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Abstract 

The effects of modified Murashige and Skoog basal medium on oil palm (Elaeis 
guineensis Jacq.) zygotic embryos were assessed to establish an enhanced 
protocol for its mass production. The embryos were freed from the seed 
nutrients and cultured in modified MS basal medium (full, half, quarter 
strengths) at varying concentrations of auxin (α-naphthalene acetic acid) (0, 1, 5 
mg/l) and cytokinin (Kinetin) (0, 1, 5 mg/l) combinations. All the treatments 
supported embryo growth (germination) substantially with maximum 
percentage germination of 82.5±7.5 in ½ MS. This result showed ½ MS without 
growth regulator as the most effective in this respect. This could be attributed to 
the fact that the embryos are capable of synthesizing endogenous plant growth 
regulator for effective growth without depending on exogenous application of 
plant growth substances. The mean fresh weight (g) of the plantlets from ½ MS 
had the highest value of 2.3±0.2 with the least weight occurring under control 
(0.20 ±0.00). The best medium for uniform growth and development of plantlets 
was ½ MS medium with shoot length (3.85±0.8) as well as root length (2.9±0.2) 
than the remaining media formulations. 
Key words: Elaeis guineensis Jacq., zygotic embryo culture, NAA, Kinetin, 
modified MS basal media. 

INTRODUCTION 

The falling price of crude oil in the international market is again throwing up the need 
to diversify the revenue base of the Nigerian economy. This becomes more crucial 
because Nigeria gets about 85 percent of her revenue from crude oil exports, and is 
currently experiencing a huge fall in revenue following the situation in the market. 
Meanwhile, the need for diversification in the country is encouraged as the nation’s 
dependence on crude oil is no longer tenable because of the unpredicted change that 
has become the lot of the market in recent times (Oyejide et al., 2003). 
 Oil palm (Elaeis guineensis Jacq.), a perennial monocot and one of the most important 
oil bearing crops in the world has been used as a source of revenue in some countries 
like Malaysia and Indonesia (Boonsanong and Kamnoon, 1996). Several studies have 
been conducted to commercialize in vitro propagation of oil palm that could help to 
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overcome the limitations associated with conventional asexual propagation techniques 
and to increase the number of plants produced in a short time (Komgrit et al., 2011). 
Vegetative propagation using in vitro technique could play an important role in this 
regard. Embryo culture, which involves excising an embryo aseptically from the seed 
and transferring it to a sterile medium, has proved useful to increase the number of 
seedlings. Embryo culture of oil palm holds promise for shortening germination time 
and it is also an important prerequisite for cryopreservation of germplasm 
(Boonsanong and Kamnoon, 1996).  Teixeira et al., 1993 used zygotic embryo explants 
that are more convenient because fruit are readily available, have a high degree of 
physiological uniformity, and can be shipped to a long distances. Complete plants have 
been successfully regenerated from various explants of oil palm. They include mature 
and immature embryos, apical meristems, embryogenic cell suspension cultures, friable 
embryogenic tissues and callus derived from seedlings, roots, inflorescences and young 
leaves (Texeira et al. 1993; Texeira et al. 1994).This study is conducted to develop a 
rapid micropropagation protocol for oil palm through embryo culture. 
 
MATERIALS AND METHODS 
Source of Explants 
Oil palm seeds var. Dura were obtained from the Botanic Garden, University of Nigeria, 
Nsukka. The seeds were surface sterilized and immersed in a mild solution of water and 
Tween-20 and swirled for one minute. The clean seeds were then rinsed in running 
water for five minutes and soaked for 20 minutes in a 10% solution of Sodium 
hypochlorite. Thereafter, the seeds were immersed in 70% ethanol for 10 minutes and 
washed in sterile distilled water (3 times) and placed on sterile blotting paper. These 
steps were necessary in order to eliminate possible surface contaminants (usually bacteria 
and fungi) from the surface of the seeds. Subsequently, seeds were soaked for 24 hours 
before the embryos were excised using a pair of forceps and scalpels under a dissecting 
binocular microscope prior to inoculation on the appropriate growth media 
(treatments) namely: 
T1 = MS only (full strength) 
T2 = 1/2MS only  
T3 = 1/4MS only  
T4 = MS + 1mg/l NAA+5mg/l Kinetin  
T5 = 1/2MS + 1mg/l NAA+5mg/l Kinetin 
T6 = 1/4MS + 1mg/l NAA+5mg/l Kinetin 
T7 = MS + 5mg/l NAA+1mg/l Kinetin 
T8 = 1/2MS + 5mg/l NAA+1mg/l Kinetin 
T9= 1/4MS + 5mg/l NAA+1mg/l Kinetin 
T10 = Control (Agar + sucrose)  
Embryo excision and culture were done in the laminar air flow chamber previously 
exposed to ultraviolet radiation for 30 minutes in order to avoid contamination. 
 
