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Abstract: Organogenesis is regeneration mechanism on the process of organ formation deri ved from somatic or 

non-meristematic tissue on in vitro technique. Organogenesis can occur directly or indirectly . This research 

used porang leaves as explant, and medium MS Basal with addition such as sucrose, agar, combination of 

PGR’s 2,4 D and NAA, and aquadest. This research method used the Completely Randomize Design (CRD) with  

9 different level combination of 2,4 D and NAA such as 2,0 ppm 2,4 D + 1,5 ppm NAA (A1), 2,0 ppm 2,4 D + 2,0 

ppm NAA (A2), 2,0 ppm 2,4 D + 2,5 ppm NAA (A3), 2,5 ppm 2,4 D + 1,5 ppm NAA (A4), 2,5 ppm 2,4 D + 2,0 

ppm NAA (A5), 2,5 ppm 2,4 D + 2,5 ppm NAA (A6), 3,0 ppm 2,4 D + 1,5 ppm NAA (A7), 3,0 ppm + 2,0 ppm 

NAA (A8), 3,0 ppm 2,4 D + 2,5 ppm NAA (A9) with 3 repetitions for each combination. Quantitative data such 

as the percentage of explants that appeared callus and roots were tested statistically by using ANOVA to deter-

mine the significance of the effect of the treatment. Treatments that had significant results were then tested using  

the DMRT test with a level of α=5%. Qualitative data were observed visually and analyzed descriptively. 

Combination concentration treatment of 2,4 D and NAA have the significant effect on callus and root formation . 

The level of 2 ppm 2,4 D and 2 ppm NAA is the best treatment on callus formation process in terms of 100% 

callus emerge and the early day appears at 24 days after planting and the best treatment on the process of root 

formation in terms of percentage roots emerge 100% and the early day roots appears at 46 days after planting . 

Indirect organogenesis is type of of root regeneration. 
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1. INTRODUCTION 

Porang has the potential to become an 

export commodity in the industrial and 
agricultural sectors because it contains 
carbohydrates in tubers which are used as an 

alternative food ingredient in modified 
cassava flour (mocaf) based [1], and 

glucomannan which is used as an adhesive 
for paper, filler for drug tablets, and 
cosmetics, for the chemical, pharmaceutical 

and cosmetic industries [2]. This increases 
necessity and interest in porang products in 

both fresh and processed forms. 
The strategy to increase porang pro-

duction, in the conventional way, has obsta-

cles such as planting material for stem tu-

bers and leaf tubers or bulbil experiencing 
dormancy in the dry season, with a fairly 

long growth and development cycle of 38-43 
months [3], or about 3-4 years to producing 

flowers, fruits and seeds [4], and optimum 
seeds can only be harvested after 8-9 months 
of the anthesis phase [5]. 

Plant tissue culture using porang leaf 
explants, is part of the asexual plant 

micropropagation technique, has the 
advantage of producing quality seeds in 
large quantities, because it is more effective 

and efficient, in terms of time period 
because it does not depend on time or 

offseason [6]. 
Organogenesis is the mechanism 
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explant regeneration in the process of organ 

formation derived from somatic or non-
meristematic tissue in plants. Organogenesis 

can occur directly or organs formed without 
going through the callus phase and indirectly 
or organs formed through the callus phase. 

Callus is the aggregate of amorphous 
or undifferentiated cells that are actively 

dividing, arising from injured leaf explant 
tissue [7]. Callus is formed on competent 
explant tissue that responds to signals from 

PGRs, and makes cells or tissues then grow, 
divide and develop to form callus or a dedif-

ferentiation process [8]. 
Addition of synthetic auxin hormones 

with strong concentrations, such as 2,4 D 

and NAA single or combination, can 
stimulate callus formation, and swelling of 

the injured explants and forming small 
bumps that occur within 8-9 weeks as a sign 
of the process. organogenesis [9]. 

 

2. MATERIALS AND METHODS 

 

Explants 

Porang leaves explant was obtained 
from culture collection in Ecophysiology 

and Plant Tissue Culture Laboratory, 
Agronomy Study Program, Faculty of Agri-

culture University of Jember. 
 

