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Abstract 

The ripening of Porang compound fruit (Amorphophallus muelleri Blume) in one cob does not occur simultaneously but 
moves forward from the distal region to proximal. The ripe fruit is red, almost ripe is yellow and unripe is green. The 
study aimed to examine the growth potential and polyembryonic properties of Porang seeds derived from red, yellow 
and green fruits. These seeds were grown in different media with the expectation the best plant growth can be 
obtained. This research was a factorial experiment which was arranged in a completely random design and each unit 
observation has three replication. The factor I was the source of seeds. Seeds came from various fruit colors. Each of 
them is red (R), yellow (Y) and green (G). Factor II is a planting medium which had 4 types, M1, M2, M3, and M4.  M1 is 
combination of soil and husk charcoal (70%: 30%), M2 = soil: cocopeat (70%: 30%), M3 = soil: husk charcoal: cocopeat 
(70%: 15%: 15%) and M4 = just soil (100%). The results showed that the seeds derived from red fruit and planted on 
medium 2 (soil: cocopeat = 70%: 25%) potentially producing the best plant. The seeds also showed 100% polyembryony 
at 182 days after planting. In addition, the first, second and third shoots (originating from one seed) have different in 
height, canopy diameters, and petiole diameter. 
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INTRODUCTION* 
Amorphohallus muelleri  is a tuber plant of 

the family Araceae. In Indonesia, this plant is 
called Porang. A. muelleri contains high 
glucomannan. Glucomannan is widely used as a 
food, diet controller, cosmetics and industry [1]. 

The high benefits of A. muelleri cause an 
increasing demand of it from several countries 
such as Japan, Hong Kong, and Australia. 
However, production of A. muelleri in Indonesia, 
has not been able to meet this demand. The 
production of chips A. muelleri in East Java is 
around 600 kg – 1,000 tons, while industrial 
demand reaches 3,400 tons of chips [2]. 
Therefore, land expansion is needed and 
sufficiency of planting material is to be 
considered. 

Planting material of A. muelleri can be 
obtained from tubers, bulbs and seeds. The 
popular one, people use tuber as planting 
material. In 1 hectare land area, the seeds 
planted from the bulbil ± 170-175 pieces and 
tubers ± 20-20 pieces while from the seeds can 
be more than ± 900 grains so that the seeds are 
considered the most efficient as planting material 
[3]. Based on observations in the porang garden 
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Rejosari Village, District Bantur Malang, that the 
availability of seeds is also plenty, that in every 
plant A. muelleri can be produced ± 600-800 
seeds (compounds fruit). 

Germination and growth of seeds depend on 
the quality of the seeds. Good seeds are 
harvested when in the period of physiological 
ripe [4]. Physiological ripe time of seeds can be 
known through the fruit ripening, because the 
ripe time of seeds and fruit occurred together 
[5].  In previous studies, it was also reported that 
fruits harvested at physiological ripe produce 
high quality seeds in term of viability and vigority 
[6]. Ripening of fruit can be identified by changes 
in skin color of the fruit [7]. Therefore fruit skin 
color, in general, may be used to determine the 
age of seeds in it. In A. muelleri, based on 
empirical observations, the red color of fruit skin 
as indicator of fruit ripening does not occur 
simultaneously. Often found in the field, in one 
cob of A. muelleri has three fruit colors. Red in 
the distal area, then in the proximal direction 
there appears a group of yellow and green fruit. 

The level of fruit maturity also affects the 
level of maturity of the seeds and the ability to 
germinate. The ripe fruit will be followed by the 
maturity of the seeds in it. Seeds that are 
harvested when physiologically matured contain 
enough nutrients (carbohydrates, complex fats, 
and proteins) to germinate optimally. However, 
the immature seeds contain no maximum 
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nutrients [8]. In addition, the planting media also 
affects seed growth, where the composition of 
the appropriate planting media can support seed 
growth [9]. 

Seeds of A. muelleri have polyembryony 
properties, wherein one seed has more than one 
embryo. This is an advantage that can be utilized 
in the development of A. muelleri through seeds 
[3]. This study aims to determine the potential of 
seeds from various fruit colors (red, yellow, 
green) and the effect of the composition of the 
planting medium used on the growth of A. 
muelleri. In addition, the characteristics of the 
polyembryonic properties of A. muelleri seeds 
were also examined. 

