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Abstract. Handayani T. 2017. Seed germination and seedling morphology of Artabotrys hexapetalus. Nusantara Bioscience 9: 23-30. 
Artabotrys hexapetalus (L.f.) Bhandari (kenanga tanduk) is a fragrant, shrubby climber belonging to the Annonaceae family. In 
Indonesia, it is known as “kenanga tanduk”. It is a commercial ornamental plant due to its beautiful, aromatic flowers. This plant is also 
used in the perfume industry and in traditional medicine. It can be naturally propagated from seeds. However, it takes a long time to 
germinate. The research reported here aimed to determine the seed germination process, early seedling development, and seedling 
morphology of A. hexapetalus seeds planted under controlled conditions in Bogor Botanic Gardens. Ninety seeds were planted in a sand 
medium. The timing of germination, its characteristic pattern and the morphology of young emerged seedlings were observed and 
recorded. The seed characters were observed by using a microscope and camera. The results confirmed that A. hexapetalus seeds take a 
long time to germinate. Different periods of fruit maturation, small immature embryos, hard seed coat and hard endosperm texture are 
some of the factors that cause its seed to take a long time to germinate. The hard seed is due to the presence of exotesta, mesotesta and 
endotesta layers in the seed coat, as well as to the ruminate endosperm shaped like a wide plate and hard like glass (glass-like 
endosperm). The earliest seed germination occurred 159 days after sowing. The duration of seed germination from planting to last 
germinated seed took as long as 238 days. However, final seed viability reached 80%, with the speed of germination from sowing until 
the time of germination on a given day ranging from 0.01 to 0.08% per day. The type of seedling emergence is Phanerocotylar-Epigeal-
Foliaceous (PEF). The seed germination process of A. hexapetalus from radicle appearance until the first open leaf can be divided into 
six stages; i.e. radicle growing phase, radicle and hypocotyl growing phase, hypocotyl emergent phase, cotyledon emergent phase, 
cotyledon opening phase and the first leaf opening phase. The pair of cotyledons look like true mature leaves and are firmly attached, 
not shedding easily. 
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INTRODUCTION 

The Annonaceae family comprises 109 genera and 
2.200 species (Couvreur et al. 2012; Shiva et al. 2015). The 
genus Artabotrys is among the relatively large genera of 
the family Annonaceae, consisting of at least 100 species 
(Fisher et al. 2002; Suleiman et al. 2014; Shiva et al. 2015), 
which are distributed mainly in tropical and subtropical 
regions of Africa and East Asia (Li and Gilbert 2011; 
Suleiman et al. 2014; Shiva et al. 2015). Artabotrys 
hexapetalus (L.f.) Bhandari, or “kenanga tanduk”, is one of 
its species that is widely known. This species grow in Sri 
Lanka, southern India, Bangladesh, Myanmar, China, 
Taiwan (Formosa), Peninsular Malaysia, Sumatra, Borneo, 
Java, and the Philippines (Fisher et al. 2002; Nurainas 
2004; Li and Gilbert 2011).  

Kenanga tanduk is easily recognizable from the flower 
stalks which are shaped like hooks (Fisher et al. 2002), and 
from its spoon-shaped petals, and clusters of berries 
(Nurainas 2004; Li and Gilbert 2011; Couvreur et al. 
2012). It is a commercial, ornamental plant due to its 
beautiful and aromatic flowers (Fisher et al. 2002; 
Sowjanya et al. 2013). The plant is also used in the 
perfume industry (Nurainas 2004; Li and Gilbert 2011; 
Shiva et al. 2015), in traditional medicine (Li and Yu 1998; 
Li and Gilbert 2011), and as a repellant to ward off female 