Medium 

The culture medium used in this 

research was Murashige and Skoog Basal 

(MS Basal) with addition such as sucrose 

(30 g.l-1), agar (8 g.l-1), combination of 

PGRs (Plant Growth Regulators) 2.4 D and 

NAA, and aquadest. 
 

Method 

This research method used the Com-
pletely Randomize Design (CRD). In this 
step, 9 different level combination of 2,4 D 

and NAA on medium with 3 repetitions for 
each combination were created and labeled 

with A1 until A9, as listed on Table 1. 

 

Table 1: Combination concentration of PGR. 

Teatment 
Sample 

Level of concentration (ppm) 

2.4 D NAA 

A1 2,0 1,5 
A2 2,0 2,0 
A3 2,0 2,5 
A4 2,5 1,5 
A5 2,5 2,0 
A6 2,5 2,5 
A7 3,0 1,5 
A8 3,0 2,0 
A9 3,0 2,5 

 

Maintenance of explants in each 
treatment was carried out by subculture of 
explants on new media with the same con-

tent periodically every 2-3 weeks. 
 

The Percentage of Explants forming Cal-

lus 

The percentage of explants forming 

callus is an indication of treatment in induc-
ing/initiating explants to forming callus 
which is calculated from the number of ex-

plants that forming callus with the following 
equation.: 

 

 

The Early Day of Callus Appears 

The early day of callus appears is the 

rapidity of treatment in inducing/initiating 
explants forming callus which can be seen 

from the increase in size, thickening, swell-
ing, and emerge of white or greenish nod-
ules on the injured explants, that expressed 

in notation day after planting. 

 

Callus Color and Texture 

Callus color was seen at the time of 

callus emergence about 3-8 weeks after 

planting that observed visually and com-

pared using Munsell Color for Plants Tis-

sues as a comparison indicator of callus col-

or. Callus texture was observed after the en-
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tire callus was formed within 3-8 weeks, to 

determine the type of callus based on the 

texture which consisted of compact callus, 

intermediate callus (transition of friable cal-

lus), and friable callus [10]. 

 

The Percentage of Explants Forming 

Root 

The percentage of explants forming 

root is an indication of treatment in induc-

ing/initiating explants to forming root which 

is calculated from the number of explants 

that forming with the following equation: 

 

 

 

The Early Day of Root Appears 

The early day of root appears is the 

rapidity of treatment in inducing/initiating 

explants forming root which can be seen 

from emergence of roots on explants or cal-

lus that regenerate and forming root, that 

expressed in notation day after planting  

 

Type of Organogenesis 

Organogenesis is a regeneration 

mechanism on forming organs derived from 

somatic or non-meristematic tissues. Organ-

ogenesis has 2 types, direct organogenesis 

(organs formed directly from explant cells 

without going through the callus phase) and 

indirect organogenesis (organs formed 

through the callus phase).. 

 

Data Analysis 

Quantitative data such as the percentage 
of explants that appeared callus and roots 

were tested statistically by using ANOVA to 
determine the significance of the effect of 

the treatment. Treatments that had signifi-
cant results were then tested using the 
DMRT test with a level of α=5%. Qualita-

tive data were observed visually and ana-

lyzed descriptively. 
 

3. RESULTS AND DISCUSSION 

 

Effect of Combination Concentration 2,4 

D and NAA on The Percentage of Ex-

plants Forming Callus 

 

The percentage of explants that 
formed a callus was observed and calculated 
based on the number of explants that had 

swelling and callus appeared in the form of a 
lump (nodule) on the injured or sliced 
explants. 

 
Table 2: ANOVA explants form callus 

 Df 
Sum 
sq 

Mean 
sq 

F-
Value 

F-
Table 
5% 

Treatment 8 4,518 0,564 5,083* 2,231 
Error 18 2 0,111   
Total 26 6,518    

Note: (*) = Significant 
 

According the results of ANOVA the 
number of explants formed callus (Table 2), 
the combination concentration of the 2,4 D 

and NAA had a significant effect on the per-
centage of the number of explants forming 

callus. 
 

