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Abstract 
The effects of age (15 and 18 weeks after anthesis) of explants from oil palm (Elaeis guineensis) embryo axes, 

media type (Eeuwens and Murashige & Skoog) supplemented with various concentrations (10, 20, 30, 40, 50, 60 

and 120 mgl-1) of 2,4-D  on callus production, employing standard in vitro techniques were investigated. The 

results of the study showed that the type of response, time of initiation of callus, percentage germinating 

explants or percentage callusing explants were greatly affected by the age of explants, the concentrations of the 

growth regulator and type of media used. It was found that callus generation was best in the 18 weeks after 

anthesis embryo axes culture in Eeuwens’ medium supplemented with 2,4-D. The optimum concentration of the 

hormone was found to be 50 mgl
-1

 which initiated callus within 35 days in culture. The percentage callusing 

explants was 80 %. 
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Introduction 
In vitro culture has found wide applications in biotechnology for crop improvement (1; 2) and commercial 

exploitation (3; 4). In vitro culture refers to the culture of living materials (explant) on a defined nutrient 

medium, under sterile conditions (5). Under such conditions, the cells, tissues or organs multiply, continue with 

unorganised growth, known as callus and differentiate to regenerate whole plants (6). Narayanaswamy in 1975 

(7) defined callus as a rapidly proliferating undifferentiated mass of cells arising from an isolated differentiated 

tissue cultured on a nutrient medium containing specific growth hormones such as auxins and cytokinins. In 

vitro methods can be used to propagate a mother plant with desired characteristics, thus eliminating the problems 

of conventional propagation. More so, it has also been applied to areas such as somatic hybridization of sexually 

incompatible genera, genetic engineering and the production of rare and expensive plant products by cells in 

cultures. Presently, the most frequently used in vitro cultures are callus (tissue), cell suspension, organ, anther, 

pollen and protoplast cultures (8). Such cultures have provided information, which aids the understanding of the 

physiology of isolated plant parts and their interrelationship with the intact plants. 

Different types of explants are used for in vitro propagation of perennial crops. These include buds or meristem 

tips, zygotic embryos, differentiated organs and tissues, pollen and haploid cells of the female gametophyte. 

Several studies have shown that the growth stage of the explants is a critical factor affecting callus induction and 

plant regeneration (9, 10 & 11). For example, organogenesis is absent in explants obtained from more matured 

regions of an explant (12). Growth regulators are important in the induction and maintenance of callus and also 

in the induction of cell differentiation and morphogenesis. The type and amount of growth regulators in media 

are other important factors affecting the induction and maintenance of callus and also in the induction of cell 

differentiation and morphogenesis. The media used for callus induction vary depending on the type of explants 

(13, 14, 15, 16 & 17). In vitro propagation methods have been successfully developed for oil, date, coconut and 

some ornamental palms (18). 

The oil palm, Elaeis guineensis, Jacq. is one of the most important tree crops in Nigeria.  It is one of the main 

sources of vegetable oil for food and feeds. Seeds are generally used to propagate oil palm, although, there are 

some limitations associated with this (19). These have necessitated clonal propagation by tissue culture 

technique. To generate embryogenic calli capable of regenerating into whole plant, optimal physiological 

condition of donor plants, determination of the most productive explants, medium composition and the induction 

conditions must be evaluated for any plant before it’s in vitro culture (20). The aims and objectives of this study 

are to investigate the effects of explant age (oil palm embryo axes 15 and 18 weeks after anthesis {WAA}), 

auxin (2,4-Dichlorophenoxy acetic acid {2,4-D}) concentrations in different media (Murashige & Skoog {MS} 

and Euewens) on callus production from E. guineensis embryo axes, employing standard in vitro techniques. 
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Materials and Method 
This study was carried out in the Plant Physiology and Tissue Culture Division, Nigerian Institute for Oil Palm 

Research (NIFOR), Benin City, Nigeria. 

Plant material used 

Seeds of the oil palm (E. guineensis) used for this study were obtained from the Seed Production Division 

(SPD), NIFOR, Benin City. All seeds used were of the Tenera fruit form. The seeds were harvested at different 

stages after anthesis. Embryo axes from these seeds were carefully extracted and used. 