Anopheline mosquitos (Suleiman et al. 2014).  
Seeds of Annonaceae have been of anatomical and 

morphological interest because of their unique structural 
characteristics: perichalazal growth, two or three 
integuments, fibrous mesotesta, ruminate endosperm, and 
micropylar plug, as well as their distinctive germination 
patterns (Svoma 1997, 1998). Annonaceae seeds are oval 
or oblong, 5-30 mm long, have ruminate endosperm, small 
embryo and thin cotyledons (Svoma 1997; Martinez-
Maldonado et al. 2013; Shiva et al. 2015). Until recently, 
seed of Annonaceae were characterized as mesotestal only, 
however it is now known that this is not always the case. 
Svoma (1997) reported that seed of kenanga tanduk, 
besides having a mesotesta also has an endotesta, 
consequently the seed coat is very hard. The kenanga 
tanduk seed coat is composed of lignin fiber cells and stone 
cells, giving rise to the hard seed coat. The hard seed coat 
causes seed germination to be delayed significantly (Corner 
1976). The seed coat exerts its germination-restrictive 
action mainly by being impermeable to water and/or 
oxygen or by its mechanical resistance to radicle protrusion 
(Debeaujon et al. 2000).  

Seed is the main means for propagation of kenanga 
tanduk, but unfortunately, they take a long time to 
germinate (Handayani 2004). Seed germination is a 
complex physiological process beginning with water 
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imbibition and proceeding through until the emergence of 
the plumule above the growing medium (Bewley and Black 
1994; Bewley 1997; Martinez-Maldonado et al. 2013). 
Under favorable conditions, the rapid growth of the embryo 
breaks the seed coat layers and presents the protrusion of 
the radicle. This emergence of the radicle is regarded as the 
completion of germination. 

Seed germination depends on several factors. Santoso et 
al. (2012) reported seed germination is affected by two 
factors, i.e. internal and external factors. Vieira et al. 
(2010) refer to temperature, light, and soil humidity as the 
most important environmental factors controlling seed 
germination and seedling establishment. However, there 
are many factors that inhibit or prevent germination and 
different plant species vary in the range of factors that 
prohibit germination. 

Following germination, the development of seedlings, 
their morphology and growth habit of the seedling are 
important characteristics to study. Some characters often 
used to study the morphology of seedlings of woody plant 
species are the emergence of seedlings (Zanne et al. 2005), 
the position and development of the cotyledons (Kitajima 
1992; de Vogel 1980), and the function of the cotyledons 
(Kitajima 1992; Zanne et al. 2005). Cotyledons are the first 
leaves that appear on a plant, playing an important role in 
seedling development, especially in the early stages (Zheng 
et al. 2011). Based on the emergence of the seedling, 
cotyledons may remain inside the seed coat or emerge out 
of the seed coat (Kitajima 1992). The terms phanerocotylar 
and cryptocotylar refer to exposed and hidden cotyledons, 
respectively; if cotyledons emerge out of the seed coat they 
are called phanerocotylar, otherwise if the cotyledons 
remain inside the seed coat they are called cryptocotylar 
(Maia et al. 2005). Cotyledons may be lifted above the 
surface of the growing medium or else remain at or below 
the surface of the growing medium (Kitajima 1992; Zanne 
et al. 2005). Cotyledons raised above surface of the 
growing medium are called epigeal, whereas cotyledons 
which remain at or below ground level are called hypogeal 
(de Vogel 1980; Ibarra-Manriquez et al. 2001). Cotyledons 
can serve as a food-store and/or as photosynthetic organs 
(de Vogel 1980; Garwood 1995; Zanne et al. 2005; Ibarra-
Manriquez et al. 2001). Cotyledons that serve 
photosynthesis are generally thin and resemble mature 
leaves, while cotyledons that serve as food reserves are 
thick and fleshy. By using these three characters, Kitajima 
(1992), Maia et al. (2005), and Zanne et al. (2005) 
classified types of seedlings into 3-5 groups, whereas de 
Vogel (1980) classified the types of seedlings into 16 
groups.  

The purpose of this current study was to identify the 
natural seed germination process, seed characters, seedling 
growth, and development stages, as well as the morphology 
of kenanga tanduk seedlings. Knowledge of morphological 
changes during germination can contribute to 
understanding the physiology and biochemistry processes 
during seed germination and seedling growth of plant 
species. Understanding these characteristics of seeds and 
seedlings can also contribute to a variety of other fields of 
science, such as plant identification, exploration, frugivory, 

taxonomy, and ecophysiology. 

