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Abstract: Callus induction of F. moluccana (sengon) was still an obstacle to indirect organogenesis 
regeneration. The purpose of the study was to determine the callus induction formation from root 
fragments of F. moluccana plantlets. Primary explants (fragments of roots) were cultivated on MS 
induction basal media and three concentration combination of PGRs (BAP and NAA): 0.5 ml/l BAP; 
0,1 ml/l NAA (single PGR); and combination of 0.5 ml/l BAP + 0.1 ml/l NAA (double PGR). When 
roots were used as explants, high formation rates of callus (more than 70%) were obtained. Highest 
formation rates of callus were in NAA added at all clones (12 clones), then BAP added (7 clones) 
and BAP + NAA added (5 clones). The results indicated that BAP and NAA concentrations used in 
the media were influence the producing callus and affect the amount of callus produced from roots 
of sengon. The addition of NAA also gives higher callus proliferation results than the addition of 
BAP or the addition of a combination of the two hormones. The results indicated that BAP and NAA 
concentrations used in the media were influence the producing callus and affect the amount of callus 
produced from roots of sengon.  
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1. Introduction 
Falcataria moluccana (Miq.) Barneby & J. W. Grimes belong to the Fabaceae fam-

ily, also known as sengon in Indonesia, is native to Indonesia, Papua New Guinea, 
and the Solomon Islands [1](Larsen, 1993). The wood of this species has been used for 
light-construction materials, veneer, particle board, and pulp. One of the forest-breed-
ing programmed is to develop selected clones of valuable woody trees. To enhance 
the efficiency and success rate of this breeding programmed, more rapid and cost-
effective methods are needed. Conventional breeding methods are often constrained 
by the long reproductive cycles and by the difficulty in achieving significant improve-
ments to complex traits such as wood properties, disease and pest control, and toler-
ance to abiotic stress [2]. Tissue culture has a potential to solve these problems. How-
ever, only a few reports on tissue culture of sengon are available and all of the research 
use the generative material from unselected seeds for explants [2, 3] and it is not clear 
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whether there are multiple mechanisms of callus initiation in different species and in 
different organs [4].  

The ability to form callus in tissue culture varies in diverse species. Not all so-
matic cells are competent to form callus; only a group of adult stem cells, i.e. regener-
ation-competent cells, may initiate regeneration [5]. In Arabidopsis, the pro-cambium 
and some vascular parenchyma cells in leaves and the xylem-pole pericycle cells in 
roots may serve as regeneration competent cells, while in rice the bundle sheath and 
some immature vascular cells in leaves and the phloem-pole pericycle cells in roots 
may serve as regeneration-competent cells (6). These competent cells are responsible 
not only for callus initiation but also for root primordial initiation during adventitious 
root (AR) or lateral root (LR) formation [5]. There have been few reports on the regen-
eration of plants root culture, as these explants have been found to be recalcitrant with 
respect to the formation of morphogenic callus. If their recalcitrant nature could be 
overcome, roots would be an ideal explant source for obtaining regenerated plants. 
Roots are plentiful, available at all times, are easy to excise and are also a well-defined 
source of meristematic tissue. [7] also stated that the un-pigmented nature of root pro-
toplasts made them ideal for use as markers in protoplast fusion work. Due to the 
uniqueness of these legume roots, callus culture research has never been conducted 
using roots as explant material.  

An important factor reported in several species with regard to callus induction 
is the explants type, example: nodal segmen of medicinal tree Premna serratifolia L. [8], 
inter- nodal segments of T. grandis L.f. [9] and young leaves and shoot tips of L. ca-
mara (Saxena et al., 2013). In addition, there was variation in the plant growth regu-
lators used to induce callus, only indole acetic acid (IAA) [8], BA (Srinivasan et al., 
2012) and 2,4-dichlorophenoxyacetic acid (2,4-D) (Saxena et al., 2013) as well as a com-
bination of BAP and NAA [8].  

In the present study, in vitro culture of root fragment callus induction from se-
lected vegetative plantlet material were investigated for the establishment of efficient 
micro propagation protocol of sengon, multi purposes of tropical fast-growing tree, 
for mass propagation. 
 

2. Materials and Methods 
The study was located at the tissue culture laboratory in Centre for Forest Bio-

technology and Tree Improvement, Yogyakarta, Indonesia. Research observations 
were carried out for 12 months, from January 2018 to January 2019. The equipment 
used in this study conformed to tissue culture laboratory standards.  
Plantlet preparation  

The selected sengon plantlets were obtained from Balai Besar Penelitian dan 
Pengembangan Bioteknologi dan Pemuliaan Tanaman Hutan (BBPPBPTH), Yogya-
karta. Selection of plantlets based on the sprouting ability from one explant in vitro 
that was carried out in previous research conducted by Putri, 2017 [10]. The source of 
the plantlets was vegetatively from 3 clones sengon micro propagation. Axenic cul-
ture in MS (Murashige & Skoog) [11] basal media supplemented with BAP (6- 
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Benzylaminopurine) 1 ml/l, NAA (1-Naphthaleneacetic acid) 1 ml/l, 3% sucrose and 
0.2% agar, whose pH was adjusted to 5.7 ± 0.1 was used as sources of root fragment 
for callus induction.  

