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Abstract

Addressing the unavailability of current knowledge associated with leaf morphological variations for Vitex negundo, this study aims to 
provide complete leaf characterization of 10 V. negundo morphotypes. Ten mature and fully expanded leaves were randomly collected 
from each standing morphotype. All collected samples were characterized and measured. A dendrogram was generated using Euclidian 
and Unweighted Pair Group with Arithmetic Averages analysis. Distinct variation in leaf morphology among morphotypes was observed, 
not typical of what is known for V. negundo. Leaves of different morphotypes primarily differ in terms of leaf shape, apex, and base. 
Some morphotypes also differ from others due to the unique combination of leaf types and leaf margin. The dendrogram showed two 
primary clusters based on leaf shape: lanceolate and non-lanceolate leaves. Other characters such as leaf type, base, apex, abaxial surface, 
and margin were also essential in the formation of specific clusters and separation of V. negundo morphotypes. Apparent morphological 
variation seen among the leaves of V. negundo accessions revealed certain characters that are atypical for a species. 

Key words: dendrogram, leaf characters, morphotypes, Vitex negundo.
Abbreviations: PaST, Paleontological Statistics; UPGMA, Unweighted Pair Group with Arithmetic Averages.

Introduction

Species of genus Vitex L. possess high morphological 
variation, which makes identification difficult and species 
delineation controversial and unclear (Phongoudome 
2000; Abbas et al. 2002). One notable species of this genus 
is Vitex negundo L., which is a globally recognized species 
in terms of its pharmacological application as a cough 
remedy (Sofowara 2007). Four varieties of this species are 
validly recognized, namely, V. negundo var. cannabifolia, 
V. negundo var. microphylla, V. negundo var. negundo and 
V. negundo var. thyrsoides (Govaerts 2003). However, a 
complete morphological description of these four varieties 
and other newly established morphotypes is lacking. As a 
result, other unresolved and illegitimate varieties used in 
various studies emerged which makes identification more 
complicated.  

Leaf morphological characters are one of the essential 
components of species and even morphotype identification 
and classification. These characters have been utilized as an 
aid in taxon delimitation and some of these characters are 
often included in identification field guides and handbooks 
(Poland, Clement 2009; Stace 2010). Several studies have 

also used leaf characters to reiterate infraspecific variation, 
which include leaf ratio and petiole length (Cao et al. 2011), 
and micromorphological characters and patterns such as 
trichomes and stomata (Bugg et al. 2013; Devecchi et al. 
2014; Carlson et al. 2016). 

Based on recent records, there are 10 standing 
germplasm collections of V. negundo in the Philippines 
(Department of Agriculture 1995). A preliminary study 
conducted provided morphological characteristics of four 
morphotypes (Comandante 2008); however, some were 
changed and new morphotypes were added. This study 
entails the description of leaf morphological characters of 
different V. negundo morphotypes. It is crucial to have a 
correct characterization of the different morphotypes since 
the species is known to be essential due to its medicinal 
importance. In determining which of these morphotypes 
yield higher levels of bioactive compounds, proper 
identification is needed wherein these leaf morphological 
descriptions is of great help. Industries using this plant 
for commercial production of plant-based medicine will 
have an idea what specific morphotypes are best suited for 
production. 
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Materials and methods

Collection of leaf samples
Leaf samples of Vitex negundo L. morphotypes were 
collected from the standing germplasm collections planted 
in the National Plant Genetic Resource Laboratory, 
Institute of Plant Breeding, College of Agriculture and Food 
Science, Los Baños, Laguna, Philippines (14º9’16.6896” N, 
121 º15’47.0988”). The area has a local steppe climate with 
an average annual temperature is 16.5 °C and an average 
precipitation of 229 mm. Ten mature and fully expanded 
leaves were randomly collected in each standing collection.  

Leaf characterization
All collected samples were examined and characterized. 
The number of leaflets in each sample was counted. Basic 
morphological characteristics of the leaves, such as leaf 
type, shape, margin, apex, and base, were described based on 
established leaf description manuals. The colour of adaxial 
and abaxial surfaces was noted. Measurements, such as 
leaflet length and width and petiole length, were done using 
a ruler or dial caliper. Examined samples were pressed and 
dried for voucher specimens and were deposited in the 
herbarium.  

Cluster analysis
Cluster analysis was done using PaST – Paleontological 
Statistic ver. 1.64 (Hammer et al. 2007) to analyze 
differences among morphotypes. Some characters were 
selected and each of its character states was assigned as 
values corresponding to a legend as seen in Table 1. A 
dendrogram was constructed using Euclidian as a distance 

measure and Unweighted Pair Group with Arithmetic 
Averages (UPGMA) as a linkage method. 