MATERIALS AND METHODS 

This study was conducted from January 2015 to 
January 2016 at the Center for Plant Conservation Botanic 
Gardens (Bogor Botanical Gardens), Indonesian Institute of 
Science (LIPI), Bogor, West Java, Indonesia. 

Seed material  
Seeds were collected from one mother plant growing in 

the Bogor Botanical Gardens’ collection. Seeds were 
obtained from ripe fruit with yellow skins. The seeds were 
removed manually from the pulp and aryl, after which they 
were washed with water until completely free of pulp and 
then dried at room temperature for 24 hours. Seeds were 
then germinated in a sand media. Thirty seeds were sown 
in a batch, and this was replicated in three batches making 
90 seeds in total. Observations of seed and seedling 
development were made every day until there were no 
more seeds germinating. 

Observation of natural germination 
Parameters observed and recorded were days to first 

germination, the germination duration, the total 
germination percentage, the germination phases, the 
germination speed, and the seedling morphology. The 
earliest germination was recorded as the first day in which 
there was a seed visibly germinated; i.e. when the 
hypocotyl had appeared about 0.2-0.5 cm above growing 
medium surface (Martinez-Maldonado et al. 2013). The 
germination duration was calculated in days from the time 
of the first appearance of a germinated seed until the time 
of the last germinated seed. The germination percentage is 
the accumulated number of seeds that germinated 
successfully expressed as a percentage of the total number 
of seeds tested (Bewley 1997; Ranal et al. 2009; McNair et 
al. 2012). The speed of germination (expressed as % per 
day) from sowing until the time of germination on a given 
day was calculated from the percentage of tested seeds that 
germinated each day (Ranal et al. 2009), according to the 
formula R= (n/90)*100* (1/t) where n is the number of 
seeds that germinated on day t after sowing.  

Observation of seed characters 
The seeds were removed from the pulp, then cut 

longitudinally. The sectioned seeds were observed using 
Olympus CX31 microscope with a magnification of 4 x 10 
= 40x. Endosperm and seed coat were photographed using 
a Camera Canon Power Shot SX160IS. 

Observation of germination stages 
Observation started from the emergence of the radicle 

until the first leaf opened. The stages of germination were 
photographed using the Camera Canon Power Shot 
SX160IS. Photographing began when the hypocotyl 
appeared at the growing medium surface and continued 
until 2-5 leaves had expanded. Seedling colors were 
identified using the RHS Color Chart. Observation of the 
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seedling types were based on the classification of Kitajima 
(1992), Maia et al. (2005), and Zanne et al. (2005) using 
three codes. Code 1 indicates the appearance of the 
cotyledons (i.e. phanerocotylar vs cryptocotylar); code 2 
indicates the position of the cotyledons (i.e. epigeal vs 
hypogeal); and code 3 indicates the function of the 
cotyledons (assimilation vs food reserves). 

Observation of seedlings morphology  
The morphology of seedlings were determined at the 

five expanded leaf stage. Observations followed the 
methods of Burger (1972), de Vogel (1980), and Malik et 
al. (2014). Seedlings were examined in terms of traits 
describing the type of seedling, the seedling roots, the 
hypocotyl, the cotyledons, the epicotyl, and the leaves. 
Determination of morphological characters was made by 
naked eye. The root length, petiole length of cotyledon, leaf 
petiole length, cotyledon blade length, cotyledon blade 
width, leaf blade length, and leaf blade width were 
measured with a ruler. Measurements of root and hypocotyl 
diameters were carried out using vernier calipers.  

RESULTS AND DISCUSSION 

The natural seed germination 
Germination of seeds was not simultaneous but took 

place over a protracted period. The first seeds germinated 
159 days after showing, while the last to germinate did so 
on day 238 after sowing. Seed germination of kenanga 
tanduk can thus be classified as delayed, based on the 
criteria of Garwood (1995). He regards germination that 
takes longer than 16 weeks as delayed germination; but our 
kenanga tanduk seed required at least 23 weeks to 
germinate. 

