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Abstract. Ariawan I, Herdiyeni Y, Siregar IZ. 2020. Short Communication: Geometric morphometric analysis of leaves venation in 
Shorea spp. for identification using Digital Image Processing. Biodiversitas 21: 3303-3309. Shorea is one of the genera of the 
Dipterocarpaceae family which consists of more than 190 species. Massive exploitation of forests has threatened the sustainability of 
Shorea in nature. A total of 156 species has been listed on the IUCN (International Union for Conservation of Nature) red list. From the 
156 species, 59.6% are in the critically endangered category, so urgent conservation is needed. However, during collection of Shorea at 

the seedling phase for conservation  purposes, it is often difficult to distinguish among them that can cause errors in their collection 
process. To avoid these errors, identification needs to be done, usually based on plant  leaf and flower  morphology. Leaves are easier 
because they have the main features that distinguish each plant species, one of which is the venation structure. Geometric morphometric 
techniques are a modern approach recognized as useful for the identification of species in many plants. Geometric morphometrics 
analyzes the position of the venation point using coordinate geometry values. This research was aimed to extract venation features of 
Shorea leaves using a geometric morphometric approach. The extraction process result in some features, such as straightness, different 
angle, length ratio, scale projection, and secondary nerves. On extracted features, an analysis was then performed to find out the best 
features in classifying species of Shorea spp. The results of this study indicated that the geometric morphometric approach could extract 

the value of the features of straightness, different angle, length ratio, scale projection, and secondary nerves. The secondary nerve 
feature is the best feature because it can distinguish between fourcommonly planted species of Shorea spp. (S. acuminata, S. leprosula, 
S. ovalis, and S. selanica). By using the support vector machine classification technique to identify species of Shorea spp., the 
classification results obtained an average accuracy of 84.46%. 
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INTRODUCTION 

Shorea is one of the genera of the Dipterocarpaceae 

family which consists of 194 species that grow in the 

tropics and spread from Borneo, Thailand, Malaysia, to 

Sumatra (Newman et al. 1999; Cao et al. 2006). Massive 

forest exploitation has threatened the preservation of 

Shorea in nature (Eni et al. 2018). According to the IUCN 

(International Union for Conservation of Nature) of 194 

Shorea species 156 species have been listed on the IUCN 

red list where 59.6% are in the critically endangered and 

25% in the endangered category.  
Ex-situ conservation is one of the effective strategies to 

save plants from extinction (Dodo and Wawangningrum 

2018). The type of planting stock that allows it to be 

carried or moved is uprooted wildlings (Bastoni 2005). 

However, during the collection process, the seedling phase 

of Shorea species are often difficult to be distinguished and 

identified from each other so that errors in the collection 

might result in unexpected Shorea species. To avoid this 

error, careful identification needs to be carried out. The 

identification process can be done using plant morphology 

(Ambarwari et al. 2018). Plant morphology is the study of 

the physical form and body structure of plants (Raven et al. 

2005). One part of the plant that is easily found and has 

different characteristics between one plant and another and 

is often used to identify plant species is leaves (Le et al. 

2014). Leaves have the main features that distinguish each 

type of plant, including features of shape, venation 

structure, color, and leaf surface condition (Rahmadani and 

Herdiyeni 2010). Among the features, leaf venation has a 

unique diversity that can describe plant characteristics in 

more detail, although some plant species do not exhibit 

clear patterns of venation (Wahyumianto et al. 2011). 
Besides, leaf venation also has a consistent pattern that 

genetically determined (Roth-Nebelsick et al. 2001).  

Geometric morphometric techniques are a modern 

approach recognized as useful for the identification of 

species in many plants (Viscosi and Cardini 2011). 

Geometric morphometrics analyze the position of the 

venation point using coordinate geometry values. This 

method has been successfully used to explain passion fruit 

leaves (Plotze and Bruno 2009), venation type of medicinal 

plants (Salima et al. 2015; Ambarwari et al. 2018), leaf 

variations in Passiflora (Chitwood and Otoni 2017), and 
olive tree varieties (Bourgeon et al. 2017). This method has 
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also been successfully applied in the identification of 

among and different types of cereal grains (Bonhomme et 

al. 2017), to distinguish dental morphology among 

domestic equids (Chuang and Bonhomme 2018), 

identification the types of flies in the cocoon phase 

(Chaiphongpachara and Tubsamut 2019), and fish diversity 

in the North Sea (Caillon et al. 2018). Despite available 

manuals for identification of dipterocarps, deeper 

information on leaf venation of four selected Shorea 

species is still required to support morphology 
identification. Therefore, this study was carried out with 

aims to extract venation features of Shorea leaves using a 

morphometric geometric approach. The feature extraction 

process results in some features, such as straightness, 

different angles, length ratio, scale projection, and 

secondary nerves. On extracted features, an analysis is then 

performed to find out the best features in classifying 

Shorea spp species. 