MATERIAL AND METHOD 
Sampling of Porang Fruit 

 Samples used in this study were obtained 
from Rejosari Village, Bantur District, Malang 
Regency. The sample is porang fruit which has a 
different color on one cob which is red in distal 
region, yellow in the middle and green at the 
base/proximal parts (Fig. 1). The difference in the 
color of the fruit is used as a mark of different 
seed ages. 

 

Figure 1. Porang Fruit Samples with Variations Skin 
Color  

Preparation of Seed 
Seeds are obtained from Porang fruit which 

was grouped according to the fruit skin color 
(green, yellow and red). Porang fruits from each 
color group were peeled to get seeds, then the 
seeds were washed and dried. The seeds used 
were seeds with relatively the same size, healthy 
and not moldy. 

Media Planting Preparation 
The media used for this study consisted of 4 

types of planting media compositions named M1, 
M2, M3, and M4 (Table 1). All media were firstly 
steamed for 15 minutes and then dried. 

Furthermore, soil, cocopeat, and husk charcoal 
were weighed according to the composition in 
the treatment and mixed well. Then 80 grams of 
media were loaded into 5 x 15 cm polybags. 

Table 1. Composition of Planting Media 

Media Type Composition (%) 

Media 1 Soil 70 + husk charcoal 30 

Media 2 Soil 70 + Cocopeat 30 

Media 3 Soil 70+ husk charcoal15 + Cocopeat 15 

Media 4 Soil 100 

Seeds Planting  
The seeds that have been grouped based on 

the color of the fruit skin were planted on a 
planting media according to treatment (M1-M4). 
Each treatment (M) consisted of 15 polybags and 
each treatment had 3 replications. Therefore, the 
total polybags of each treatment was 45.  

Parameters of Growth and Germination 
The observed parameters consisted of 

germination and growth parameters. 
Germination parameters included :  
a) Time of shoot emergence, namely  the time 

needed to bring out the first shoot;  
b) Germination percentage. It was calculated 

130 days after planting (DAP). Germination 
rate used formula as below: 

𝐆𝐞𝐫𝐦𝐢𝐧𝐚𝐭𝐢𝐨𝐧 % =
 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒔𝒆𝒆𝒅 𝒕𝒉𝒂𝒕 𝒈𝒆𝒓𝒎𝒊𝒏𝒂𝒕𝒆

𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒔𝒆𝒆𝒅𝒔 𝒑𝒍𝒂𝒏𝒕𝒆𝒅
𝐱 𝟏𝟎𝟎%  

c) Number days (DAP) which was required to 
reach 60% seed germinated (uniformity of 
germination)  

While the growth parameters included: 
a) Petiole height. It was measured from the 

ground to the base of the lamina.  
b) Petiole diamater. It was measured using 

digital calipers in 1 cm above the ground.  
c) Canopy diameter. It was measured from 

one end of the canopy to the opposite end 
of the canopy 

Data Analysis 
This research was organizedusing completely 

randomized design (CRD) of two factors, namely 
the fruit color (consisting of 3 levels) and the 
planting medium (consisting of 4 levels). The 
obtained data from both the germination and 
growth data were analyzed using ANOVA, if the 
effect of fruit color and real planting media were 
significant, the analysed will be continued by 
theTukey test with a 5 % significance level. 
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RESULTS AND DISCUSSION 
The Germination of A. muelleri Blume 

The results of the ANOVA test showed that 
the time of shoot emergence was significantly 
influenced by the interaction between seeds 
from different fruit colors and planting media. 
Seeds from red fruit planted in M3 media (soil, 
husk charcoal, and cocopeat) produced the first 
shoots earliest, i.e. at 70 days after planting 
(Table 2). 