Figure 1. The effect of combination 
concentration 2.4 D and NAA on percentage 
explants forming callus 

Note: The same letter are not significantly 
different at the 5% level of significance 
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Based on graphic data (Figure 1), that 
the difference in the percentage of explants 

forming callus in each treatment is thought 
to be due to the effect of the combination 
concentration of 2,4 D and NAA. Treatment 

A4, A6, A7, A8, and A9, it was presumed 
that it inhibited the response to explants and 

caused stagnation, because explants did not 
form a callus that did not reach 100%. 

The treatment of PGR's concentrations 

can inhibit and cause stagnation, due to an 
imbalance between endogenous hormones 

(phytohormones) and the administration of 
exogenous hormones (growth regulators), so 
that the unbalanced dose can inhibit the 

growth of explants to form callus. [11]. 
Explants in stagnation conditions will 

remain alive but do not grow from the 
beginning of culture until a certain time, 
which can be caused by several factors, such 

as the condition of the media which causes a 
cell not stimulate to carry out the division 

process [12]. 
The higher of combination 

concenteration auxin PGR's added to 

Amorphphallus paeoniifolius explant the 
lower percentage of callus formation [13]. 

The Early Day of Callus Appears 

 

The early day of callus appears begins 

with the appearance of callus shaped lumps 
(nodules) on part of explant that wounded 

and direct contact with the culture media. 
A nodule is a callus aggregate that 

fused with a clustered mass that is round or 

globular like a lump on the edge of a leaf 
slice or wounded [14], have an abnormal 

growth and potential to develop into roots, 
shoots and embryoids which can then grow 
and develop into plantlets [15], and the ini-

tial stage of indirect organogenesis devel-
opment, until the stage of shoot or root for-

mation [16]. 
 

 
Figure 2. Appearance of callus in the form 

of nodules 

 

The early day of callus appears was 
observed visually every day by calculating 
the average day of callus emergence in each 

replication in each treatment. 
 

 
Figure 3. The effect of combination 
concentration 2,4 D and NAA on the 

average day callus emergence 

 

According the graphic data (Figure 3), 

that the fastest explant response to callus 

formation occurred 24 days after planting on 

treatment A2, and the longest callus for-

mation occurred at 68 days after planting on 

treatment A4. Meanwhile on the treatments 

A7 and A9 there were no explants forming 

callus due to stagnation of explants. It is also 

known that early explants formed callus oc-

curred within about 24-68 days after plant-

ing or about 3-9 weeks after planting. 

Differences the time period or early 

explants response to the treatment, were pre-

sumed from the combination concentration 

of 2,4 D and NAA. Conditions like this can 

happen because, the higher combination 

concenteration of 2,4 D and NAA used as 
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auxin-class PGR's, the longer the explants 

respond to treatment. 

 Auxin hormone 2,4 D and NAA are 

compounds that commonly used to cell divi-

sion at levels about 0,1-50 µM because they 

have the advantage of being stable in heat in 

an autoclave, but having disadvantage due to 

slow failure for plant cells, so the addition of 

2,4 D and NAA are sometimes added to-

gether with kinetin and BAP (cytokinin) at 

0,1-10 µM levels to induce callus [17], the 

addition of a concentration of 2,4-D that was 

too high resulted in slow callus growth in 

small amounts, this was due to an imbalance 

between endogenous auxin hormones in the 

form of IAA (auxin), which is mostly pro-

duced on explants from apical meristem 

buds, young leaves and embryos in seeds 

[18]. 

 

Callus Color and Texture 

 

Observation of callus color and tex-

ture, which is part of callus morphology, 
was carried out 3-9 weeks after planting us-
ing a light microscope for microscopic ob-

servations. The results of visual observations 
on callus color were then compared with the 

color chart (score) on the Munsell color 
chart for plant tissues, then the results were 
observed and identified to determine callus 

color and texture (Table 3). 
 