The delayed germination of kenanga tanduk seeds did 
not result in a low total germination percentage at the end 
of the observation period. In fact, the final germination 
percentage (80%) can be regarded as quite high. However, 
the drawn-out germination process meant that. Daily 
germination percentages were low, peaking at the highest 
percentage of 16.67 %, 202 days after sowing. It took place 
43 days after the first appearance of a germinated seed. 
After that day, the germination percentage per day tapered 
off until the point 238 days after first sowing, the last day 
of a recorded germination (Figure 1). At the beginning of 
germination, the daily and cumulative germination 
percentage were low (3.33%). However, increasing 
numbers of seeds germinated in the subsequent days until 
at day 207 after sowing, the cumulative germination 
percentage of seeds reached 50%. This occurred 48 days 
after the first appearance of a germinated seed. The 
germination percentage on the last day of observed 
germination (day 238) was 80%. Thus, it can be concluded 
that seeds harvested from fruit of kenanga tanduk at the 
yellow skin stage were capable of a high germination 
percentage. The yellow skin of the fruit can be taken as a 
sign that the seeds it contains have reached physiological 
maturity. Seeds from physiologically ripe fruit result 
exhibit a good germination percentage (Bewley and Black 

1994; Santoso et al. 2012), whereas it is possible that 
harvesting seed beyond this stage of fruit ripening will 
reduce seed germination percentage (Mayer and Mayber 
1989). 

The speeds of germination (expressed as % per day) 
from sowing until the time of germination on a given day 
were also low, ranging from 0.01% to 0.08% per day 
(Figure 2). The speeds of germination were closely related 
to the number of seeds that germinated on the days of 
observation. The low germination speeds of kenanga 
tanduk seed is due to the fact that seed germination was not 
synchronous and took place over a protracted time. 

Seed characters 
Each fruit contains 1-2 seeds. Seeds are ovoid or oval 

shape, grooved on both sides, rather smooth in surface, the 
dorsal side is convex and the ventral side concave. The 
seed length is 1-2 cm and the width 1-1.5 cm, with 
diameter 1.5-2 cm, and color light brown to brown (Figure 
3.A). 

The time required for seeds to germinate is affected by 
differences in fruit maturation periods, and in seed 
characters. The results showed that although the seeds 
came from the same cluster of fruit, the germination times 
differed. Kenanga tanduk has bisexual flowers but anther 
dehiscence does not coincide with stigma receptivity. This 
causes irregularity in the time of fertilization, consequently 
physiological maturity is variable among its fruits. The 
hard seed coat, the small immature embryos, and the hard 
texture of the ruminate endosperm are factors causing the 
seeds to take such a long time to germinate.  

Kenanga tanduk has a hard seed coat texture (Figure 
3.B). In general, the seed coat of Annonaceae only consists 
of exotesta and endotesta layers (Corner 1976; Svoma 
1998; Braga et al. 2010). However, for Artabotrys 
hexapetalus, anatomical observation shows that the seed 
coat consists of a mesotesta layer, in addition to the 
exotesta and endotesta layers (Figure 3.C). This is 
consistent with the report of Svoma (1997). The exotesta is 
formed by the outer epidermis, and is a single layer 
consisting of thin-walled cells which gradually fill with 
tannins. The mesotesta is a fibrous tissue layer, composed 
of thick cells and woody lignin (Figure 3.D). The endotesta 
is composed of several layers of stone cells. Around the 
micropyle of the endotesta layer is a thickened fibrous 
tissue that leaves only a small slit (Figure 4.A). Endotesta 
cells also form a cone-shaped plug (Figure 4.B) which 
serves to slow the transport of water and air into the 
endosperm (Corner 1976; Svoma 1997). The seed coat can 
inhibit seed germination by restricting / being impermeable 
to water and / or oxygen (Debeaujon et al. 2000; Oumar et 
al. 2012). 