Table 2. The time that was required by shoot of A. 
muelleri to 1st emerged from red, yellow, and 
green seeds which grow in various medium 

Fruit Color Time of shoot emergence (DAP) 

 M1 87.00 ± 0.01 b 
Red M2 94.00 ± 7.55bc 

 M3 70.33 ± 0.57a 

 M4 86.67 ± 6.42b 

 M1 103.33 ± 1.15cde 

Yellow  M2 85.33 ± 2.88b 

 M3 100.33 ± 0.57cd 

 M4 108.67 ± 4.04de 

 M1 115.00  ± 6.92 e 

Green M2 92.33 ± 2.88 bc 

 M3 111.00 ± 3.46 de 

 M4 110.00 ± 1.00 de 

Notes: M1 = soil and husk charcoal (70%: 30%), M2 = soil: 
cocopeat (70%: 30%), M3 = soil: husk charcoal: cocopeat 
(70%: 15%: 15%) and M4 = just soil (100%). *) for all rows 
of numbers followed by the same letters, it was not 
significantly different based on Tukey test α 0.05. 

Table 2 showed that in addition to the level of 
maturity of seeds, planting media type also gave 
effect to the time of the emergence of the first 
shoots. Soil, husk charcoal, and cocopeat (M3) 
were the media components that gave the best 
results in this parameter. This mixture can create 
loose and moist of media. Media moisture is 
supported by cocopeat, because of its ability to 
bind and store water strongly [10]. Humidity is 
also needed in the initial phase of germination, 
because seeds need water before germination.  

The loose of media was allegedly due to the 
presence of husk charcoal. Characteristics of 
husk charcoal are to reduce the density of the 
media therefore the plant roots easily penetrate 
the media [11]. In addition to the roots, loose 
media will also make the plumula penetrate the 
surface of the growing media smoothly. The 
appearance of plumula to the surface of the 
growing media is a sign that A. muelleri seeds are 
beginning to sprout. 

In contrast with the time of shoot emergence, 
percentage germination at 130 DAP was only 

affected by the fruit color. Based on Tukey's test, 
the seeds are derived from red fruit has the 
highest percentage germination i.e. 92% ± 7.71. 
Then followed by seeds from yellow fruit i.e. 
64.5% ± 5.86 and the lowest seed from green 
fruit i.e. 37.77% ± 8.20  (Table 3). 

Table 3. The Effect of fruit colors on percentage 
germination at 130 DAP  

Fruit Color Percentage Germination (%) 

Red 92.09 ± 7.71  c 

Yellow 64.50 ± 5.86  b 

Green 37.77 ± 8.20  a 

Notes: for all rows of numbers followed by the 
same letters, it was not significantly different 
based on Tukey test α 0.05 

These results showed that red seed gave the 
highest germination (92%) at 130 DAP. Yellow 
and green seeds were following. The germination 
rate increased with the level of fruit maturity. In 
this study, the level of maturity is indicated by 
the color of the fruit (red, yellow and green). In 
research  of cayenne pepper varieties, Rama also 
reported that germination rate of chili seed 
reaches a maximum when physiologically mature 
and will decrease when it has passed the 
physiologically mature [12]. 

The next parameter is the uniformity of 
germination. Every seed that has a 1 cm plumule 
on the surface of the media was considered to be 
germinated. The results of the ANOVA test 
showed that the uniformity of germination was 
significantly affected by the interaction between 
seeds from different fruit colors and planting 
media. Based on Tukey test it can be seen that 
treatment RM3 seeds of red-skinned fruit that 
are grown in medium 3 (a mixture of soil, rice 
husk, and cocopeat) had the shortest time to the 
emergence of shoots up to 60% compared to 
other treatment that is 92 DAP (Table 4). This 
result is the same as the time of the first shoots. 
Therefore, in this study, the seeds that were able 
to produce the first shoots also had the shortest 
time in raising shoots up to 60%. 

The results showed that the seeds of yellow 
and green-skinned fruit at the time of harvesting 
have not entered physiological maturity. So that 
uniformity of germination is lower, and the time 
for the first shoots to emerge and the 60% 
germination are longer than the seeds of the red-
skinned fruit. The seeds that are harvested 
before reaching mature physiology, food reserve 
stored in the seed embryo is insufficient and not 
fully formed [13]. Previous studies also reported 
that Cayenne (Capsicum frutescent L.) seeds with 
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different levels of maturity had a significant 
effect on seed germination (%) and seed 
germination rate[14].  