MATERIALS AND METHODS 

Plant materials 

Shorea is one of Indonesia's primary wood producing 
forest trees and is an important commodity. As a family of 

Dipterocarpaceae, Shorea dominates lowland rainforest in 

western Indonesia and is the most important genus that is 

most exploited in the Asian wet forest region. The average 

size of growth of each Shorea takes more than 30 years to 

obtain a diameter of 30 cm (Newman et al. 1999). The 

Shorea species  used in this study were S. acuminata, S. 

leprosula, S. ovalis, and S. selanica with leaf characteristics 

as described by Newman et al (1996). 

Shorea acuminata 

Leaves elliptical, total of secondary nerves 8 - 13 pairs 

(Newman et al. 1996), Primary nerves length 9-11.5cm, 

length of secondary nerves 1.5-2.5cm, distance of 

secondary nerves 2.5-3 cm, upper angle 61-65 ,̊ middle 

angle 64-69 ̊, and bottom angle 66-68 .̊ 

Shorea leprosula 

Leaves oblong or oblong-lanceolate, total of secondary 
nerves 10-15 pairs (Newman et al. 1996), length of primary 

nerves 14.5-17 cm, length of secondary nerves 2.5-3.5 cm, 

distance of secondary nerves 3.5-5cm, upper angle 42-50 ̊, 

middle angle 55-61 ̊, and bottom angle 60-65 .̊ 

Shorea ovalis 

Leaves oblong, elliptical or obovate, total of secondary 

nerves 17 - 24 pairs (Newman et al. 1996), length of 

primary nerves 14-18.5 cm, length of secondary nerves 2.5-

3cm, distance of secondary nerves 3.5-4.5cm, upper angle 

37-39 ,̊ middle angle 55-60 ,̊ lower angle 55-60 ̊. 

Shorea selanica 
Leaves oblong or ovate, total of secondary nerves 19-23 

pairs (Newman et al. 1999), length of primary nerves 13-

17cm, length of secondary nerves 2.5-3.5cm, distance of 

secondary nerves 3-4cm, upper angle 58-61 ̊, middle angle 

59-65 ,̊ lower angle 61-65 .̊ 

 

 

 
 
Figure 1. Variation in morphology of leaf shape of S. acuminata 
 

 

 
 
Figure 2. Variation in morphology of leaf shape of S. leprosula 

 
 
Figure 3. Variation in morphology of leaf shape of S. ovalis 

 
 
Figure 4. Variation in morphology of leaf shape of S. selanica 
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Figure 5. Leaf picking technique 
 

 

 
 

Figure 6. Morphometric characteristics of venation of leaves of 
Shorea spp. 

Leaf collection and preparation 

Collection of S. acuminata, S. leprosula, S. ovalis, and 
S. selanica leaves was carried out in 3 nursery locations in 

Bogor, West Java, Indonesia. The three nurseries were the 

Faculty of Forestry-IPB University, Forest Researchand 

DevelopmentCenter - Bogor, and Dramaga Research Forest 

near CIFOR Headquarter - Bogor. The collected leaves 

were from four Shorea species which were still in the 

seedling phase. The leaves were collected by taking 5-7 

outer leaves (Figure 5). Total leaves were 257 where each 

species consisted of  61 samples of S. acuminata, 68 

samples of S. leprosula, 66 samples of S.ovali, and 62 

samples of S. selanica, respectively. The leaves were  then 

brought to the IPB Faculty of Forestry  for a herbarium 
process. The herbarium process was carried out to obtain 

the clear leaf venation. 

Segmentation and venation detection 

At this stage segmentation was done on the original 

image of the leaves using the Sobel operation technique 

(Al-amri et al. 2010), the results obtained  then followed 

thresholding with a range of values from 1 to 255. The 

results of thresholding were processed to obtain binary 

images using the Fast algorithm Parallel Thinning (Zhang 

and Suen 1984). After that, vein detection was applied where  

binary image data that has been collected from the 

segmentation process is determined to coordinate bifurcation, 
intermediary, and extreme point. Bifurcation is the 

beginning of venation branching. Bifurcation is a 

connection between primary, secondary, and tertiary 

venations. The last point of a branch is called the extreme 

point. The connection between the extreme point and 

bifurcation is named intermediary (Figure 7). 