Anatomical observation showed that Annonaceae seeds 
have small immature embryos when the fruit are ripe 
(Figure 4.A), so it takes time for the maturation of embryos 
before sprouting (Svoma 1998; Martinez-Maldonado et al. 
2013). Therefore, it still needs time for the embryo to 
develop. The time required for the maturation of embryos 
varies depending on each species. The maturation process 
of kenanga tanduk embryos takes about five months. 
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Figure 1. Daily and cumulative germination percentage. DGP: 
Daily germination percentage. CGP: Cumulative germination 
percentage 
 
 
 

 
Figure 2. The speed of germination in kenanga tanduk seeds 

 
 
 
The difficulty of water and air entering the seed is also 

influenced by the texture of the endosperm. According to 
Xue et al. (2012), Annonaceae has either a soft texture or a 
very hard endosperm. Kenanga tanduk seeds have glass-
like ruminate endosperm which may slow down the 
imbibition process (Figure 4.C and 4.D). The endosperm is 
formed beneath the integuments, endotesta, and the inner 
layer of mesotesta fibers. Endosperm plays an important 
role in the supply of nutrients and water in seeds (Svoma 
1998). Water and air are indispensable in the germination 
process of seeds (Meyer and Mayber 1989), stimulating the 
activity of germination enzymes (Kozlowski 1971). If 
imbibition is delayed, the enzyme-catalyzed respiration 
activity that plays a role in providing energy for 
germination is also delayed. According to de Vogel (1980), 
the germination process starts with the activity of the seed 
coat absorbing water. The seed coat swells and becomes 
more permeable to water, oxygen, and carbon dioxide. 
Swelling of the seed will stimulate further opening of the 
seed coat and the pushing out of the seed radicle. 

Growth and development stages of seedlings 
Germination of kenanga tanduk seeds is indicated by 

the appearance of the white radicle emerging from a hole in 

the seed apex. Appearance of the radicle is preceded by the 
opening of the operculum allowing the seed plug to part. 
Subsequently, the radicle appears out of that opening hole. 
From the time of emergence of the radicle up to the 
appearance of the first opened leaf, there are six stages, as 
presented in Figure 5. 

Stage 1. Emergence of radicle 
This stage is characterized by the emergence of a white 

yellowish-beige radicle from the small hole (micropyle) in 
the seed apex as a sign of early seedling growth of kenanga 
tanduk. The emergence of the radicle is preceded by the 
opening of the operculum (Figure 5.A). Enlargement of the 
radicle forces the seed coat around the micropyle to crack. 
The existence of such cracks facilitates the protrusion of 
the radicle. Further, the hypocotyl grows lengthwise. 
Elongation of the hypocotyl causes the radicle to protrude 
through the micropyle hole. According to Fisher (1992), 
seed germination occurs when the radicle emerges from the 
seed coat. In our experiment, this stage occurred 114 days 
after sowing. 

Stage 2. Emergence of hypocotyl and roots 
This stage is characterized by the emergence of radicle 

and hypocotyl. The radicle grows as a primary root. The 
primary root elongates and enlarges continuously. The 
color of the collet around the hypocotyl is white. The 
middle part is brownish yellow-beige. The color of the 
primary root tip is beige. During development, the primary 
root grows downward, the hypocotyl grows upward (Figure 
5.B). The hypocotyl growth is bent like the letter "U" 
upside down. At this stage, secondary roots begin emerging 
around the base of the hypocotyl or collet. The roots grow 
downward continuously, while the hypocotyl grows 
upward approaching the growing medium surface. This 
stage occurred in our experiment approximately 121 days 
after sowing. 