Table 4. The time that was required by shoot of A. 
muellerito 60% germination from red-, yellow-, 
and green seeds which grow in various medium 

Treatment 
Uniformity of germination 

(DAP) 

Red M1 99.33 ±2.30 ab 

(R) M2 114.00 ±11.53 bcd 

 M3 92.33 ±2.88 a 

 M4 114.67 ±5.68 bcd 

Yellow M1 125.33 ±4.04 cde 

(Y) M2 109.33 ±5.50 bc 

 M3 128.33 ±1.15 cde 

 M4 133.33 ±3.05 ef 

Green M1 132.33 ±7.23 ef 

(G) M2 143.33 ±7.23 f 

 M3 142.67 ±6.02 f 

 M4 139.33 ±1.52 ef 

Notes: M1 = soil and husk charcoal (70%: 30%), M2 = soil: 
cocopeat (70%: 30%), M3 = soil: husk charcoal: cocopeat 
(70%: 15%: 15%) and M4 = just soil (100%). *) for all rows 
of numbers followed by the same letters, it was not 
significantly different based on Tukey test α 0.05 

The Growth ofAmorphohallus muelleri Blume 
The ANOVA results showed that seedling 

growth (height and diameter of petiole and 
canopy) was significantly affected by the 
interaction between fruit color and planting 
media. Based on the Tukey test, the treatment 
that showed the best results on the growth of A. 
muelleri was the treatment of RM2, seed from 
red fruit planted in soil and cocopeat media. The 
treatment was able to produce the best seeds, 
was higher seedlings, larger petiole diameter, 
and wider canopy diameter compared to the 
other treatments (Figure 2). 

The seeds of the red fruit are thought to have 
entered physiological maturity. So that the 
availability of food reserves in these seeds is 
sufficient to be used to grow compared with both 
yellow and green seeds. Food reserves sufficient 
seed to accelerate the growth of shoots and 
roots. When shoots and roots grow faster, the 
growth of these plants will be faster too [15]. 

In addition to the level of seed maturity, 
seedling growth is also influenced by the planting 
media. In this study, media 2 which is a mixture 
of soil media with cocopeat is the best media to 
support the growth of A. muelleri seedlings. 
Cocopeat is a medium that has a high water 
holding capacity which reaches 14.71 times its 
dry weight [16]. In the previous study, it was also 
stated that cocopeat was able to improve the 

physical properties of soil, which made the soil 
have good drainage so that it supports root 
development. When the plant roots are well 
developed, the absorption of nutrients will be 
optimal. These conditions can support plant 
growth. Similarly, in sengon laut (Paraserianthes 
falcataria) plants where planting using soil and 
cocopeat growing media gave the best results on 
the parameters of height increase, the diameter 
of the petiole and the number of leaves [17]. 

 

Figure 2. Interaction between Fruit Colors and Planting Media 
on Growth of A. muelleri. At 154 day after 
planting, A. petiole height, B. diameter of canopy 
C. diameter of petiole R = Seeds of red fruit, Y = 
Seeds of yellow fruit, G = Seeds of green fruit, M = 
planting medium. M1 = soil and husk charcoal 
(70%: 30%), M2 = soil: cocopeat (70%: 30%), M3 = 
soil: husk charcoal: cocopeat (70%: 15%: 15%) and 
M4 = just soil (100%). 

Polyembryonic Properties of Amorphohallus 
muelleri Blume 

Previous studies related to the germination of 
porang seeds, stated that in A. muelleri 
polyembryonic phenomenon was found. It is the 
occurrence of more than one embryo in one seed 
[18]. In this study, polyembryony plants were 
found as well (Fig. 3). Shoots produced from 
polyembryony seed was varied, there are 2 
shoots (Fig. 3A), 3 shoots (Fig. 3B) and 4 shoots 
(Fig. 3C) at 182 days after planting. 

The seeds of the red fruit all show 
polyembryonic properties, produce 2 to 4 shoots. 
However, the seeds of the yellow fruit, besides 
produce one shoot (monoembryony) also 
produce 2, 3 and 4 shoots (polyembryony) in all 
types of planting media. Production of 4 shoots 
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from yellow seeds was lower than red seed. 
While seeds from green fruit are monoembryony 
and polyembryony (3 shoots) which grow in all 
growing media. Polyembryo seeds with three 
shoots only on media M3 (Table 5).  