Feature analysis 

The leaf venation feature extraction is obtained from 

the calculation of straightness, different angle, length ratio 

and scale projection. To calculate the value of the feature, it 

takes the position of the corresponding point coordinates 
(one segment) of the segment extraction process as shown 

in Figure 8. While the total of secondary nerves was 

calculated from total of segments produced during the 

venation detection process of leaves. 

Straightness 

Straightness is the measurement of the straightness 

value of a segment. From Figure 8, the straightness value 

can be calculated using equation 1 (Ambarwari et al. 2018).  
 

    (1) 

Where; lj is the length of the segment j represented by 

the number of pixels connected by the points j and point l, 

dj is the distance between the pixel  coordinates 

with the pixel  coordinates. 

Different angle 

The different angle is the measurement of the angular 

difference between segments that coincide. From Figure 8, 

different angle (δ) values can be calculated using equation 

2 (Ambarwari et al. 2018). 
 

    (2) 

Length ratio 

The length ratio value is measured by comparing the 

length of each segment to the maximum length of the 

segment in a leaf venation image. From Figure 8, the value 

of the length ratio can be calculated using equation 3 

(Ambarwari et al. 2018). 
 

     (3) 
 

Where;  is the length ratio of the segment ,  is the 

length of the segment  and  is the segment vector in the 

leaf image.  
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Figure 7. Bifurcation, extreme point and intermediary in leaf venation (Plotze and Bruno 2009) 

 
 
 

 
 

 

 
Figure 8. Illustration of Shorea leaf venation extraction 

(Ambarwari et al. 2018) 
 
 

Scale projection 

Scale projection is the measurement of projection 

length between segments that coincide. In Figure 8, to 

determine the length of the projection between segments i 
and j, can use equation 4 (Ambarwari et al. 2018). 

 
 

  (4) 
 

After getting the value of these features, boxplot 

analysis and classification were carried out. Boxplot 

analysis is conducted to find out the distribution of data 

from each feature in order to figure out the most important 

feature (Thirumalai et al. 2017), while the classification is 
applied to determine the accuracy in identifying the species 

of Shorea spp. (S. acuminata, S. leprosula, S. ovalis, and S. 

selanica). The classification technique that was used is the 

support vector machine technique (Parikh and Shah 2016). 

RESULTS AND DISCUSSION 

Segmentation 

The results of segmentation in the form of binary 

images could extract primary venation and secondary 

venation explicitly as shown in Figure 9. 

From the results of the 257 leaf venation segmentation, 

the best and most suitable segmentation results were 

selected for the next process. The feasibility of the leaf 

image segmentation results could be seen from the 

resulting venation form. 

Venation detection 
The leaf image data from venation segmentation 

showed that out of251 leaf images data that were 

successfully processed until vein detection, there were 6 

leaf images data classified as  not successful in vein 

detection. Leaf images data that did not succeed in vein 

detection were for 3 leaves of S. acuminata, 1 leaf  of S. 

selanica and 2 leaves of S. leprosula. So, from 251 leaf 

images data that were successfully processed at this stage, 

245 of them had good vein detection results. The results of 

venation detection were binary images that have 

bifurcation and extreme point as shown in Figure 10. 

Analysis of feature extraction results 
After conducting vein detection, feature extraction was 

then performed by calculating the value of secondary 

nerves, straightness, different angles, length ratio, and scale 

projection. The results of the feature extraction of 

secondary nerves, straightness, different angle, length ratio, 

and scale projection are shown in Table 1. 
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Figure 9. Results of venation segmentation of Shorea spp. leaves; 
A. S. acuminata, B. S. leprosula, C. S. ovalis, and D. S. selanica 
 
 

 
A B C D 

 
Figure 10. Results of venation detection of Shorea spp leaves; A. 
S. acuminata, B. S. leprosula, C. S. ovalis, and D. S. selanica 
 
 

 

Table 1. The values of features forstraightness, different angle, 
length ratio, scale projection and secondary nerves 
 

Venation feature Value 

Mean of Straightness 39.957 
Mean of different angle 116.298 
Mean of length ratio 0.236 

Mean of scale projection 0.004 
Total secondary nerves 37 

 

 
 

Table 2. The values of features for straightness, different angle, 
length ratio, scale projection and secondary nerves resulting from 
Z-Score normalization 
 

Venation feature Value 

Mean of Straightness -0.3252 
Mean of different angle -0.3137 

Mean of length ratio -0.3253 
Mean of scale projection -0.3254 
Total secondary nerves -0.3216 

 
 
 

 

After obtaining the value of each venation feature of 

Shorea spp. leaves, then normalization was performed 

using Z-Score normalization. The function of the 

normalization process is to avoid traits whose values 

dominate the values of other identifiers (Li and Liu 2011). 