 
Callus induction  

The cutting of the roots as explants from the plantlets was aseptically carried 
out in laminar air flow (LAF). Root pieces were directly transferred to callus media. 
Each explant was cultured in MS media with a combination of a cytokinin (BAP) and 
an auxin (NAA) at different concentrations (1000 ppm solution each): 0.5 ml/l BAP; 
0.1 ml/l NAA (single PGR); and combination of 0.5 ml/l BAP + 0.1 ml/l NAA (double 
PGR), cultured in 16 hours a light photoperiod (50 ~ 70 μ mol/m2/s) and sub-cultured 
every month until 6 months of incubation. The effect of the hormone combination was 
tested on 20 replications of the explants from 3 clones for each treatment. The callus 
formation rate was recorded after 6 weeks of culturing. The following equation was 
used for determining for callus formation rate: 
 
Callus formation rate =  Number of roots with callus x 100%  

Number of incubated roots  
 
After 6 months incubation, formation rate, callus proliferation and callus color were 
observed. The overall study was carried out for 12 months at tissue culture laboratory. 
  

3. Results 
The roots of plantlet used as the material for this study, one of the successes of 

sengon tissue culture that Putri [10] has done in previous research, were derived from 
vegetative micro cutting (Figure 1.A). These plantlets were sub-cultured 3 times, 4 
weeks each sub-culture since the transfer of explants.  

 

                                 
 
Figure 1. Sengon micro cutting plantlets (A), and roots from the plantlet used as the 

material for this study (B) (documentation by Putri, 2018)  

 

A B 
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Table 1 shows the formation rate, callus proliferation and callus color of sengon  
induced from 3 clones of explant in MS media with a combination of single and dou-
ble PGRs after 6 weeks of culture.  
 
Table 1. Formation rate, callus proliferation and color of callus induced from 3 sengon 

clones of explant in MS media with single and double PGRs after 6 weeks of 
culture.  

 
Clones BAP NAA BAP & NAA 

FR 
(%) 

P C FR 
(%) 

P C FR 
(%) 

P C 

Clones 1 

C.1.1 100 + B 100 ++ BG 90 + B 

C.1.2 100 ++ BB 100 ++ BW 90 + B 
C.1.3 80 ++ B 100 ++ BW 100 + B 

C.1.4 100 ++ B 100 +++ BY 70 ++ G 
C.1.5 85 + B 100 ++ BG 70  BB 

Clones 2 

C.2.1 80 + B 100 ++ WG 100 + B 
C.2.2 100 ++ B 90 +++ BG 100 + B 

C.2.3 80 + B 100 ++ B 80 ++ BW 
C.2.4 70 +++ B 80 ++ WG 90 ++ BW 

C.2.5 70 ++ B 100 +++ BG 90 + B 

Clones 3 
C.3.1 100 ++ B 100 ++ B 70 + G 

C.3.2 70 + B 100 ++ BY 70 + B 
C.3.3 70 ++ BB 100 + BW 100 ++ B 

C.3.4 100 ++ BW 90 + BB 100 ++ BW 

C.3.5 100 +++ BW 100 ++ B 70 + B 
Note: Formation rate (FR), Callus proliferation (P): -, no callusing; +, low; ++, moderate; +++, high. 

Callus color (C): B, brown; BG, brownish green; BB, brownish black; BW, brownish white; 

BY, brownish yellow; G, grey; BW, brownish white; WG, whitish green. Data were 

recorded after 6 weeks of culture. MS medium was used as a basal medium.  

 

During experiment we observed formation of seven callus color (Figure 2). BAP 
has a browner (B) effect on callus, followed by NAA, while the effect of the 
combination of BAP and NAA is more diverse in color and all textures were friable 
and different stages.  
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Figure 2. The effect of PGR on various callus colors, brown (A), brownish green (B), 
brownish black (C), brownish yellow (D); brownish white (E), grey (F); and 
whitish green (G), (documentation by Putri, 2018) 

 
Microscopic observation showed callus development at week 4 and week 6 of 

incubation (Figure 3). Globular friable callus develops to a larger size to form the next 
callus phase. PGRs stimulated cell elongation by increasing of plasticity of the cell 
wall to become loose, causing water to easily flow to the inner cell by osmosis, causing 
the cell to become elongated [12]. 
 