 
Figure 3.  Plant A. Muelleri in 182days after planting.  
 A. Polyembriony plants with 2 shoots  
 B. Polyembryonic plants with 3 shoots  
 C. Polyembryonic plants with 4 shoots 

Table 5. Percentage number of shoot on A. Muelleri 

Seeds type 
Planting  
media 

Seed with variation 
number of shoot (%) 

1 2 3 4 

Seeds from  
red fruit 

M1 0 6 74 20 

M2 0 30 67 3 

M3 0 30 67 3 

M4 0 17 53 30 

Seeds from  
yellow fruit 

M1 7 53 40 0 

M2 33 40 20 7 

M3 20 73 7 0 

M4 80 20 0 0 

Seeds from  
green fruit 

M1 7 93 0 0 

M2 64 46 0 0 

M3 40 20 20 0 

M4 80 20 0 0 

Notes: M1 = soil and husk charcoal (70%: 30%), M2 = soil: 
cocopeat (70%: 30%), M3 = soil: husk charcoal: cocopeat 
(70%: 15%: 15%) and M4 = just soil (100%).  

In this study, the first, second and third 
shoots that appear in one seed have different 
morphological characteristics (petiole, canopy 
diameter, and petiole). It was observed that the 
first shoots had an average height of 7.54 cm, the 
second shoots had a height of 14.7 cm (twice the 
height of the first shoot), the third shoots were 
8.41 cm which was not significantly different 
from the first shoots and the fourth shoots not 
yet emerge leaves and petiole at 196 days after 
planting (Table 6). 

Table 6.  The Growth of polyembryonic shoots in red fruit 
A. muelleri 196 days after Planting 

Type 
Shoot 

Petiole 
Height (cm) 

Canopydiameter 
(cm) 

Petiole 
diameter 

(mm) 

1st 7.54 ± 10.01a 8.25 ± 1.37 a 2.93 ± 0.37a 
2nd 14.7± 3.34 b 12.7±2.86 b 4.53 ± 0.72b 
3rd 8.41± 1.60 a 8.41±1.56 a 3.09 ± 0.39a 

Notes: for all rows of numbers followed by the same letters, 
it was not significantly differen based on Tukey test α 0.05 in 
each parameter 

At observations 204 days after planting, the 
first shoots begin to turn yellow and then wither 
at 210 days after planting. While the second, 
third and fourth shoots are still growing. At the 
end of the growth the second to fourth shoot 
have height petiol, canopy diameter and petiol 
diameter was not significantly different and 
larger than the first shoot (Table 6). 

Tabel 6. Growth of Polyembryonic Shoots A. muelleri in 
196-220 days after Planting 

Type 
Shoot 

Petiole Height 
(cm) 

Canopy 
diameter (cm) 

Petiole 
diameter 

(mm) 

1st 7.54 ± 10.01a 8.25 ± 1.37 a 2.93 ± 0.37a 
2nd 14.70 ± 1.79 b 13.69 ± 1.90 b 4.35 ± 0.52 b 
3rd 14.44 ±1.90 b 13.03 ± 1.14 b 5.04 ± 0.49 b 
4th 14.74 ± 4.23 b 12.70 ± 2.51 b 4.07 ± 0.72 b 

Notes: for all rows of numbers followed by the same letters, 
it was not significantly differen based on Tukey test α 0.05 in 
each parameter 

Polyembryo plants have more than one 
embryo in one seed. So that the different 
characteristics of the first, second and third 
shoots in A. muelleri can be possible because all 
three grow from different embryos in the same 
seed. 

In the study of mangosteen fruit which is also 
polyembryonic, it is stated that from each bud 
that emerges from the same seed carries a 
different genetic constitution [18]. another study 
it was found that four of the nine polyembryonic 
mangosteen seeds showed differences in DNA 
bands in shoots that grew from the same seed 
[19]. This may cause differences in morphological 
characters between the first, second and third 

shoots in the same seed.  

CONCLUSION 
The RM3 treatment show the best results for 

germination, but RM2 treatment produces the 
best for seed and plant growth. A. muelleri at 
various level of ripening indicates the presence of 
polyembrionic seeds with variation on the 
number of shoots, where the first shoots are no 
larger than the second up to fourth seeds. 
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