583-593.
http:/ /dx.doi.org/10.1590/0102-33062014abb3517

El-Tony, F. E. (2023). Phylogenetic relationship among
different cultivars of croton (Codiaeum variegatum
(L.) a. juss.) using molecular markers. Scientific
Journal of Horticultural Research, 1(4), 61-80.
https:/ /doi.org/10.21608/sjhr.2024.252660.1001

Faturrahman, M. A., Fadhilah, A., Nufitasari, Filza, I. A.,
& Fajri, H. (2023). Inventarisasi varietas tanaman
puring (Codiaeum wvariegatum (L.) Rumph. ex A.
Juss.) di Desa Jeruju Besar Kecamatan Sungai
Kakap Kabupaten Kubu Raya. Bioscientist: Jurnal
Ilmiah Biologi, 11(2), 1818-1832.
https://doi.org/10.33394 /bioscientist.v11i2.9425

Forero, J. E., Avila, L., Taborda, N., Tabares, P., Lépez,
A., Torres, E., Quiniones, W., Bucio, M. A., Mora-
Pérez, Y., Rugeles, M. T., Joseph-Nathan, P., &
Echeverri, F. (2008). In vitro anti-influenza
screening of several Euphorbiaceae species:

3516


https://iopscience.iop.org/article/10.1088/1755-1315/259/1/012006
https://doi.org/10.22146/veg.9279
https://doi.org/10.22146/ipas.40899
https://doi.org/10.1016/j.cub.2016.02.033
https://doi.org/10.21273/HORTSCI.45.6.868
http://dx.doi.org/10.1590/0102-33062014abb3517
https://doi.org/10.33394/bioscientist.v11i2.9425

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Structure of a bioactive Cyanoglucoside from
Codiaeum variegatum. Phytochemistry, 69(16), 2815~
2819.
https:/ /doi.org/10.1016/j.phytochem.2008.09.003
Franceschi, V. R., & Horner, H. T. (1980). Calcium
oxalate crystals in plants. The Botanical Review, 46,
361-427. https:/ /doi.org/10.1007 /BF02860532
Hanley, M. E., Lamont, B. B., Fairbanks, M. M., &
Rafferty, C. M. (2007). Plant Structural traits and
their role in anti-herbivore defence. Perspectives in
Plant Ecology, Evolution and Systematics, 8(4), 157-
178. https:/ /doi.org/10.1016/j.ppees.2007.01.001
Holloway-Phillips, M. (2019). [Nluminating
photosynthesis in the mesophyll of diverse leaves.
Plant Physiology, 180(3), 1256-1258.
https://doi.org/10.1104/pp.19.00592
Konyar, S. T, Orztiirk, N., & Dane, F. (2014). Occurance,
types and distribution of calcium oxalate crystals in
leaves and stems of some species of poisonous
plants. Botanical Studies, 55, 32.
https://doi.org/10.1186,/1999-3110-55-32
Labu, Z. K, Laboni, F. R, Mamini, M. M. A, &
Howlader, M. S. L. (2015). Antidiarrhoeal activity
and total tannin content of ethanolic leaf extract of
Codiaeum variegatum. Dhaka University Journal of
Pharmaceutical Sciences, 14(1), 87-90.
http:/ /dx.doi.org/10.3329/ dujps.v14i1.23740
Lawal, O. A., Ogunwande, 1. A., Gbetoyon, F. S., Kasali,
A. A, & Opoku, A. R. (2018). Chemical
Composition and Insecticidal Activity of Essential
Oils of Four Varieties of Codiaeum variegatum (L.)
from Nigeria. Journal of Essential Oil Bearing Plants,
21(3), 840-847.
https:/ /doi.org/10.1080/0972060X.2017.1422440
Mollick, A. S., & Yamasaki, H. (2012). Phenotypic
variations in croton Codiaeum variegatum (L.) Blume
characterized by digital image-based procedure.
Acta Horticultura, 937, 393-400.
https:/ /doi.org/10.17660/ ActaHortic.2012.937.48
Mollick, A. S., Shimoji, H., Denda, T., Yokota, M., &
Yamasaki, H. (2011). Croton Codiaeum variegatum
(L) Blume cultivars characterized by leaf
phenotypic parameters. Scientia Horticulturae, 132,
71-79.
https:/ /doi.org/10.1016/j.scienta.2011.09.038
Njoya, E. M., Fewou, P. M., & Niedermeyer, T. H. (2021).
Codiaeum variegatum (L.) Rumph. ex A. Juss.
(Euphorbiaceae): An overview of its botanical
diversity, traditional uses, phytochemistry,
pharmacological effects and perspectives towards
developing its plant-based products. Journal of
Ethnopharmacology, 277, 114244.
https:/ /doi.org/10.1016/j.jep.2021.114244
Ogunwenmo, K. O., Idowu, O. A., Innocent, C., Esan, E.
B., & Oyelana, O. A. (2007). Cultivars of Codiaeum