Establishment of Cultures / Sprouting of Embryos 
According to the methods of Kyesmu et al., 2004, Stock solutions (Macro element-stock 
A, CaCl2- stock B, Na2EDTA-stock C, Micro element- stock D, Myo-inositol- stock E, 
Vitamins- stock F) of Murashige and Skoog medium (1962) were used to formulate MS 
medium (full strength), while the composition of various stock solutions A-F were 
divided into two and four for ½ and ¼ MS medium respectively. Appropriate volumes of 
stock solutions were measured and transferred to a beaker containing 700 ml of 
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distilled water. Sucrose (3% w/v) and appropriate quantities of plant growth regulators 
combinations (NAA and Kinetin) at various concentrations (0, 1, 5 mg/l) each were 
added to the media. The pH of the medium was adjusted to 5.8 with 1M NaOH or HCL 
and each medium was solidified using Fluka agar at7.0 gl-1 prior to autoclaving by steam 
sterilization at 103 KN M-2 pressure and 1210C for 15 mins. The embryos were cultured 
singly in Pyrex test tubes at 27 ± 20C under 16-h light/ 8-h dark photoperiod at a photon 
flux density of 60 µmol m-2S-1 provided by cool white fluorescent tubes. All operations 
starting from the preparation of explants to establishment of cultures were carried out 
in a Laminar flow hood previously kept sterile by exposure to ultraviolet light for 30 
min. The cultured embryos were left to grow for four weeks after which they were 
scored for the requisite growth parameters. Ten replicate tubes containing an embryo 
each were randomly selected under each treatment and scored for the following: time 
course in sprouting (%), sprouting rate, mean length of shoots and roots, mean fresh 
weight of sprouts produced, and length of leaves produced in culture. 
 
Statistical Analysis 
For experimental design and statistical analysis, CRD with three replicates per 
treatment was performed (each treatment contains ten embryo per culture tube). The 
data were analyzed using analysis of variance (ANOVA) and mean among treatments 
was separated by Duncan’s multiple range test (DMRT). 
 
RESULTS 
Swelling of the zygotic embryo in all the treatments was observed at 10-12 days of 
culture and the shoots initiated at 14 days of culture in some of the treatments 
especially plantlets without plant growth regulators. Each medium promoted sprouting 
from zygotic embryos after four weeks of culture when sprouting had leveled off in 
most of the treatments. However, highest mean percentage sprouting (82.50±1.5) and 
least mean percentage sprouting (40.00±2.3) was recorded for those containing ½ MS 
and control respectively (fig. 1). Sprouting rate of the embryos (determined as the 
number of days to 50% sprouting) was dependent on the modified media constituents. 
For example, the highest rate of sprouting (0.8) which differ significantly from other 
treatments P≤0.05 was recorded for those supplemented with ¼ MS, while ½ MS and 
MS media had 0.1 and 0.07 respectively (fig. 2). Here, the sprouting per cent and rates 
decreased with the addition of exogenous plant growth substance.  
 However, the highest mean shoot length (3.85±0.8) and mean root length (3.4±0.1) was 
found for embryos on ½ MS and MS+5mg/lNAA+1mg/l Kinetin respectively (Table 1). 
The addition of plant growth regulator decreases the mean shoot length and a slight 
increase in mean root length. There was no significant difference in the mean root 
length of the plantlet in ½ MS (2.9±0.2) and ¼ MS, 
MS+1mg/lNAA+5mg/lKinetin,½MS+1mg/lNAA+5mg/lKinetin and ¼ 
MS+1mg/lNAA+5mg/lKinetin with mean root length of 2.7±0.1, 2.9±0.2, 2.3±0.2, and 
2.9±0.4 respectively. Embryos grown in MS+5mg/lNAA+1mg/lKinetin had the highest 
mean root length (3.4±0.1) which differ significantly from other treatments. The control 
never produced any root or shoot, however, since there was no medium or growth 
regulator, there was an increase in size probably due to the differential in the osmotic 
concentration between the embryo and the surrounding media by the absorption of 
sucrose.   
         Table 1 shows that the mean leaf length decreased as the media constituents 
reduced. Plantlet in MS has the highest mean leaf length (2.43±1.3) although did not 
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differ significantly from ½ MS and ¼ MS with mean leaf length of 2.23±0.7 and 2.20±1.1 
respectively at P≤0.05. The addition of plant growth regulator reduced the length of leaf 
when compared to the media without plant growth regulators. Plates A, B, C and D show 
the nature of plantletets produced in media containing ½ MS, MS+5mg/lNAA+1mg/l 
Kinetin, 1/4 MS+5mg/lNAA+1mg/l Kinetin and control respectively. Also, embryos in ½ 
MS had the highest weight (2.3±0.2) when compared to other treatments (table 1). 

 
Figure 1: Per Cent Sprouting of Excised Elaeis guineensis Embryos as Affected by 
the Various Strengths of   Murashige and Skoog Media, at Varying Concentrations 

of Auxin (NAA) and Kinetin 
 

 
Figure 2: Sprouting Rates of Excised Elaeis guineensis Embryos as Affected by the 

Various Strengths of Murashige and Skoog Media at Varying Concentrations of 
Auxin (NAA) 
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Sprouting rate was obtained as the reciprocal of the number of days to 50 per cent 

sprouting under the various treatments. 
 