Results

Leaf morphological description of 10 Vitex negundo 
morphotypes
Leaf characters including leaf shape, apex and base vary 
among V. negundo morphotypes were examined (Table 
2). Most of the morphotypes had lanceolate to elliptic-
lanceolate leaves, however, GB 59670 and GB 59671 differed 
with obovate to oblanceolate leaves. Six morphotypes had 
an acuminate leaf apex and three had an acute apex. GB 
63323 had an acute-acuminate leaf apex. Moreover, six 
morphotypes had an acute leaf base; two had an attenuate; 
one had an attenuate-oblique; one had an acute-oblique 
and another one had an acute-cuneate. Both GB 59670 
and GB 59671 had trifoliate leaves, however, simple leaves 
also occured in GB 59670, which were observed in young 
shoots. Other morphotypes had 3 to 5 leaflets, which 
occured in one individual. Leaves of all morphotypes had 
a green adaxial and light-green abaxial surface. The abaxial 
surface of GB 59670 and GB 59671 leaves was glabrous, 
which indicates high density of trichomes. 

GB 58245. Medium-sized shrub up to 5 m tall. Leaves 
opposite, palmately compound with 3 – 5 leaflets, longer 
leaflet 7.3 – 10.0 × 1.3 – 1.9 cm, smaller leaflets 4.9 – 6.0 × 
1.0 – 1.4 cm; lanceolate, acuminate apex, acute base, entire 
margin; adaxial green, abaxial light green, smooth; petiolate 
3.0 – 3.9 cm (Fig. 1). 

GB 59550. Medium-sized shrub up to 5.0 – 5.7 m tall. 
Leaves opposite, palmately compound with 3 – 5 leaflets, 

Table 1. The analyzed leaf characters and character states of Vitex negundo morphotypes

Morphotype Type Shape Margin Apex Base Abaxial surface
0 palmately 
compound; 
1 trifoliate; 
2 trifoliate-

palmate; 
3 simple 
trifoliate

0 lanceolate; 1 
obovate; 

2 elliptic-elliptic 
lanceolate; 
3 elliptic-
lanceolate; 
4 obovate-

oblanceolate

0 entire; 
1 entire-

irregularly 
serrated; 

2 sererated

0 acute; 
1 acuminate; 

2 acute-
acuminate)

0 acute; 
1 acute-cuneate; 

2 attenuate; 
3 attenuate-

oblique

0 smooth; 
1 glabrous

GB 59706 2 3 0 1 3 0
GB 58245 0 0 0 1 0 0
GB 59670 3 1 0 0 1 1
GB 59918 0 0 1 1 2 0
GB 59550 1 0 0 0 0 0
GB 59856 0 0 2 1 0 0
GB 59685 0 2 0 0 2 0
GB 63323 0 0 0 2 0 0
GB 59671 1 4 0 0 0 0
GB 59811 0 0 0 1 0 0
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longer leaflet 7.7 – 10.9 × 1.8 – 2.9 cm, smaller leaflets 2.0 
– 6.2 × 1.0 – 2.1 cm; lanceolate, acute apex and base, entire 
margin; adaxial green, abaxial light green, smooth; petiolate 

3.6 – 5.0 cm (Fig. 2).
GB 59670. Small shrub up to 2 – 2.4 m tall. Leaves 

opposite, simple or trifoliate, simple leaf 5.1 – 5.4 × 2.7 – 3.1 

Fig. 1. Growth habit (A) and leaves of Vitex negundo GB 58245 showing adaxial (B) and abaxial (C) portions.

Fig. 2. Growth habit (A) and leaves of Vitex negundo GB 59550 showing adaxial (B) and abaxial (C) portions.

Fig. 3. Growth habit (A) and leaves of Vitex negundo GB 59670 showing adaxial (B) and abaxial (C) portions.

A B C
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C
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cm; trifoliate leaf with longer leaflet 5.9 – 9.3 × 2.8 – 3.3 cm, 
smaller leaflets 3.1 – 7 × 1.3 – 2.8 cm; obovate, acute apex, 
acute-cuneate base, entire margin; adaxial green, abaxial 
light green, glabrous; petiolate 0.6 – 2.2 cm (Fig. 3). 

GB 59671. Small shrub up to 2.0 – 2.3 m tall. Leaves 
opposite, trifoliate, longer leaflet 6.4 – 6.5 × 2.4 – 2.5 
cm, smaller leaflets 3.0 – 4.0 × 1.2 – 1.9 cm; obovate-
oblanceolate, acute apex, acute-oblique base, entire margin; 
adaxial green, abaxial light green, glabrous; petiolate 2.0 – 
2.9 cm (Fig. 4). 