June 2024, Volume 10, Issue 6, 3511-3518

variegatum (L.) Blume (Euphorbiaceae) show
variability in phytochemical and cytological
characteristics. African Journal of Biotechnology, 6(20),
2400-2405. https:/ /doi.org/10.5897 / AJB2007.000-
2376

Parkhurst, D. F., & Loucks, O. L. (1972). Optimal leaf size
in relation to environment. Journal of Ecology, 60(2),
505-537. http:/ /dx.doi.org/10.2307 /2258359

Piazza, P., Bailey, C. D., Cartolano, M., Krieger, J., Cao,
J., Ossowski, S., Schneeberger, K., He, F., de Meaux,
J., Hall, N., MacLeod, N., Filatov, D., Hay, A., &
Tsiantis, M. (2010). Arabidopsis thaliana leaf form
evolved via loss of KNOX expression in leaves in
association with a selective sweep. Current Biology,
20(24), 2223-2228.
https://doi.org/10.1016/j.cub.2010.11.037

Pechangou, S. N., Enang, B. E., Ngohoba, V. S,, Njoya, E.
M., Njayou, F. N., & Moundipa, P. F. (2023). Crude
extracts of Codiaeum variegatum stem exhibit
potent antioxidant and anti-inflammatory activities
in vitro. Journal of Exploratory Research in
Pharmacology, 8(1), 25-35.
https:/ /doi.org/10.14218 /JERP.2022.00039.

POWO. (2022). Codiaeum variegatum (L.) Rumph. ex A.
Juss. Retrieved from
https:/ /powo.science. kew.org/taxon/urn:lsid:ipn
i.org:names:85073-3

Pritchard, A. (2003). Introduction to the Euphorbiaceae.
Long Prairie: Cactus & Company.

Prychid, C. J.,, & Rudall, P. J. (1999). Calcium oxalate
crystals in monocotyledons: A review of their
structure and systematics. Annals of Botany, 84(6),
725-739. https:/ /doi.org/10.1006/anbo.1999.0975

Rampe, H. L., Umboh, S. D., Siahaan, R., & Maabuat, P.
V. (2019). Anatomical characteristics of stomata,
mesophyll and petiole of six varieties sweet
potatoes (Ipomoea batatas L.) after organic fertilizer
induction. IOP Conference Series: Materials Science

and Engineering, 567, 012044.
https://doi.org/10.1088/1757-
899X/567/1/012044

Rupali, T., Chavan, S, & Pandhure, N. (2012).

Occurrence of chloride enriched calcium oxalate
crystal in Cissus quadrangularis Linn. International
Journal of Pharmacy, 2(2), 337-340. Retrieved from
https:/ /rb.gy/uspnha

Samiyarsih, S., Naipospos, N., & Palupi, D. (2019).
Variability of Catharanthus roseus based on
morphological and anatomical characters, and
chlorophyll contents. Biodiversitas  Journal —of
Biological Diversity, 20(10), 2986-2993.
https:/ /doi.org/10.13057 /biodiv/d201029

Sass, J. E. (1951). Botanical microtechique, second edition.
Ames: The lowa State College Press.

