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Abstract. Lestari DA, Fiqa AP, Abywijaya IK. 2021. Leaf morphological traits of Orophea spp. (Annonaceae): Living collections of 

Purwodadi Botanic Gardens, East Java, Indonesia. Biodiversitas 22: 3403-3411. Orophea (Annonaceae) have various benefits and play 

important roles in lowland forest structures. Due to their importance, various Orophea species currently require identification for 

research and conservation purposes. One of many important variables for such purpose is leaf morphometrical features. This study 

aimed to investigate leaf morphometrical variations, measure morphometrical similarities, and identify determinant morphometrical 

traits for species identification in Orophea spp. As many as 23 living plant specimens of Orophea spp. cultivated in Purwodadi Botanic 

Gardens (belongs to 4 species: Orophea celebica, O. chlorantha, O. enneandra, O. hexandra and an unidentified Orophea sp.) were 

observed. Twelve measured leaf morphometrical traits in this study were leaf length and width, petiole length, distance from leaf base to 

the widest part of the leaf, number of secondary veins, apex and base shape, leaf area, length of leaf margin, length to width ratio, leaf 

roundness and slimness indices. Data were analyzed using multiple one-way ANOVA, Hierarchical Cluster and Principal Component 

Analyses from within R. The results highlighted that O. hexandra was the most distinguishable species with number of secondary veins, 

length to width ratio, and leaf slimness as the most distinct characters. The unidentified species of Orophea sp. exhibited 

morphometrical characters similar to O. chlorantha. No distinct leaf morphometrical traits were able to be identified as determinant 

characters to each species. Thus, suggesting leaf morphological traits analyses to be used only as a supporting component for plant 

identification, while still paying attention to the plant’s generative characters. 
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INTRODUCTION 

Annonaceae is one of many prominent families 

constituting plant communities in tropical lowland 

ecosystems. Some of its species have been characterizing 

vegetation structures in lowland forests in Sempu Island 

(Rindyastuti et al. 2018), Alas Purwo National Park 

(Darmayanti et al. 2020), and forest areas in East 

Kalimantan (Fiqa et al. 2019). In addition to their 

ecological importance, many Annonaceae species have 

long been recorded to provide edible fruits, biomaterials for 

medicines, spices, essential oils, and to be cultivated as 

ornamental plants (Fournier et al. 1999; Chatrou et al. 

2012; Frausin et al. 2014; Handayani 2018). Due to their 

various benefits, species identifications in Annonaceae is 

pivotal to support conservation and further research on 

their potential uses. 

Purwodadi Botanic Gardens (PBG), as an ex-situ plant 

conservation institution, has been conserving plant species, 

collected from various lowland ecosystems in Indonesia, 

including many species of Annonaceae. Most of the living 

specimens have been identified up to species level, but 

some have yet to be identified. So far, the process of 

identifying species names of Annonaceae has significantly 

relied on the presence of generative organs, i.e. flowers and 

fruits (Couvreur et al. 2012; Chatrou et al. 2012). 

Meanwhile, the majority of Annonaceae living collections 

in PBG have exhibited evident seasonality in their 

flowering and fruiting time, and some other specimens 

have yet to display any of their generative characters (see 

Lestari and Sofiah 2015; Lestari 2019; Lestari and Fiqa 

2020 for details). These issues have led to many difficulties 

in identifying species in Annonaceae. 

Plant phenological cycle includes two phases of plant 

growth and development, namely generative and vegetative 

phases. One of many vegetative features that can be 

potential for species identification is leaf morphology. 

Leaves, along with their varying characteristics, play 

essential roles in plant growth and development. Leaves are 

also very adaptive to changes in the plant's surrounding 

environments. Plant adaptability can be investigated 

through their leaf morphological traits and variations 

(Rodriguez et al. 2016; Bijarpasi et al. 2019; Alcantara-

Ayala et al. 2020).  

Leaf morphological characteristics have been 

commonly used in systematic studies to distinguish 

different species of the same taxonomic group (Ye et al. 

2020). Ideally, plant species identification requires 

information on some generative characters. In the presence 

of only vegetative characters, difficulties in identifying 

plant species may arise. By using appropriate statistical 

tools, the collected information on plant’s vegetative 

characters can be used to distinguish species or any 

taxonomic group. 