Stage 3. Emergence of hypocotyls above the growing 
medium surface 

This stage is characterized by the emergence of the 
hypocotyl passing through the growing medium surface 
(Figure 5.C). The emergence of the hypocotyl is taken as 
the definitive indicator of seed germination (Martinez-
Maldonado et al. 2013). The length of the hypocotyl is 0.3-
0.5 cm. The color of the hypocotyl underground is light 
yellow (green 137), while above the ground it is yellowish-
green (green 137 green 139 A or B). The crook of the 
hypocotyls extends upward so that the cotyledons appear 
above the growing medium surface. Cotyledons begin 
enlargement and elongation, resulting in the seed coat 
parting. The color of the unexposed cotyledons is yellow. 
The cotyledons are gradually drawn upward as a result of 
the lengthening hypocotyl. Initially, only one third of the 
cotyledons appear, then two thirds of them become visible 
(Figure 5.D). At this stage, the height of the seedling is 2.5-
3.5 cm. In our experiment, this stage occurred 7-9 days 
after germination. 
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Figure 3. Seeds and seed coat kenanga tanduk. A-B using the camera, C-D using a microscope with a magnification of 4 x 10 = 40x. A. 
The seed is intact, B. Longitudinal section, C. Seed coat layer, D. Mesotesta fibers. Note: op = operculum, mes = mesotesta, eds = 
endosperm, pl = plug, ex = exotesta, end = endotesta, fib = fibers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 4. The embryo and endosperm of kenanga tanduk seeds at magnification 4 x 10 = 40x. A. The small immature embryo, B. The 
anterior seed, C. Ruminate endosperm, D. Glass-like ruminate endosperm. Note: emb = embryo, mic = micropyle, pl = plug, op = 
operculum, lam = lamella, rum = ruminate endosperm 
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Figure 5. The germination stages of kenanga tanduk. A. First stage, B. Second stage, C-D. Third stage, E. Fourth stage, F-G. Fifth stage, 
and H. Sixth stage 
 
  
 
Stage 4. Emergence of cotyledons 

This stage is characterized by the emergence of 
cotyledons above the surface of the medium. The 
cotyledons are gradually drawn upward, caused by the 
lengthening of the hypocotyl. The cotyledons become more 
elongated, but the tip is still in the ground (Figure 5.E). At 
this stage, most of the cotyledons have separated from the 
seed coat. The color of cotyledons is greenish-yellow 
(yellow-green 150 D) later turning green (green 143 C). At 
this stage, the height of the seedlings is 4.5-5.5 cm. In our 
experiment, this stage took place 9-10 days after 
germination. 

Stage 5. Opening of cotyledons. 
This stage is characterized by the opening of the 

cotyledons. One to two days after the cotyledons have been 
lifted upward, the hypocotyl grows upright. In this case, the 
position of the cotyledons is either crooked or upright 
(Figure 5.F). After the cotyledons have grown upright, then 
1-2 days later the cotyledon blades opened (Figure 5.G). 
The petioles of the cotyledons are 0.3-0.5 cm long. The 
cotyledon blades at this stage are 5-6.5 cm long and 2-2.5 
cm wide. The color of the cotyledons is light green or 
greenish-yellow (yellow-green 144 C or 145 A yellow-
green). The upper leaves are shiny. After opening the 
cotyledons, the plumule appears in the middle of the 
cotyledons. In our experiment, this stage happened 10-11 
days after germination. 

Stage 6. Opening of first leaves 
This stage is characterized by the opening of the first 

leaf. The hypocotyl grows slowly. After the cotyledon 
blades open, the plumule grows steadily. The growing of 

the plumule is stimulated by the elongation process of the 
epicotyl. The plumule grows larger and finally the first 
leaves open. The first leaves are green (green or green 137 
C, 137 B). While the first leaves are opening, the second 
leaves appear, and then appear the next leaves (Figure 5.H). 
At this stage, tertiary rootlets begin to emerge along the 
secondary roots. Cotyledons still survive (not whole). The 
height of seedlings at this stage is 5.5-7.5 cm. This stage 
occurred one week after the cotyledons open fully. 

Type of seed germination 
The characterization of seedling type for kenanga 

tanduk, based on the 3 code classification of Kitajima 
(1992), Maia et al. (2005), and Zanne et al. (2005), is as 
follows:  

Code 1. During the germination process of kenanga 
tanduk seeds, the enlargement of the cotyledons forces 
open the seed coat so that the cotyledons emerge out of the 
seed coat. This type of germination, exposing the two 
cotyledons outside the seed-coat, is called phanerocotylar. 