GB 59685. Medium-sized shrub up to 3.5 – 4.2 m tall. 
Leaves opposite, palmately compound with 3 – 5 leaflets, 
longer leaflet 4.5 – 8.5 × 1.7 – 2.1 cm, smaller leaflets 2.5 
– 6.0 cm × 0.8 – 2.1 cm; elliptic-elliptic- lanceolate, acute 
apex, attenuate base, entire margin; adaxial green, abaxial 
light green, smooth; petiolate 1.5 – 3.2 cm (Fig. 5). 

GB 59706. Medium-sized shrub up to 4.0 – 4.5 m tall. 
Leaves opposite, palmately compound with 2 distinctly 
smaller leaflets 2.0 × 1.0 – 1.2 cm, longer leaflets 5.2 – 13.6 × 
1.7 – 4.1 cm; elliptic-lanceolate, acuminate apex, attenuate-

oblique base, entire margin; adaxial green, abaxial light 
green, smooth; petiolate 4.3 – 7.7 cm (Fig. 6). 

GB 59811. Medium-sized shrub up to 3.0 – 3.6 m tall. 
Leaves opposite, palmately compound with 5 leaflets, longer 
leaflet 9.0 – 9.9 × 2.1 – 2.7 cm, smaller leaflets 4.6 – 8.0 × 
1.2 – 1.9 cm; lanceolate, acuminate apex, acute base, entire 
margin; adaxial green, abaxial light green, smooth; petiolate 
3.7 – 4.1 cm (Fig. 7). 

GB 59856. Medium-sized shrub up to 3 – 3.4 m tall. 
Leaves opposite, palmately compound with 5 leaflets, longer 
leaflet 7.7 – 10.5 × 2.9 – 3.5 cm, smaller leaflets 2.0 – 6.5 × 
1.0 – 1.8 cm; lanceolate, acuminate apex, acute base, serrate 
margin; adaxial green, abaxial light green, smooth; petiolate 
3.3 – 3.5 cm (Fig. 8).

GB 59918. Medium-sized shrub up to 3.0 – 3.2 m tall. 
Leaves opposite, palmately compound with 2 distinctly 
smaller leaflets 1.7 – 3.5 × 0.5 – 0.9 cm, longer leaflets 6.5 
– 9.0 × 1.5 – 1.9 cm; lanceolate, acuminate apex, attenuate 
base, entire margin with irregular serrations; adaxial green, 
abaxial light green, smooth; petiolate 2.5 – 4.1 cm (Fig. 9).

Fig. 4. Growth habit (A) and leaves of Vitex negundo GB 59671 showing adaxial (B) and abaxial (C) portions.

Fig. 5. Growth habit (A) and leaves of Vitex negundo GB 59685 showing adaxial (B) and abaxial (C) portions.
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Fig. 6. Growth habit (A) and leaves of Vitexnegundo GB 59706 showing adaxial (B) and abaxial (C) portions.

Fig.7. Growth habit (A) and leaves of Vitex negundo GB 599811 showing adaxial (B) and abaxial (C) portions.

Fig. 8. Growth habit (A) and leaves of Vitex negundo GB 59856 showing adaxial (B) and abaxial (C) portions.
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GB 63323. Medium-sized shrub up to 4 – 5 m tall. Leaves 
opposite, palmately compound with 3 – 4 leaflets, longer 
leaflet 9.0 – 14.8 × 2.7 – 3.4 cm, smaller leaflets 3.9 – 7.9 × 
1.7 – 2.4 cm; lanceolate, acute-acuminate apex, acute base, 
entire margin; adaxial green, abaxial light green, smooth; 
petiolate 4.5 – 5.5 cm (Fig. 10).

Cluster analysis
Leaf morphological characters including leaf types, shape, 
margin, apex, base and abaxial surface were subjected to 
cluster analysis.  The dendrogramme showed two major 
clusters (Fig. 11). Two clusters were formed primarily based 
on the leaf shape, lanceolate and non-lanceolate. GB 59918, 
GB 59856, GB 59550, GB 63323, GB 58245 and GB 59811 
had lanceolate leaves while GB 59670, GB 59671, GB 59685 
and 59706 had non-lanceolate leaves. Clustering of GB 
59670, GB 59671, GB 59685 and GB 59706 was supported 
by a similar leaf margin. Moreover, GB 58245 and GB 59811 
formed one cluster. These two morphotypes had similar 
character states in all qualitative characters.