3517


https://doi.org/10.1016/j.phytochem.2008.09.003
https://doi.org/10.1007/BF02860532
https://doi.org/10.1016/j.ppees.2007.01.001
https://doi.org/10.1104/pp.19.00592
https://doi.org/10.1186/1999-3110-55-32
http://dx.doi.org/10.3329/dujps.v14i1.23740
https://doi.org/10.17660/ActaHortic.2012.937.48
https://doi.org/10.1016/j.scienta.2011.09.038
https://doi.org/10.5897/AJB2007.000-2376
https://doi.org/10.5897/AJB2007.000-2376
http://dx.doi.org/10.2307/2258359
https://doi.org/10.1016/j.cub.2010.11.037
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:85073-3
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:85073-3
https://doi.org/10.1006/anbo.1999.0975
https://doi.org/10.1088/1757-899X/567/1/012044
https://doi.org/10.1088/1757-899X/567/1/012044
https://doi.org/10.13057/biodiv/d201029

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Sicard, A., Thamm, A., Marona, C., Lee, Y. W., Wahl, V.,
Stinchcombe, J. R, Wright, S. 1., Kappel, C., &
Lenhard, M. (2014). Repeated evolutionary changes
of leaf morphology caused by mutations to a
homeobox gene. Current Biology, 24(16), 1880-1886.
https:/ /doi.org/10.1016/j.cub.2014.06.061

Sulistiana, S., & Setijorini, L. E. (2015). Kemampuan
penyerapan timbal (Pb) pada beberapa kultivar
tanaman puring (Codiceum variegatum). Jurnal
Matematika Sains dan Teknologi (JMST), 16(1), 10-17.
https:/ /doi.org/10.33830/jmst.v16i1.219.2015

Tilney, P. M., Kok, P. D. F., & van Wyk, A. E. (1990). The
taxonomic significance of anatomical characters of
the leaf in the southern African species of Canthium
s.l. (Rubiaceae). South African Journal of Botany,
56(3), 363-382. https://doi.org/10.1016/50254-
6299(16)31066-3

Tripathi, S. N., Sahney, M., Tripathi, A., Pandey, P.,
Jatav, H. S.,, Minkina, T., & Rajput, V. D. (2023).
Elucidating the anatomical features, adaptive and
ecological significance of Kopsia fruticosa Roxb.
(Apocynaceae). Horticulturae, 9(3), 387.
https:/ /doi.org/10.3390/ horticulturae9030387

Vlad, D., Kierzkowski, D., Rast, M. 1., Vuolo, F., Ioio, R.
D., Galinha, C., Gan, X., Hajheidari, M., Hay, A.,
Smith, R. S., Huijser, P., Bailey, C. D., & Tsiantis, M.
(2014). Leaf shape evolution through duplication,
regulatory diversification, and loss of a homeobox
gene. Science, 343(6172), 780-783.
https://doi.org/10.1126 / science.1248384

Webster, G. L. (1994). C(lassification of the
Euphorbiaceae. Annals of the Missouri Botanical
Garden, 81(1), 3-32.
https:/ /doi.org/10.2307 /2399908

Widyaningsih, R. (2015). Keanekaragaman morfologi
puring (Codiaeum variegatum (L.) Blume) di kampus
Institut Pertanian Bogor, Dramaga (Undergraduate
thesis). IPB  University.  Retrieved  from
https:/ /repository.ipb.ac.id /handle/123456789/7
5018

June 2024, Volume 10, Issue 6, 3511-3518

3518


https://doi.org/10.1016/j.cub.2014.06.061
https://doi.org/10.33830/jmst.v16i1.219.2015
https://doi.org/10.3390/horticulturae9030387
https://doi.org/10.1126/science.1248384
https://doi.org/10.2307/2399908
https://repository.ipb.ac.id/handle/123456789/75018
https://repository.ipb.ac.id/handle/123456789/75018

