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Abstract. An in vitro protocol for callus proliferation and development of Coffea liberica was developed. Immature leaf 

sections (1 x 1 cm) were cultured on solid MS medium supplemented with 2,4-D (0, 0.5, 1.0 and 2.0 mg L-1) and 2-iP (0, 1.0, 2.0 
and 3.0 mg L-1). Cultures were maintained at temperature of 25 ± 1 °C, light intensity of 50 µmol m-2 s-1 and 16-hours daily 
photoperiod for 6 months. Callus growth and characteristics were evaluated for 6 months of culture. It was found that the application 
of 0.5 mg L-1 2.4-D + 2.0 mg L-1 2-iP resulted in the best time for callus induction (13.47 days after culture initiation). The 
application of 0.5 mg L-1 2.D + 2.0 mg L-1 2-iP and 1.0 mg L-1 2.4-D + 1.0 mg L-1 2-iP resulted in the highest frequency of explant 
forming callus (56.67% on the average). The morphology of proliferated callus varied from clear, white-creamy, light yellow and 
brown in color, and friable to compact in structures. 
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INTRODUCTION 

 

Coffea is a member of the Rubiaceae family, whose 
seeds, are used for various coffee beverages and 
products. This plant is native to tropical and southern 
Africa and tropical Asia. There are at least 130 coffea 
genera have been recorded so far Campos et al. [6], and 
three of them are known as major genera within the 
familiy: C. arabica, C. canephora and C. liberica.  

Coffea liberica is quite popular among farmers in 
the Tanjung Jabung Barat Regency of Jambi Province, 
Indonesia, and is known as Liberika Tungkal Komposit 
(Libtukom) clone. The propagation of Libtukom is 
normally by a generative method using seeds collected 
from field grown plants. The weakness of this method 
is that the nature of the progenies produced is less 
uniform and the time from planting to fruiting is 
relatively long. On the other hand, methods of 
conventional vegetative propagation through cutting or 
grafting are hampered by the limited amount of stock 
plant material and are seasonally dependent. 

Another method of Libtukom propagation is 
through micropropagation. This technique could 
provide a viable alternative to conventional methods of 
propagation and offers massive scale and uniform 
progenies in a relatively short time [27]. More 
importantly, as the initial plant materials are from 
somatic tissues, the progenies derived from 
micropropagation will have similar important parental 
traits.  

Coffea propagation through tissue culture has been 
successfully made for arabica and canephora species 
[1, 6, 7, 9, 13, 14, 21]. A study conducted by the 
Indonesian Agency for Agricultural Research and 
Development since 2012 showed that fully-opened 
immature leaves were appropriate plant materials for 
induction of tissue culture of C. arabica [11]. The 
effective use of young leaves as explant materials for 
induction of C. arabica tissue culture was also reported 
[1, 2]. In C. liberica, however, this is among few 
reports on tissue culture induction according to our 
knowledge. The effects of various concentrations of 

2,4-Dichlorophenoxyacetic acid (2,4-D) and N6-(2-
Isopentenyl)adenine (2iP) on callus formation and 
proliferation on immature leaf explants of C. liberica 
were studied. 
 
MATERIALS AND METHODS 

 

Explant materials used were immature leaf sections 
of C. liberica clone Libtukom. The stock plants 
originated from field-grown individuals cultivated in 
Parit Tomo Village, Tanjung Jabung Barat Regency, 
Jambi Province, Indonesia. 

Murashige and Skoog (1962) (MS) [16] medium 
supplemented with 20 g L-1 sucrose, vitamins, and 
solidified with 2 g L-1 gelrite was used. The pH was 5.7 
and the medium was autoclaved at 121 °C for 20 
minutes. 

The plant growth regulators tested were 2,4-D (0, 
0.5, 1.0 and 2.0 mg L-1) and 2-iP (0, 1.0: 2.0 and 3.0 
mg L-1). Thus, there are 16 treatment combinations 
with 3 replicates. Each replicate consisted of 10 culture 
flasks containing one explant each. 

Immature leaves were isolated from stock plants in 
greenhouse, washed thoroughly with 100 mL of sterile 
distilled water with four drops of Tween-20. After 
rinsing with sterile water, the leaves were soaked in 
0.2% Dithane M-45 solution for 20 minutes, followed 
by soaking in 0.1% NaOCl solution for 20 minutes 
before being rinsed three times with sterile distilled 
water. 