Code 2. The cotyledons that have been separating from 
the seed coat are raised to emerge above the growing 
medium surface. Seedlings in which the cotyledons are 
lifted above the surface of the growing medium like this are 
classified as the epigeal type. 

Code 3. In the early germinated seeds, the cotyledons 
are greenish yellow (yellow-green 150 D) later turning to 
green (green 143 C). The shape and arrangement of 
primary and secondary veins of the cotyledons resemble 
those of the mature leaves of the plant. These green 
cotyledons serve photosynthesis and assimilation, 
providing food for the new seedling’s growth. Cotyledons 
which serve assimilation through photosynthesis are 
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E G 

B D 

F H 
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generally thin, resembling mature leaves, and are 
eventually shed slowly in the same way as mature leaves. 

Observation of cotyledon emergence, cotyledon 
position, and cotyledon function suggests that the seedling 
type of kenanga tanduk is PEF (Phanerokotilar-Epigeal-
Foliaceous). Meanwhile, according to the classification of 
de Vogel (1980), kenanga tanduk seedlings are of the 
Macaranga type. Seedlings belonging this type have leaf-
like cotyledons, expanding to be thin, and photosynthetic in 
function. The PEF type is the most common (more than 
50%) seedling type in woody plant genera of the Malesian 
region. The Blumeodendron and Horsfieldia types in the 
classification system of de Vogel (1980) are also found in 
the Annonaceae family.  

Seedlings morphology 
Seedling morphological characterization was carried 

out on seedlings at their five-leaf stage. The morphology 
was described following the standard terminology of 
Burger (1972) and de Vogel (1980). General characteristics 
of kenanga tanduk seedlings were as follows: Type of 
seedlings: phanerocotylar, epigeal, foliaceous (with 
assimilation function). Roots: the primary root is not 
enlarged; it is slender, not straight, light brown-dark brown, 
12-14 cm long, and 0.1-0.3 cm diameter. Secondary roots 
are slender, located around the collet and along the primary 
root, 0.5-2.5 cm long, near the tip of the primary root 
becoming shorter, cream-brown. Tertiary roots are slender, 
dispersed along the secondary roots, up to 0.5 cm long, 
pale yellow-cream. Hypocotyl: tall, glabrous, dark green, 
0.1-0.3 cm diameter. Cotyledon: emergence above the 
growing medium surface, a pair, distichous, shed slowly. 
Cotyledons talks thickened 0.3-0.5 cm long, dark green. 
Cotyledon blades elongated oval, 5-6.5 cm long and 2-2.5 
cm wide, with base rounded, and tip acute, with the edges 
entire, green, glossy dark green on upper surface. The 
primary leaf veins above are sunken, below prominent. The  
number of secondary veins are 5-6 pairs, sunken above, 
prominent below. Epicotyl: upright, green. Leaves: single, 
alternate, petiole thickened, 0.3-0.4 cm long, glabrous, 
green. Leaf blades elongated oval, 3.5-9.5 cm long and 1.5-
2.5 cm wide, with base rounded, tip acute-acuminate, edges 
entire, green, shiny upper surface. The upper primary leaf 
veins are sunken and glabrous, below prominent and 
glabrous. Secondary veins 4-9 pairs. 

In summary, the present study showed that the seed 
germination of kenanga tanduk can be classified as 
delayed. The earliest seed germination occurred 159 days 
or 22 weeks after showing. The duration of seed 
germination from beginning to the end took as long as 238 
days. The percentage germination reached 80% with the 
speeds of germination on a given day of germination 
ranging 0.01-0.08% per day. The seed germination process 
of A. hexapetalus from the time the radicle first appears 
until the time the first true leaf opens is divided into 6 
phases. The type of cotyledon is epigeal. The type of 
seedling is Phanerocotylar-Epigeal-Foliaceous (PEF) or 
Macaranga type.  
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