Culture and media preparation 

The effect of two types of nutrient media namely MS and Eeuwens’ media was investigated. The stock solutions 

for macro elements (A), micro elements (B), Iron source and organic nutrients of these media were prepared by 

accurately weighing out the respective salts (21 & 22). Each salt was weighed and dissolved in distilled water 

separately before mixing, in order to avoid formation of complex insoluble salts. The stock solutions were stored 

at 4 
o
C until required for use. The preparations were melted in an autoclave at 1bs/m

2
 pressure for 50 min at 100 

o
C and allowed to cool down before use. Following the melting of the stock solutions, the complete media was 

prepared as described by Dixon (12). Each of the melted media containing the various concentrations (10, 20, 

30, 40, 50, 60 and 120 mgl
-1

) of hormones were dispensed into labelled McCartney bottles giving seven (7) 

replicates for each treatment.  These were autoclaved at 151 bs/m
2
 pressure for 20 min at 121 

o
C.  After 

sterilization, the McCartney bottles were shaken gently to uniformly disperse the charcoal in the medium in the 

bottles. They were allowed to cool and solidify at room temperature. 

Extraction, surface sterilization and inoculation of embryo axes 

Viability test was first carried out on the seeds. This is useful in determining the wholesomeness of the seeds to 

be used. The test employed in this study was the floatation method. The seeds were placed in distilled water and 

those that floated were regarded as non-viable. The viable seeds were then soaked in distilled water for two 

hours to soften the endocarp tissue.  The embryo axes were extracted using a sterilized scapel and a pair of 

forceps.  The extracted embryos were surface sterilized by rinsing in 21 % sodium hypochlorite for 5 minutes.  

Traces of the sodium hypochlorite were removed by rinsing three times with distilled water (total rinse time 1h 

30 min) to get rid of the sterilizing solution, which is toxic to the explants at prolonged exposure. The embryos 

were then transferred into McCartney bottles containing the media using sterilized forceps. The cultures were 

incubated in a Gallenhamp incubator at 28 
o
C in the dark. 

Statistical analysis of data 

Each treatment was replicated 7 times and results represent mean + standard deviation. The statistical tools used 

in this study include one and two way analysis of variance (ANOVA),  

Duncan’s New Multiple Range (DMR) and Student T- Test. All statistical analyses were  

performed using the Statistical Package for the Social Sciences (SPSS) version 14. 

 

Results  
The results obtained when 15 and 18 WAA embryo axes were cultured in MS medium supplemented with 2,4–D 

are represented in Table 1. In the 15 WAA embryo axes culture, germination was only obtained at 10, 20 and 30 

mgl
-1

 2,4–D treatments  within 28, 32 and 45 days in culture respectively. Callus was only produced at 40 mgl
-1

 

2,4-D treatment within 42 days in culture. The 18 WAA embryo axes culture favoured callus production more 

than the 15 WAA embryo axes culture. Although the embryos germinated in 10 and 20 mgl
-1

 2,4–D treatment 

within 32 and 35 days respectively, callus was produced in 30 – 120 mgl
-1

 2,4-D treatment within 35 and 46 

days in culture. Thus, the 18 WAA embryo axes favoured callus production more than the 15 WAA embryo 

axes.  

 

Table 1: 2,4-Dichlorophenoxy acetic acid concentration in MS medium and embryo age 

affect time of initiation and type of response in oil palm embryo axes culture  

  

2,4-D Age of zygotic embryo 

concentration 15 weeks after anthesis 18 weeks after anthesis 

mgl
-1

 Time (days) Type of response Time (days) Type of response 

0 NR NR NR NR 

10 28.0 + 1.7
a
 germination 32.0 + 1.4

a
 germination 

20 32.0 + 2.1
b
 germination 35.0 + 1.1

a
 germination 

30 45.5 + 2.1
c
 germination 42.0 + 2.1

b
 callus 

40 42.0 + 1.9
c
 callus 42.0 + 2.4

b
 callus 

50 NR NR 38.0 + 1.2
a
 callus 

60 NR NR 45.0 + 1.9
b
 callus 

120 NR NR 46.0 + 2.3
b
 callus 
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Legend: Values are means of seven replicates + standard deviation. Means with similar alphabet in each vertical 

column are not significantly different (P=0.05). MS= Murashige and Skoog’s; NR= no response; germination= 

initiation of germination; callus= callus formation.  

Table 2 shows the time of germination or initiation of callus in 15 and 18 WAA embryo axes cultured in 

Eeuwens’ medium supplemented with 2,4-D. In the 15 WAA embryo axes culture, 2,4-D suppressed 

germination, while it favoured callus production at 40-120 mgl
-1

 within 45–49 days in culture. Similarly in the 

18 WAA embryo axes culture, callus was produced from all the treatments (10 - 120 mgl
-1

 2,4-D) within 35 – 46 

days in culture. Callus was produced at the shortest time in 50 mgl
-1

 2,4-D treatment in 35 days.   