 

A B 

C D 

E F 
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Figure 3.  Microscopic development of calluses at 4th week incubation (A) and at 6th 
week incubation (B), globular friable callus develops to a larger size (an 
arrow), (x 100 microscop magnification ) (documentation by Putri, 2018). 

 
4. Discussion 

Macro and micro vegetative propagation of sengon has never been successful 
before, one of the obstacles to the propagation of macro sengon is that it does not form 
roots, which occurs in vitro (Figure 1.B) [10]. One thing that affects the success of sen-
gon micro cutting is the availability of nutrients and controlled abiotic and biotic en-
vironmental conditions. In Table 1 shows the formation rate, callus proliferation and 
color of callus induced from 3 clones of explant in MS media with a combination of 
single and double PGRs after 6 weeks of culture. When roots were used as explants, 
high formation rates of callus (more than 70%) were obtained. Highest formation rates 
of callus were NAA added in all clones (12 clones), then BAP added (7 clones) and 
BAP + NAA added (5 clones). The results indicated that BAP and NAA concentrations 
used in the media were influence the producing callus and affect the amount of callus 
produced from roots of sengon.  

The addition of NAA also gives higher callus proliferation results than the ad-
dition of BAP or the addition of a combination of the two hormones. Auxins (NAA) 
have many effects and can modulate diverse processes and tropic responses (re-
viewed in [13]. In in vitro culture, exogenous auxins are assumed to orientate devel-
opmental pathways and to favour either callogenesis or rhizogenesis according to the 
concentration [14]. However, there are few comparative detailed studies of the effects 
of changes in auxin concentrations during callogenesis and rhizogenesis. Although, 
NAA is rarely used in indirect somatic embryogenesis processes, this hormone has 
been used to study the switch between distinct organogenic pathways [5]. Table 1 also 
shows that of the 3 sengon clones tested had no effect on formation rate, callus prolif-
eration and color of callus.  

There have been few reports on the regeneration of plants from root cultures of 
sengon, as these explants have been found to be recalcitrant with respect to the for-
mation of morphogenic callus if their recalcitrant nature could be overcome, roots 
would be an ideal explant source for obtaining regenerated plants. Roots are plentiful, 
available at all times, are easy to excise and are also a well- defined source of meriste-
matic tissue. [16] also stated that the unpigmented nature of root protoplasts made 
them ideal for use as markers in protoplast fusion work.  

Figure 2 shows that the wall cell has not reached lignification yet because of 
friable calluses contain much water, and the group of cells can be easily separated 
from the others. The callus texture from the explant can be distinguished as friable 
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and non-friable. The non-friable callus has compact and tight cells that are difficult to 
separate. In contrast, a friable callus from an explant has loose cell interaction that is 
easily detached using tweezers. The resulting color variations might be due to the 
diverse types of growth regulators, the difference in growth regulator concentration, 
but not the clones of. Compared to single PGR, a combination of auxin and cytokinin 
resulted in a callus color that was greener, caused by cytokinin, which tends to 
promote chlorophyll formation [17] . According to [18], various callus color 
conditions could be caused by the pigmentation, the influence of light, and the plant 
parts used as the source explant. Table 1 also shows that of the 3 sengon clones tested 
had no effect on formation rate, callus proliferation and color of callus. 

Callogenesis is the initial response, characterized by the formation of the callus, 
which starts from the edge of the explant (wounded part) at the top and bottom of the 
sengon roots that has direct contact with the medium. The callus is formed faster and 
bigger size on the part that has direct contact with the media (Figure 3). This is 
probably related to the process of nutrient uptake in the medium by the explant. The 
appearance of the callus on the wounded part might be caused by the excitement of 
the tissue on the explant to cover the wound. [19] stated that the cell division that 
leads to the callus formation occurs from the injuries and both the natural and 
artificial hormone supply from the outside into the explant. Light is an external factor 
that influences callus formation. The color change that exists in the callus was because 
of pigment, nutrients, and environmental factors, such as light. White light could 
induce callus formation and organogenesis in the plant tissue. A callus that has 
yellowish green and green color was formed with the addition of cytokinin (BAP). 
The green color was because of chlorophyll, mainly because cytokinin has a function 
in the formation of chlorophyll in the callus and due to environmental factors, such 
as exposure to light [20]. [21] claimed that the color change in the callus from white to 
green was due to chlorophyll formation.  

 
5. Conclusions 

In conclusion, this study indicates that 0.5 ml/l BAP; 0.1 ml/l NAA (single PGR); and 
combination of 0.5 ml/l BAP + 0.1 ml/l NAA (double PGR) can potentially be used to 
obtain the best callus stimulation from the roots explant source of sengon. The study 
has also shown that clones had no effect on friable callus formation from root 
fragments of sengon as explants. Further research needs to be conducted to examine 
the PGRs for next callus phase of sengon. 
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