The results of Z-Score normalization are shown in Table 2. 

From Table 2, a boxplot was generatedto examine data 

patterns of each leaf venation feature of the four Shorea 
species. Based on Figure 11, it shows that S. selanica has a 

higher value on the secondary nerves feature but lower in 

the straightness feature. On the contrary, S. acuminata has 

a lower value on the secondary nerves feature but higher in 

the straightness feature. Figure 11 also explains that the 

spread range of the four species of Shorea in the secondary 

nerves feature is better than the straightness feature, in 

which the secondary nerves feature can distinguish 

between four species well but the straightness feature can 

only distinguish S. ovalis with S. selanica well. 

Based on Figure 12, it shows that Shorea selanica has a 

higher value on the scale projection feature but lower in the 
length ratio feature. While S. acuminata has a lower value 

on the different angle and scale projection feature but 

higher in the length ratio feature. The length ratio feature 

shows that there is a higher outlier in S. ovalis, this is 

because the length of the secondary nerves of the leaf is 

longer than the other leaves, which means that there are 

some leaves on S. ovalis that are wider in size than the 

other leaves. Figure 12 also explains that the spread range 

of the four species of Shorea in the length ratio feature is 

better than the different angle and scale projection feature. 

Where length ratio feature can distinguish between Shorea 

species well, except S. ovalis and S. selanica, different 

angle features can only distinguish S. acuminata from S. 

selanica well, and scale projection feature can only 

distinguish S. leprosula from S. selanica well. 

Classification 

At this stage, the classification was done using the 

support vector machine classification technique to test the 

accuracy of each class. The results of the classification are 

in the form of accuracy in correctly identifying Shorea 

species, which can be seen in Figure 13. 

Based on Figure 13, S. acuminata is classified as the 

class with the best level of accuracy, which is 100%, and S. 

leprosula is classified as the class with a less good 

accuracy level, which is 69.23%. This is due to the 

presence of S. leprosula leaves that were classified into S. 

acuminata and S.ovalis, where 1 is S. acuminata, and 3 is 
S. ovalis. The cause of S. leprosula is more classified in S. 

ovalis due to the number of secondary venations of the two 

species being the same. The average accuracy obtained 

from the test results for each Shorea species was 84.46%. 

Several studies on geometrics morphometrics of leaves 

are carried out to determine the geographical area of the 
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plant, including on Oak plant (Viscosi and Cardini 2011). 

MoprhJ method had been used with the leaf-shaped 

parameter. The usage of MorphJ can ease the botanist to 

analyse the spread of the Oak plant, since the MorphJ 

comes with the analysis tool like PCA, ANOVA, 

Regression and VCA. 

The result of the research showeds that the leaf-shaped 

parameters can be used to know the the geographical area 

from the plant. Therefore, leaf-shaped parameters can be 

used to distinguish Shorea species. However, the single 
usage of MorphJ cause the parameters used in this 

researche not useful like the straightness, different angle, 

and number of secondary nerves. Hence, geometrics 

morphometrics is still needed to increase the accuracy in 

Shorea species classification. 

Weakness 

This study only used four out of 194 Shorea species (S. 

acuminata, S. leprosula, S. ovalis, and S. selanica). 

Besides, the amount of data from each species is 

approximately 65 leaves, so it needs more additional leaves  

in order toincrease the accuracy. Extracting venation is 

performed only on secondary and primary venation, so that 

the segmentation images that still have tertiary venation are 

removed manually using Adobe Photoshop. 

 

 

 
 
Figure 13. Graph of accuracy comparison of each species 

 
 
 
 

  
 
Figure 11. Boxplot secondary nerves and straightness feature 
 
 
  

  
 

 
 
Figure 12. Boxplot different angle, length ratio and scale projection feature 
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In conclusion, the geometric morphometric approach 

could successfully extract the values of the features of 

straightness, different angle, length ratio, scale projection, 

and secondary nerves. From the five features mentioned, 

the secondary nerve feature is the best feature because it 

could clearly distinguish four species. On the other 

hand,the use od length ratio feature is relatively good 

compared to the features of different angle and straightness 

because it can distinguish three species of Shorea clearly, 
while different angle and straightness can only distinguish 

two Shorea species clearly. The classification results using 

support vector machine (SVM) to identify Shorea species 

based on leaf venation obtained the highest accuracy rate of 

84.46%. 
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