 BIODIVERSITAS  22 (6): 3403-3411, June 2021 

 

3404 

One of several Annonaceae genera in PBG whose all 

living specimens are yet to be identified up to species level 

is Orophea. This genus belongs to the Miliuseae tribe, the 

sub-tribe of Malmeoideae. Despite those substantial 

benefits, species identification in Orophea through 

morphological observations often relies significantly on the 

presence of flowers (Keβler 1988; Keβler 1990), in which 

the inner petals possess connate characteristics and a wide 

variation of glands (Lestari 2011; Lestari et al. 2017). 

Contrary, little was known about the characteristics of 

vegetative features in Orophea, such as leaves, due to 

morphological similarities among its species. However, 

leaves can be abundantly available through time and may 

provide determinant characteristics of species identity 

(Rosdayanti et al. 2019). Thus, studying variations in leaf 

morphological characteristics may provide valuable 

insights about species identification in Orophea.  

This study aimed to (i) investigate leaf morphometrical 

variations in the living specimens of Orophea spp. 

cultivated in PBG; (ii) investigate leaf morphometrical 

similarities among specimens and among species to 

identify which species could the unidentified specimens of 

Orophea sp. closely similar to; and (iii) identify leaf 

morphometrical variables that could be the most significant 

for species identification in Orophea. Results from this 

study were hoped to facilitate reliable species 

identifications in PBG to further support conservation, 

environmental education, and potential future research. 

Furthermore, this study may also be used as a reference to 

identify living or herbarium specimens of Orophea spp. 

that are yet to be identified. 

MATERIALS AND METHODS 

Study area 

This research was conducted in March-May 2020 in the 

garden’s section of Orophea living collections cultivated 

ex-situ in Purwodadi Botanic Gardens-LIPI, Pasuruan, East 

Java. Four Orophea species were observed as the study 

materials; namely O. celebica, O. chlorantha, O. 

enneandra, O. hexandra, and an unidentified species, 

namely Orophea sp. The observed plants for each species 

were 1 specimen (O. celebica), 8 specimens (O. 

enneandra), 2 specimens (O. hexandra), 9 specimens (O. 

chlorantha), and 3 specimens (Orophea sp.) from four 

management blocks (i.e., XVIII.C., XVIII.D., XVIII.E. and 

XIX.B.I (Figures 1 and 2; Table 1)). 

Procedures 

Plant materials used were mature leaves in perfect 

condition (having no hole nor any deformed part). For each 

specimen, five leaves were sampled incorporating petiole 

and lamina of the leaf (Lestari and Hikmah 2012). A total 

of twelve leaf morphological variables were observed and 

measured (Table 2). Nine variables were observed and 

measured directly, while three others were derived from a 

calculation. The three derived measures (i.e., length to 

width ratio, roundness, and slimness) referred to previous 

research of Wu et al. (2007) and Varsamis et al. (2020) 

with few modifications. A chart of the measured variables 

is shown in Figure 3. 

Data analysis 

Variations in leaf morphometries were analysed using 

multiple one-way ANOVA and Tukey’s significant 

difference test. Morphometrical similarities between 

specimens and between species were analyzed using 

Hierarchical Cluster Analyses with Euclidian distances and 

the average linkage method. Determinant morphometrical 

variables to each Orophea species were investigated using 

Principal Component Analysis (PCA). For the last two 

multivariate analyses, all variables were standardized to 

have a mean of zero and a standard deviation of one (Z 

scores). All analyses in this study were run from within R 

program ver. 4.05 (R Core team 2021). 

 
 

 
 
Figure 1. Study area in Purwodadi Botanic Gardens, Pasuruan, East Java, Indonesia (red circle symbol is observation location) 
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Figure 2. Leaves illustration of Orophea spp. in Purwodadi Botanic Gardens, East Java, Indonesia; A. Orophea celebica, B. Orophea 

chlorantha, C. Orophea enneandra, D. Orophea hexandra and E. Orophea sp. (drawn by APF) 

 

 

Table 1. Plant materials of Orophea spp. 