Leaf segments of approximately 1 cm2, excluding 
midvein, leaf margins, and apical and basal parts were 
cultured on the above mentioned medium (one 
segment/flask). Cultures were kept in a culture room at 
25 ± 1 °C, light intensity of 50 µmol m-2 s-1 and 16-
hours daily photoperiod for 6 months. Subcultures 
were made every 8 weeks onto fresh medium with the 
same composition and growth regulators supplement. 
The process of callus formation was directly observed 
from the beginning of planting, and data were recorded 
on a weekly basis. The evaluated variables were callus 
induction time from culture initiation, the percentage of 
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explants forming callus, and the morphology of 
proliferated callus. 
 
RESULTS 

 
Callus proliferation was successfully induced from 

immature leaf explants of C. liberica cultured on 
medium with 2,4-D and 2-iP. The presence of 2,4-D 
along with 2-iP in culture medium promoted callus 
proliferation. On the other hand, the absence of 2,4-D 
and/or 2-iP resulted in the failure of callus formation.  

The initial response of explants was the formation 
of swollen structures at the edges of cut section. Callus 
growth was first seen on the surface of explants within 
two weeks after culture initiation, and two weeks later 
callus was clearly formed on the surface of explants, 
except those cultured in medium without growth 
regulators or medium treated with 1.0 mg L-1 2-iP 
alone (Table 1). 

The color of callus formed on the surface of the 
explants varied from clear brown, white-creamy, light 
yellow, greenish yellow and dark brown, with friable 
or compact structure (Table 2). 

DISCUSSION 

 

The application 0.5 mg L-1 2,4-D combined with 2-
iP at 2.0 mg L-1 gave the best results for callus 
proliferation rate (13.47 and 14.83 days after culture, 
respectively). The combination of 2,4-D and 2-iP also 
enhanced the number of explant forming callus. The 
highest number of callusing explants (56.67%) was on 
culture medium with 0.5 mg L-1 2,4-D + 2.0 mg L-1 2-
iP or 1.0 mg L-1 2,4-D + 1.0 mg L-1 2-iP. In addition, 
the application of 1.0 mg L-1 2,4-D without 2-iP lead to 
high percentage of explants forming callus (53.33%). 
This suggests that the presence of 2,4-D in culture 
medium is important to stimulate callus proliferation 
on immature leaf explants of C. liberica. This is in 
accordance with the finding of Rahman et al. [18] on 
rubber tissue culture, where the application of 1.0 – 2.0 
mg L-1 2,4-D produced callus. When the concentration 
of 2,4-D was increased to 2.0 mg L-1, however, it was 
important to add 2.0 mg L-1 2-iP in culture medium in 
order to produce high callus proliferation (50.00% of 
cultured explants). 

 

 

Table 1. The effect of 2.4-D + 2-iP on callus proliferation on immature leaf explants of C. liberica 
 

Growth regulators Callus formation 

2.4-D (mg L-1) 2-iP (mg L-1) 
Induction time 

(number of days after 
culture initiation  ± SE)) 

Percentage of callusing 
explants (% ± SE) 

0.0 0.0 - - 
 1.0 - - 
 2.0 16.83 ± 2.17  13.33 ± 10.18 
 3.0 17.00 ± 7.00  6.67 ± 4.44 

0.5 0.0 17.00 ± 0.00  3.33 ± 3.33 
 1.0 14.92 ± 2.07  30.00 ± 13.56 
 2.0 13.47 ± 0.96  56.67 ± 15.75 
 3.0 20.00 ± 3.47  26.67 ± 12.96 

1.0 0.0 19.67 ± 1.44  53.33 ± 15.07 
 1.0 18.28 ± 0.99  56.67 ± 8.68 
 2.0 14.83 ± 1.83  20.00 ± 13.33 
 3.0 18.43 ± 1.96  43.33 ± 14.95 

2.0 0.0 18.50 ± 2.29  13.33 ± 7.37 
 1.0 17.58 ± 1.92  16.67 ± 11.39 
 2.0 23.13 ± 2.05  50.00 ± 8.96 
 3.0 23.00 ± 1.00  16.67 ± 11.39 

 
 

Table 2. The effect of 2.4-D + 2-iP on the characteristics of callus formed on immature leaf explants of C. liberica 
 

Growth regulators Charateristics of callus 
2.4-D (mg L-1) 2-iP (mg L-1) Callus color Callus structure 

0.0 0.0 - - 
 1.0 - - 
 2.0 Brownish cream Compact 
 3.0 Clear, white, cream Compact 

0.5 0.0 Brownish cream Compact 
 1.0 White, cream, light yellow Friable to compact 
 2.0 Clear, white, cream, light yellow Compact 
 3.0 Clear, white cream, light yellow Friable to compact 

1.0 0.0 White.cream, light yellow Compact 
 1.0 White.cream, light yellow Compact 
 2.0 Brownish cream Compact 
 3.0 Light yellow, cream, brown Compact 