 

Table 2: 2,4-Dichlorophenoxy acetic acid concentration in Euewens’ medium and embryo 

age affect time of initiation and type of response in oil palm embryo axes culture  

 

2,4-D Age of zygotic embryo 

concentration 15 weeks after anthesis 18 weeks after anthesis 

mgl
-1

 Time (days) Type of response Time (days) Type of response 

0 NR NR NR NR 

10 NR NR 46.0 + 3.2
a
 callus 

20 NR NR 42.0 + 2.6
a
 callus 

30 NR NR 38.0 + 0.8
b
 callus 

40 49.0 + 2.4
a
 callus 46.0 + 1.9

a
 callus 

50 45.0 + 2.1
a
 callus 35.0 + 0.7

c
 callus 

60 49.0 + 1.8
a
 callus 46.0 + 2.2

a
 callus 

120 49.0 + 1.9
a
 callus 38.0 + 1.1

b
 callus 

 

Legend: Values are means of seven replicates + standard deviation. Means with similar alphabet in each vertical 

column are not significantly different (P=0.05). NR= no response; germination= initiation of germination; 

callus= callus formation. 

The percentage germination and callusing explants of 15 and 18 WAA embryo axes cultured in MS medium 

supplemented with 2,4-D are shown in Figure 1. For both the 15 and 18 WAA embryo axes cultures (Figure 

1A), the highest response was obtained at 30 and 10 mgl
-1

 2,4-D treatment respectively for which 40 % of the 

explants germinated. For callus production (Figure 1B), the only callus initiation was reduced at 40 mgl
-1

 2,4-D 

treatment, for which 20 % of the explants responded in the 15 WAA embryo axes culture. For the 18 WAA 

embryo axes culture, the highest callus production were obtained at 50 and 120 mgl
-1

 2,4-D treatment, for which 

60 % of the explants responded.  

 
Figure 1: 2,4-Dichlorophenoxy acetic acid concentration in Murashige and Skoog’s 

medium determines initiation of germination or callusing explants of 15 weeks (grey bar) and 18 weeks (dark 

bar) after anthesis oil palm embryo axes culture 

 

The percentage germinating and callusing explants of 15 and 18 WAA embryo axes of E. guineensis, cultured in 

Eeuwens’ medium supplemented with 2,4-D are shown in Figure 2. For percentage germination, 20 % of the 

explants germinated only at 0 mgl
-1

 2,4-D treatment in the 18 WAA embryo axes culture (Figure 2A). Callus 

production was observed at 50 mgl
-1

 2,4-D treatment for which 40 % of the embryo axes produced callus in the 

15 WAA embryo axes culture (Figure 2B). Other treatments initiated callus in 20 % of the explants in Eeuwens’ 

medium supplemented with 2,4-D treatment. The best result for callus production was observed in 18 WAA 

embryo axes culture. The highest callus production was obtained at 50 mgl
-1

 2,4-D treatment, for which 80 % of 

the explants produced callus. Other treatments initiated callus in 40 – 60 % of the explants.  
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Figure 2: 2,4-Dichlorophenoxy acetic acid concentration in Euewens’ medium determines 

initiation of germination or callusing explants of 15 weeks (grey bar) and 18 weeks (dark bar) after anthesis oil 

palm embryo axes culture   

 

Discussion 
The choice of explants with the right properties is critical in in vitro techniques. The variation in regenerative 

behaviour among explants is sometimes attributable to the age of the tissue or organ and the extent to which the 

constituent cells are differentiated. Callus initiation and embryogenesis are dependent on age of explants. Young 

soft (non woody) tissues respond better in culture than older woody tissues (5). Various portions of the same 

explants also respond differently in culture. In the case of specialized tissues such as endosperm, callus 

proliferation may be highly dependent upon the time of excision. In this study, a preliminary experiment that 

was initially conducted revealed that 12 WAA oil palm embryo axes were not suitable for callus induction, as 

they were not fully formed in the nut. The 18 WAA embryo axes are slightly bigger than the 15 WAA embryo 

axes. During the course of the research, across Tables 1-2 and Figures 1-2, it was observed that explant age 

affects callus production as 18 WAA embryo axes were more suitable than 15 WAA embryo axes. For example, 

Tables 1 and 2 show the time of initiation of response for 15 and 18 WAA oil palm embryo axes culture in either 

MS or Eeuwens’ medium supplemented with varying concentrations of 2,4-D. Callus initiation was observed as 

early as 35 days in the 18 WAA embryo axes culture in Eeuwens’ medium supplemented with 50 mgl
-1

 2,4-D 

(Table 2). In the 15 WAA embryo axes culture, callus was induced in MS medium supplemented with 40 mgl
-1 