 

Species Location Origin 

Orophea celebica (Blume) Zoll. XVIII.D.4 Buru Island, Moluccas 

Orophea enneandra Blume XVIII.C.25-a Meru Betiri National Park, East Java 

XVIII.C.26 Malang, East Java 

XVIII.C.76 Sempu Island, East Java 

XVIII.C.77 Sempu Island, East Java 

XVIII.E.3 Lumajang, East Java 

XIX.B.I.93-a Bawean Island, East Java 

Orophea hexandra Blume XVIII.E.8-a Banyuwangi, East Java 

Orophea chlorantha P.J.A. Kessler XVIII.E.43-a Baluran National Park, East Java 

XVIII.E.44-abc Baluran National Park, East Java 

XIX.B.I.62-ab Alas Purwo National Park, East Java 

Orophea sp. XVIII.E.64-ab Lejja Nature Tourism Park, South Sulawesi 

 

 

Table 2. Twelve leaf morphometrical variables observed in this study 

 

Abbr. Variables Data collection 

Lgth Leaf length (direct measurement) 

Wdth Leaf width (direct measurement) 

Ptle Petiole length (direct measurement) 

Bs-Wd Distance from leaf base to the widest part of the leaf (direct measurement) 

Vein Number of secondary veins (direct count) 

Area Leaf area (direct measurement) 

Mrgn Length of leaf margin (direct measurement) 

L:W Ratio of leaf length to leaf width = Lgth / Wdth 

Round Roundness; 

(a measure of how round the leaf shape is) 

= (4 × π × Area) / (Mrgn) 2 

(*L/W value of equal one means a perfect round shape) 

Slim Slimness; 

(a measure of how slender the leaf shape is) 

= Mrgn / Wdth 

(*higher values indicate long and slender leaves) 

Apex 

Base 

Apex shape 

Base shape 

Tip shape scoring: 

(*the higher the score, the pointier the leaf tip is) 

1 = rounded 

2 = cuneate 

3 = acute  

4 = asymmetric 

5 = acuminate 

 

(wedge-shaped) 

(sharp) 

(irregular) 

(long-tapering) 

A B C 

D E 
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Figure 3. The measured variables of leaf morphological traits of 

Orophea spp. 

RESULTS AND DISCUSSION 

Variations in twelve leaf morphometrical traits of 

Orophea spp. 

The multiple one-way ANOVA and Tukey’s test results 

informed varying morphometrical characters in Orophea’s 

leaves (Figure 4). All five species were observed to be not 

significantly different in leaf length (Lgth), area (Area), and 

base to the widest part distance (Bs-Wd). Meanwhile, four 

other characters, i.e. base shape (Base), length to width 

ratio (L:W), roundness (Round) and slimness (Slim) 

indices, showed only one significantly different species in 

each of these morphometries. There were no substantially 

distinct species, except for O. hexandra that exhibited 

significantly different morphometries in length to width 

ratio (L:W), roundness (Round), slimness (Slim), and 

number of secondary veins (Vein) than the rest of the 

species. 

Grouping of Orophea specimens and species based on 

morphometrical similarities 

Heatmap hierarchical clustering revealed three groups 

on both specimens and leaf morphometrical traits that 

determined the grouping of Orophea specimens (Figure 5). 

The first group of leaf traits comprised of base shape 

(Base) and roundness (Round). The second group 

comprised of petiole length (Ptle), leaf width (Wdth), 

distance from base to the widest part of the leaf (Bs-Wd), 

leaf area (Area), leaf length (Lgth) and length of leaf 

margin (Mrgn), while the third group comprised of apex 

shape (Apex), number of secondary veins (Vein), length to 

width ratio (L:W), and slimness (Slim). 

The hierarchical clustering of Orophea also highlighted 

three groups of specimens. The first specimen group is the 

largest cluster comprised of twelve specimens that 

belonged to four species (O. celebica, O. enneandra, O. 

chlorantha and Orophea sp.). This cluster of specimens 

possessed substantially smaller sizes of the second leaf 

traits group (Ptle, Wdth, Bs-Wd, Area, Lgth, and Mrgn) but 

average to small sizes in other traits. The second-largest 

group was the third cluster that comprised nine specimens 

(belonged to two species, namely O. enneandra and O. 

chlorantha). These specimens possessed substantially larger 

sizes of the second leaf traits group and large to average 

sizes in other traits. The heatmap plot clearly distinguished 

two specimens of O. hexandra from all other specimens in 

the second specimen cluster. This result suggests that O. 

hexandra might possess distinct leaf morphometrical 

characters from the four other Orophea species.  