Table 3: Callus Color and Texture 

Treatment  Color Score Texture 

A1 
Yellow-
Brown 

2.5 Y 
6/6 

Compact 

A2 Yellow 
2.5 Y 

8/8 
Intermediet 

A3 Yellow 
2.5 Y 
8/6 

Intermediet 

A4 Yellow 
5 Y 

8/6 
Intermediet 

A5 
Yellow-
Brown 

2.5 Y 
7/4 

Compact 

Treatment  Color Score Texture 

A1 
Yellow-

Brown 

2.5 Y 

6/6 
Compact 

A2 Yellow 
2.5 Y 
8/8 

Intermediet 

A3 Yellow 
2.5 Y 
8/6 

Intermediet 

A6 Yellow 
2.5 Y 
8/6 

Intermediet 

A7 - - - 

A8 Yellow 
5 Y 
8/10 

Compact 

A9 - - - 

Note: (-) = Stagnation 
 

Differences in color and texture callus 

indicate different phases of growth and 
development of cells or tissues as well as 

regeneration power in forming organs. 
Commonly, on young and actively dividing 
tissue the callus is white and on mature 

tissue it is yellowish white, meanwhile the 
callus texture with granules or nodules form 

and a clear color, has a higher ability to form 
organs, compared to callus that compact and 
brown-black color [19]. 

Callus with a compact texture has a 
dense structure and is difficult to separate, 

while callus with an intermediate texture is a 
callus that has a texture partly compact and 
partly friable [20]. Friable callus and white 

color will be embryogenic and the cell divi-
sion will faster than compact callus [21], 

while callus compact formed because the 
lignification process on callus formation, so 
that the callus has a hard texture [22]. 

 
Figure 4. (a) Callus with yellow color and 

intermediate texture on treatment A6 (b) 
Callus with yellow-brown color and com-
pact texture on treatment A5 

 



Nur Khozin et al, 2024   127

 

 

 

Effect of Combination Concentration 2,4 

D and NAA on The Percentage of Ex-

plants Forming Roots 

 

The percentage of explants forming 
roots was observed and calculated based on 

the number of explants that had formed cal-
lus and developed into roots on the part of 

explants that wounded or sliced. 
 

Table 4: ANOVA explants forming roots 

 Df 
Sum 
sq 

Mean 
sq 

F-
Value 

F-
Table 
5% 

Treatment 8 5,629 0,703 19* 2,231 
Error 18 0.667 0,037   
Total 26 6,296    

Note: (*) = Significant 
 

According the ANOVA results, the 
number of explants formed roots (Table 4), 

the combination concentration 2,4 D and 
NAA had a significant effect on the 
percentage explants that formed roots. 

 

 
Figure 5. The effect of combination 
concentration 2,4 D and NAA on percentage 

explants forming root 
Note: The same letter are not significantly 

different at the 5% level of significance 
 

According the graphic data (Figure 5) 

that the combination concentration 2,4 D 
and NAA with different levels is presume 

have a relationship with the development of 
explants in forming roots. The difference 
can be seen in treatments A3, A4, A6, A7, 

A8, and A9 which inhibit the emergence of 

roots until stagnation. The combination of 
2,4 D and NAA with higher concentrations 

can inhibit root formation due to an imbal-
ance of exogenous and endogenous. 

Root formation will develop at a 

combination of 2,4 D and NAA with low 
concentrations and NAA, and will be 

inhibited at higher concentrations, so the 
addition of combination concetreations 2,4 
D and NAA has different roles for inducing 

roots depending on the species and type of 
explant used [23]. 

The combination concentration  of 
high auxin can inhibit root induction is 
presumed because the combination and 

concentration of exogenous auxin that added 
cause an imbalance between endogenous 

auxin-cytokinin content in plant tissues 
(phytohormones), so that the addition of 
optimal concentrations is a factor that can 

determine whether roots are formed or not 
on explants [24]. 

 

The Early Day of Roots Appears 

 

The early day of roots appears was ob-
served visually every day by calculating the 

average day of roots emergence in each rep-
lication in each treatment. 
 

 
Figure 6. The effect of combination 
concentration 2.4 D and NAA on the day 

root appears 
 

According data on the graph (Figure 

3), that the fastest root formation occurred at  
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46 days after planting in treatment A2, and 

the longest occurred at 89 days after plant-
ing in treatment A1. Meanwhile treatments 

A3, A4, A6, A7, and A9 there were no ex-
plants in forming roots due to stagnation. 