2,4-D after 42 days. Similarly, all concentrations (10-120 mgl
-1

) supported callus initiation in the 18 WAA 

embryo axes in Eeuwen’s medium, while concentrations from 40-120 mgl
-1 

2,4-D supported callus initiation in 

the 15 WAA embryo axes culture (Table 1). The percentage responses for both the 15 and 18 WAA embryo 

axes in either MS or Eeuwens’ medium supplemented with 2,4-D (Figures 1 and 2) show that in all cases, 

treatments involving 18 WAA embryo axes culture gave higher responses in all cases than the 15 WAA embryo 

axes. This seems to indicate that the 18 WAA embryo axes favour callus production in E. guineensis compared 

with the 15 WAA embryo axes. This could be taken to mean that other factors affect callus production apart 

from concentrations of the auxin, 2,4-D. Dixon (1985) is of the opinion that a great number of factors affect 

callus induction in in vitro culture experiments. These, according to him, include the physiological conditions of 

the explants. The source, the age of the explants, size of the explants, the genotype and nature of explants have 

been reported as factors. In both the 15 and 18 WAA embryo axes used for this research, all these factors were 

the same except the age. 

From Tables 1-2 and Figures 1-2, embryo axes cultured in Eeuwens’ medium produced a better result compared 

with results obtained from MS medium in terms of time of initiation of callus and percentage callusing of 

explants. It could be inferred that Eeuwens’ medium contains a more suitable mineral nutrients mix that are 

readily available to the developing embryos. Reduced nitrogen in the form of ammonium when used to 

0

20

40

60

80

100

0 10 20 30 40 50 60 120

G
e

rm
in

a
ti
n

g
 e

x
p

la
n

ts
, 
%

  
 

2,4-D concentration, ppm  

A 

0
10
20
30
40
50
60
70
80
90

0 10 20 30 40 50 60 120

C
a
llu

s
in

g
 e

x
p
la

n
ts

, 
%

 

 2,4-D concentration, ppm  

B 



Shittu et al. 

42 

 

supplement the nitrate in the media as in the Eeuwens’ medium is reported to be stimulatory to the production of 

callus (23).  

The induction of callus and formation of roots and shoots in plant tissue cultures also appear to be regulated 

basically by balances of two hormonal substances, auxins and cytokinins as proposed by (24). Other substances 

seem to modify the effectiveness of the growth regulators. The right amount of auxin is required for specific 

response. The concept that auxin/cytokinin interaction underlies the process of organogenesis apparently applies 

to all plants and the inability to extend it to some plants indicates simply a limitation in accessory factors. The 

concentration of growth media affects the particular response obtained in oil palm embryo axes culture. The 

results from Table 1-2 show similar trend of response. Low concentrations of auxins favour embryo 

germination. For callus formation, higher auxin levels were required. For example, in Table 1, embryo axes 

germinated at concentrations equal to or below 30 and 20 mgl
-1 

of 2,4-D in both the 15 and 18 WAA embryo 

axes respectively. Callus initiation increased as concentration of 2,4-D increased above the indicated 

concentrations. In the 18 WAA embryo axes, the best concentration of 2,4-D that gave the best results for the 

time of initiation of callus and percentage response for callus production is between 40–50 mgl
-1

. Similarly, in 

the 18 WAA embryo axes culture, it was 50 mgl
-1

 auxins. It may therefore be deduced that the optimum 

concentration of auxin for the 15 WAA embryo axes is between 40–50 mgl
-1

 while in the 18 WAA embryo axes 

it is 50 mgl
-1

 of 2,4-D. This seems to indicate that, callus induction is promoted on media with high level of 

auxins without cytokinin. It may therefore be deduced that not only the presence of growth regulators, but also 

the concentration play important roles in the formation and time of callus initiation in oil palm. Those with 

adequate amounts of the growth regulators produced callus before those without the optimum concentrations. 

This statement agrees with the report of Dixon (12) and Odewale (25) that growth regulators are important in the 

induction and maintenance of callus. 

In conclusion, the study revealed that the age of explant, concentrations of growth hormones and media type 

have significant effects on callus initiation from Elaeis guineensis embryo axes using in vitro technique. The 

results showed that 18 WAA embryo axes are better for callus induction than 15 WAA embryo axes. 

Preliminary experiment also revealed that 12 WAA embryo axes are absolutely not suitable. MS and Eeuwens’ 

media supported callus production, but by way of comparison, Eeuwens’ medium is to be preferred to the 

Murashige and Skoog’s medium. Regarding concentration of growth hormones, the study showed that 50 mgl
-1

 

is optimum for this purpose. 
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