2.0 0.0 Light yellow, cream, Compact 
 1.0 White, cream, light yellow Compact 
 2.0 Clear, white, cream, brown Compact 
 3.0 Clear, white, cream Friable to compact 
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The difference of in vitro response showed by 
immature leaf explants of C. liberica is believed due to 
the difference in the balance of the 2,4-D and 2-iP in 
culture medium. As a comparison, in C. arabica tissue 
culture, Riyadi and Tirtoboma [19] reported that the 
application of 4.0 mg L-1 2,4-D + 0.1 mg L-1 kinetin 
resulted in massive callus formation following 10 days 
after culture initiation. Callus started to proliferate 
from the wounded edge of explants, and proembryos 
were clearly identified two weeks later. 

The color of callus proliferated on the explants 
surface in tissue culture is a visual indicator indicating 
that cells are actively dividing and growing or have 
already died. White, cream or yellowish callus 
indicates cells are growing, while brown callus 
indicates decreasing in growth. In this study, the color 
of callus was dominated by white-creamy, light yellow 
and yellowish green in color, and friable to mostly 
compact in structure. These properties indicate the 
general characteristics of embryogenic callus in C. 

arabica [6, 8, 17, 22]. The appearance of yellow 
embryogenic callus were not only found on coffee, but 
also on other species such as Jatropha curcas [25], 
sugarcane [5], and rubber [18]. 

In addition to color, its structure was also used to 
assess the embryogenic capacity of a callus clumps. 
Visual observations on calluses formed on the surface 
of immature leaf explants of C. liberica exhibited 
friable to compact structure (Table 2). This was in 
accordance with the findings of Ardiyani [2] in tissue 
culture of C. liberica clone Arruminensis. Friable 
callus was produced on explants treated with 2.0 mg L-

1 2,4-D + 3.0 mg L-1 2-iP, 0.5 mg L-1 2,4-D + 3.0 mg L-

1 2-iP, 0.5 mg L-1 2,4-D + 1.0 mg L-1 2-iP, and 1.0 mg 
L-1 2,4-D + 1.0 mg L-1 2-iP (Figure 1). Zulkarnain [26], 
Tapingkae et al. [23] and Kartika et al. [12] suggested 
that the structure of callus proliferating on the surface 
of explants may vary from friable to compact. Plant 
genotypes, type of explants, medium composition, 
growth regulators, environmental conditions of culture, 
and physiological age had a significant effect on 
embryogenic callus formation [23, 24, 26]. Friable 
structure was also reported by Romeida et al. [20] in 
embryogenic callus of Papilionanthe hookeriana. 

Bartos et al. [3] and Muniswamy et al. [15] reported 
embryogenic callus of C. arabica was characterized by 
a friable structure of intense yellowish color. In leaf 
explants of Lachenalia montana cultured on MS liquid 
medium supplemented with 0.23 mg L-1 2,4-D the 
structure of embryogenic callus was friable [4]. In 
Zingiber officinale, Guo and Zhang [10] claimed that 
the 2,4-D shock could serve as a trigger to induce cell 
division in the epidermal cells and promote their 
further differentiation to somatic embryos. On maize, 
Zhong et al. [24] reported that the optimum 2,4-D 
concentration for the initiation of embryogenic callus 
varied from 2.0 mg L-1 to 3.0 mg L-1. 

This work was among few contributions in the 
efforts  of  establishing  modern  clonal  propagation  of 

  
 

  
 

Figure 1. Morphology of callus proliferated on immature leaf 
explants of C. liberica. A = 2.0 mg L-1 2,4-D + 3.0 mg L-1 
2-iP, B = 0.5 mg L-1 2,4-D + 3.0 mg L-1 2-iP, C = 0.5 mg 
L-1 2,4-D + 2.0 mg L-1 2-iP, D = 1.0 mg L-1 2,4-D + 1.0 
mg L-1 2-iP. 

 
Coffea liberica we know so far. The significant 
findings of this investigation were: 
1. The presence of 2,4-D along with 2-iP in culture 

medium undoubtedly promoted callus proliferation. 
The absence of 2,4-D and/or 2-iP in the medium 
resulted in no callus formation. The application of 
1.0 mg L-1 2,4-D + 1.0 mg L-1 2-iP and 0.5 mg L-1 
2.4-D + 2.0 mg L-1 2-iP were the best combination 
for inducing callus proliferation. 

2. The proliferated callus was believed to have the 
opportunity to develop embryogenic properties and 
regenerate somatic embryos. To that end, the next 
stage of research would be the optimization of 
culture medium to induce somatic embryogenesis. 
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