On the other hand, hierarchical cluster analysis of 

Orophea species based on leaf morphometrical traits 

revealed different clustering of leaf traits that determined 

species similarity. The heatmap plot distinguished O. 

celebica to be different from other species, indicated by its 

smallest size in most leaf morphometrical traits but average 

in only leaf roundness (Figure 6). The second most 

distinguishable species was O. hexandra, which leaf 

secondary veins, length to width ratio, and slimness were 

the highest among all. On the contrary, the heatmap 

clustering distinguished O. enneandra by its comparatively 

large leaf area, long margin, width, length, distance from 

base to the widest part of the leaf, and also sharp leaf base 

and apex. The hierarchical clustering of Orophea species 

highlighted the unidentified Orophea sp. to be closest to O. 

clorantha based on their leaf morphometrical similarity. 

Determinant leaf morphometrical traits for species 

identification in Orophea spp. 

Five morphometrical traits were omitted from the PCA 

to avoid multicollinearity among variables. Leaf roundness 

and slimness were excluded due to their high correlation 

with length to width ratio. Leaf area, margin, and distance 

from base to widest part were also excluded from the 

analysis due to their high correlation with leaf length and 

width. Seven leaf morphometrical traits that were 

independent of each other were then analyzed using PCA 

(Figure 7). Despite its relatively high R2correlation 

coefficient, the variable of leaf length was still retained for 

the PCA due to its morphological significance in plant 

species generally. The Principal Component Analysis 

failed to discriminate five Orophea species using seven 

independent leaf morphometrical characters (Figure 8), due 

to their remarkably high morphometrical variations. It was 

also difficult to identify which morphometrical character 

was determinant to which species identity from the PCA 

biplot (Figure 8.A). There was a small remark to the O. 

hexandra which morphometrical variations seemed to be 

correlated with leaf apex shape and length to width ratio of 

the leaf, similar to Tukey’s test and Heatmap clustering 

results. However, all species generally had a substantial 

proportion of their data points scattered towards the 

opposite directions of all morphometrical trait arrows. 

There were seven PCs that resulted from the Principal 

Component Analysis, with the first and second PCs 

explained 60.80 % of variances in the data altogether 

(Figure 8). 
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Figure 4. Box plots of twelve leaf morphometrical traits of Orophea spp. in Purwodadi Botanic Gardens, East Java, Indonesia; lower 

and upper whiskers indicate Q1 and Q4, while lower and upper colored bars indicate Q2 and Q3, horizontal lines in the bars denote 

median and black points indicate outliers; letters: a, ab, b, c denote Tukey's test results, in which species sharing the same letter don't 

have significantly different leaf morphometry 

 

 

 
 

Figure 5. Heatmap hierarchical clustering of 23 Orophea specimens and twelve leaf morphometrical characters 
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Figure 6. Heatmap hierarchical clustering of 5 Orophea species and twelve leaf morphometrical characters 

 

 

 
 

Figure 7. Pairwise correlation plots of seven independent leaf morphometrical parameters for PCA; lower panel indicates each pair of 

leaf traits’ scatter plots with red lines denote local polynomial regressions using Locally Weight Scatter plot Smoothing (LOWESS); 

diagonal panel indicates each leaf trait’s density bar plot; upper panel indicates R2 of Pearson correlation coefficient with font size 

scaled to the R2 value in the upper text and p-value of statistical significance in the lower text.  
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A 

 
B 

 
C 

 

Figure 8. PCA results; A) PCA biplot containing information on loadings (leaf morphometrical traits arrow) and scores (data points 

with colors representing each Orophea species), ellipses explain 68% probability of normal data distribution, all data were standardized; 

B) Scree plot of eigenvalue denoting the explained variance of each Principal Component (PC); C) Line plot indicating the cumulative 

proportion of explained variances of each PC. 

 

 

 

Discussion 

Many species of Orophea possess ecological 

significance (Wardah et al. 2012) as well as remarkable 

medicinal properties (Lorenzo et al. 2020) and great 

potentials as ornamental plants (Hidayat and Kurnita 2018). 

Thus, species identification of Orophea in PBG is crucial 

for their conservation and further research. Heatmap 

hierarchical clustering from this study highlighted the 

unidentified Orophea sp. to be closest to O. chlorantha 

based on all twelve leaf morphometrical characters. 

However, this result does not necessarily mean both of 

them to be the same species. Further investigation might be 

required. 

The heatmap clustering also revealed that O. celebica 

exhibited distinguish morphometrical characteristics from 

other species (Figures 6, 8.A), although the number of 

samples observed was relatively small. The distinct 

characters of O. celebica could be resulted from habitat 

unsuitability, since the specimens were collected from 

Moluccas, while most Orophea specimens originated from 

East Java. Variations in leaf morphological traits were also 

known to be influenced by habitat (Sun et al. 2016). In 

some taxa, one species can be distinguished from the others 

based on variations in leaf morphology alone, one of which 

is the genus of Uvaria (Meade and Parnell 2003). 