According to the graph, it is known 

that the early day of explants formed roots 
occurred about 46-89 days after planting or 

about 6-12 weeks after planting. The 
combination of auxin-cytokinin PGR's in 
Amorphophallus campanulatus B. recorded 

callus initiation and regeneration days 
around 4-12 weeks after planting. [25]. 

Comparison of higher concentrations 

of auxin hormones than cytokinins, and the 

use of explants with young leaves is faster in 

root formation [26]. 
 

 
Figure 7. Roots emerge from explants that 

have formed callus 
 

Type of Organogenesis 

 
Organogenesis is the mechanism of 

callus development in forming roots was 
observed every day after planting. Observa-

tion of regeneration callus and roots by ob-
serving the explants that forming roots 
through the callus phase or not through the 

callus phase. 
 

Table 5: Type of Organogenesis 

Treatment 
sample 

Callus Root Organogenesis 

A1 + + Indirect 

A2 + + Indirect 

A3 + - Indirect 

A4 + - Indirect 

A5 + + Indirect 

A6 + - Indirect 

A7 - - - 

A8 + + Indirect 

A9 - - - 

Note: (-) = Stagnation. 

 
Based on qualitative data from obser-

vations of organogenesis mechanism varia-

bles (Table 5), that on treatments A1, A2, 
A3, A4, A5 and A6 organogenesis occurred 

indirectly because explants through the cal-
lus formation first and was an indirect or-
ganogenesis type. Meanwhile on treatments 

A7 and A9, callus and root formation not 
occurred due to stagnation. Treatments that 

did not form roots, but callus was formed, 
such as treatment A3, A4, and A6, because 
the treatments caused explants stagnated in 

the callus phase. 
 The different of combination concen-

trations of 2,4 D and NAA determined the 
organogenesis process on forming roots. 
This happens because the effect from the 

addition of combination concentrations 
treatment of 2.4 D and NAA, so that the 

combination of 2.4 D and NAA in low con-
centrations leads to an indirect process of 
organogenesis, while at higher concentra-

tions it can cause stagnation on exsplan 
phase or callus phase. 

Direct organogenesis through the 
stages of explants, meristemoid, primordia, 
and organs, while indirect organogenesis 

through the stages of explants, callus, 
meristemoid, primordia, and organs [27]. 

Direct and indirect organogenesis in produc-
ing adventitious shoots or roots is influenced 
by the combination and concentration of 

PGR's that used, because if the auxin ratio 
greater than cytokinin, it will produce roots, 

and if the auxin ratio is smaller than cytokin-
in it will produce shoots, meanwhile the 
formation of callus occurs when the ratio of 

auxin and cytokinin is 1:1 [28]. 
The addition of exogenous auxin and 

cytokinin (PGR's) can change the concentra-
tion of endogenous hormones in cells or tis-
sues plant. The effectiveness of auxin or cy-
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tokines PGR's is related to the concentration 

of endogenous hormones in plant tissue, it is 
because endogenous hormones are very 

abundant on young explants that have meri-
stem tissue, that are actively growing, such 
as shoot tip and root [29]. 

Stagnation on explants or callus phase 
at the high  of combination concentration, 

because the increase of auxin concentration 
can decrease and inhibit the formation of 
embryoids (non-zygotic embryos or embryo-

like structures produced from somatic cells), 
so that with exogenous auxin (PGR's) 

stimulation at the right doses, the competent 
cells and tissues can regenerate to form 
organs [30]. 
 

4. CONCLUSION 

 Based in the results of this study con-
cluded the following, such as: 

1. The combination concentration treatment 
of 2,4 D and NAA have the significant 

effect on callus and root formation of 
(Amorphophallus muelleri B.) 

2. The combination concentration of 2 ppm 

2,4 D and 2 ppm NAA is the best 
treatment on the callus formation process 

in terms of 100% callus emerge and the 
early day appears at 24 days after 
planting. 

3. The combination concentration of 2 ppm 
2,4 D and 2 ppm NAA is the best 

treatment on the process of root 
formation in terms of percentage roots 
emerge 100% and the early day roots 

appears at 46 days after planting. 
4. Regeneration of root formation occurs 

indirectly or type of indirect organogene-
sis. 
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