Discussion

Most of the morphological variations observed from the 
examined leaf samples include the sizes of the leaflets, 
petiole length, leaf type shape, apex, base, and margin. These 
and other leaf characters have been used in detailed and 
well-illustrated publications in order to provide a holistic 
description of a specific taxonomic rank (Ellis et al. 2009; 
Goncalves, Lorenzi 2011). Despite this, leaf characters are 
often neglected due to the fact that these characters are easily 
affected by environmental fluctuations and considering 
phenotypic plasticity. Some environmental variables have 
been associated with the variation in leaf forms of some 
species. The full potential of these characters remains 
relatively unexplored even though there are already works 
suggesting their effectiveness. This should not override the 
fact that these characters are easily observable. More often 
than not, plant identity is based on leaf morphological 
characters, especially for field-based assessment. Some field 
studies suggest that leaf characters are of great importance 

Fig. 9. Growth habit (A) and leaves of Vitex negundo GB 59918 showing adaxial (B) and abaxial (C) portions.

Fig. 10. Growth habit (A) and leaves of Vitex negundo GB 63323 showing adaxial (B) and abaxial (C) portions.
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in taxonomic studies, particularly in sterile plants and 
fossils without reproductive parts (Hickey, Taylor 1991). 
It was also pointed out that leaf characters are genetically-
fixed characters (Roth-Nebelsick et al. 2001).

This study also assessed variations of the leaf characters 
of ten V. negundo germplasm collections using a set of 
character states. There have been various taxonomic 
controversies resolved using these characters. Some of these 
include the use of leaf form and venation in determining 
differences of Sorbus leaf types (Merrill 1978); leaf shapes 
as the fundamental species difference in oaks (Jensen 1990); 
leaf architecture in the delineation of three subgenera of 
Ficus (Loufty et al., 2005); three controversial species of 
Hoya (Hoya coriacea, Hoya halconensis and Hoya boutii; 
Salvaña, Buot 2014); classification of Camellia species (Lu 
et al. 2012); and in species separation of Salicaceae through 
continuous foliar characters (Theibaut 2000).

Leaf morphometric analysis have been used in order 
to characterize and elucidate infraspecific variants and 
morphotypes. It can be noted that the measurement and the 
quantitative relations of patterns of phenotypic variations 
within and between species and infraspecific ranks have 
been applied in plant morphometrics (Pearson 1901). 
Furthermore, utilization of a wide range of morphometric 
measurements have been used traditionally. Marcus (1990) 
stated that this technique employs a suitable multivariate 
statistical analysis to analyze more than one trait to be able 
to generate patterns of phenotypic variations. In addition, 
Ray (1992) applied morphometric analysis in separating 
species of Syngonium (Araceae) particularly through leaf 

shape contours and other homologous features.
Some qualitative leaf characters and character states of 

the ten V. negundo germplasm collections were subjected 
to cluster analysis. Cluster analysis is a statistical tool 
which produces a hierarchical classification of taxa based 
on similarity matrix (Hambrick 1984). The Unweighted 
Pair Group Method with Arithmetic Averages (UPGMA) 
is a clustering approach and was used in this analysis. 
UPGMA algorithm constructs a dendrogram that reflects 
the structure present in a pairwise similarity matrix 
and clusters are joined based on the average distance 
between the members of a group (Sokal, Michener 1958). 
Apparently, the dendrogram produced by this approach 
depicts the same pattern of clusters to other approaches. 
Hammer et al. (2007) stated that if the groupings do not 
change when trying another algorithm, that grouping 
should be trusted. UPGMA clustering has been used in 
the classification of some medicinal representatives of the 
tribe Areae (Araceae) (Sun et al. 2000), for selected species 
of Philippine Cinnamomum based on venation patterns 
(Celadiña et al. 2012); and to characterize similarities 
between Psychotria (subg. Heteropsychotria) and Palicourea 
species (Da Silva et al. 2011).

Conclusions

Leaf characters are essential in elaborating morphological 
variation of ten standing germplasm collection of V. negundo 
in the Philippines. Foliar description of each morphotype 
can be a helpful tool in resolving taxonomic discrepancies 

Fig. 11. A, dendrogram of Vitex negundo morphotypes showing two major clusters (1 – non-lanceolate leaves; 2 – lanceolate leaves) with 
Euclidian distance of 4. B, two-way analysis using showing characters used to separate morphotypes.
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and identification of morphotypes. In addition, it can 
provide valid answers on problems related to varied results 
on phytochemical studies that may cause confusion on 
the accurate compounds present in the species. This study 
highlighted the utilities of leaf characters, which can be 
used in a wide range of studies, especially for identification.   
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