However, due to the high leaf variation in the genus of 

Orophea, it is difficult to identify up to species level. The 

limited number of specimens collected in PBG also 

generated some obstacles, such as limiting the observable 

samples.  

Quantitative measurements of leaf morphological 

characters through the traditional morphometric approach 

have been known to be useful for grouping and 

distinguishing different plant species (Patil and Bhagat 

2016), with a certain confidence level. This approach can 

be an effective method and also statistically powerful 

(Viscosi and Cardini 2011). Quantitative measures of 

plant’s vegetative characters, combined with multivariate 

statistical analyses, can be a useful tool for grouping 

specific plant taxa (Jin et al. 2015, Jimenez-Mejias et al. 

2017; Chuanromance et al. 2019). However, results from 

this study suggest that those findings were not entirely 

applicable for Orophea spp. 

The PCA results of this study (Figure 8.A) failed to 

confidently discriminate five Orophea species due to their 

high variability in leaf morphometries. The majority of all 

five species data points were scattered towards the opposite 

directions of leaf morphometrical variable arrows, 

suggesting the possibility of factors determinant for species 

identification other than leaf morphometries exist. Such 

factor could be the plant’s generative features, since plant 

species identification generally requires both vegetative 

and generative characters to be present. This study 

highlighted the importance of those generative characters 
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in the identification of Orophea spp., except for O. 

hexandra which leaf morphometries were distinguishable 

through statistical multivariate analyses. The leaves of O. 

hexandra were recorded to exhibit elongated or oval leaf 

shapes, rounded or wedge-shaped leaf base, tapered leaf 

apex, with 7 to 9 pairs of secondary leaf veins, and a leaf 

length of 4-22 cm, with 2-8 cm in width (Kessler 1988; van 

Steenis 2006). Nevertheless, identification of Orophea spp. 

still requires generative characters such as flowers and 

stamen (Turner 2018), while the vegetative characters can 

be a supporting component in the identification process. 

The leaf qualitative morphological characters could also 

be an important factor for species identification in Orophea 

spp., other than their generative characters. Thus, 

classifying species using leaf morphometrical traits only, 

might not be sufficient, unless other qualitative leaf traits 

such as leaf colors and textures were also incorporated 

(Caglayan et al. 2013). The leaf color spectrum, for 

instance, can be functional to distinguish different families 

or different species within a family (Bahrami and 

Mobasheri 2020). In the case of Asian Uvaria 

(Annonaceae) species, discriminant analyses using patterns 

in leaf shapes only yielded low classification accuracy 

(Meade and Parnell 2003). Since leaves from different 

plants usually exhibit different or unique features (e.g., 

shape, vein patterns, texture, color, and margin), plant 

identification should incorporate these other useful traits as 

well (Agrawal et al. 2018).  

Many studies on leaf morphology of Annonaceae were 

aimed to re-classifying the taxonomic group. Chatrou’s 

(1997) using leaf shape characters for elucidating 

taxonomic relationships in Annonaceae. In that study, the 

characters of length to width ratio and base shape were the 

two most important characters to cluster the group. In 

another different case, the leaf length and apex shape could 

discriminate the species of Annona reticulata in Colombia 

(Castaneda-Garzon et al. 2016). However, general 

descriptions of leaf morphology especially for venation 

patterns and anatomy of annonaceous leaf type were still 

considered poorly described (van Setten and Koek-

Noorman 1992).  

Basically, research on species identification using leaf 

morphology is still considered rare, although leaves are 

relatively abundant through time (Krieger 2010; Lu et al. 

2012). This study highlighted the functionality of leaf 

morphometrical traits combined with appropriate statistical 

tools for investigating variations, measuring similarity, and 

distinguishing patterns in leaf morphometries of Orophea 

spp. Seven leaf morphometrical traits (i.e., leaf length, leaf 

width, petiole length, number of secondary leaf veins, apex 

and base shape, and leaf length to width ratio) were 

considerably independent to each other. Those seven leaf 

traits, which were mostly from direct observation and 

measurements, reflected the leaf parameters commonly 

used in conventional plant taxonomy. Based on this study, 

leaf morphometrical analyses can still be a potential 

component to support identification of Orophea species 

using plant’s generative features and any available 

qualitative leaf morphological characters. 
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