Table 1: Mean Number, Length and Fresh Weight of Sprouts Produced by Excised 
Elaeis guineensis Embryo after Four weeks of Growth in MS Media Containing 
Different Combinations of NAA and Kinetin 
Treatments                     Shoot Length(cm)        Root Length(cm)        Fresh Weight(g)      
Leaf  Length(cm) 
T1                                      1.80±0.7                       1.9±0.2                     1.9±0.2                     
2.43±1.3 
T2                                      3.85±0.8                       2.9±0.2                     2.3±0.2                     
2.23±0.7 
T3                                      2.90±0.2                       2.7±0.1                     1.6±0.2                     
2.20±1.1 
T4                                      1.85±0.8                       2.9±0.2                     1.3±0.2                     
0.77±0.2 
T5                                      1.88±0.2                       2.3±0.2                     1.1±0.7                     
1.34±0.3 
T6                                      1.05±0.9                       2.9±0.4                     0.3±0.5                     1.9±0.3 
T7                                      1.35±0.1                       3.4±0.1                    1.6±0.3                     1.6±0.6 
T8                                      1.45±0.2                       1.9±0.3                     1.3±0.4                     0.7±0.7 
T9                                      1.15±0.9                       1.7±0.2                     1.2±0.5                     0.9±0.3 
T10                                    0.0±0.0                         0.0±0.0                     0.2±0.0                    0.0±0.0 
 
T1 = MS only (full strength) 
T2 = 1/2MS only  
T3 = 1/4MS only  
T4 = MS + 1mg/l NAA+5mg/l Kinetin  
T5 = 1/2MS + 1mg/l NAA+5mg/l Kinetin 
T6 = 1/4MS + 1mg/l NAA+5mg/l Kinetin 
T7 = MS + 5mg/l NAA+1mg/l Kinetin 
T8 = 1/2MS + 5mg/l NAA+1mg/l Kinetin 
T9= 1/4MS + 5mg/l NAA+1mg/l Kinetin 
T10 = Control (Agar + sucrose)  
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Plate A: Four week old Elaeis guineensis plantlet in ½ MS 

 

 
Plate B: Four week old Elaeis guineensis plantlet in MS+5mg/lNAA+1mg/l Kinetin 

 



Journal of Global Biosciences               Vol. 5(8), 2016 pp. 4483-4492 

ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    4489 

 
Plate C: Four week old Elaeis guineensis plantlet in ¼ MS+5mg/lNAA+1mg/l Kinetin 

 

 
Plate D: Four week old Elaeis guineensis plantlet in Control 

 

DISCUSSION 
 Similar pattern of growth and development was also observed by Thawaro and 
Techato, 2010; Periasamy et al., 2011 who reported that swelling of the zygotic embryo 
occurred at 10 days of culture followed by initiation of shoots at 14 days after culture 
and complete plantlet formation approximately one month after culture in Elaeis 
guineensis Jacq. var. Tenera. On the basis of culture, MS is widely used as a basal 



Journal of Global Biosciences               Vol. 5(8), 2016 pp. 4483-4492 

ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    4490 

medium for proliferation in oil palm tissue culture (Abdullah et al., 2005; Supawadee 
and Sompong, 2010; Ta-chato, 1998a; Ta-chato 1998b). A reduction in the strength of 
Murashige and Skoog’s medium resulted in the increase of in vitro shoot and root of 
bush blueberry (Tetsumura et al., 2008). Taylor et al., (1996) observed that half 
strength of MS medium was superior to full strength MS medium for the induction of a 
friable embryogenic callus of cassava (Manihot esculenta Crantz). Other researchers 
have also reported the beneficial effect of reducing the strength of the culture medium 
efficient in vitro initiation of shoots and roots in many plants. Another experiment was 
conducted by Villamor (2010) on ginger to determine the effects of media strengths 
(full MS and half MS) and nitrogen source (NH4NO3) on shoot number and length, leaf 
number and area and root number of ginger. The result showed an increase in root 
length and a corresponding decrease in shoot length with the dilution of MS medium. On 
the contrary, more primary somatic embryos developed on full strength MS medium 
than in half strength and double strength MS medium using somatic embryo of cassava, 
although the regenerative qualities of such embryos was not described (Konan et al., 
1994).  
          The effect of the medium strengths on embryo explants of oil palm could possibly 
be as a result of the individual components of the culture medium. For example, a minor 
change in the concentration of either the micro or macro elements can cause a 
significant change in the germination and regeneration of plants in in vitro embryo 
culture. Nitrogen for example has a key role in plant growth and development because it 
has direct effects on rate of cell growth, differentiation and totipotency (Kirbey et al., 
1987). In tissue culture medium nitrate, ammonium salt, amino acids and complex 
organic products supply nitrogen. Nitrates are good sources of nitrogen supply to plants 
(Shanjani, 2003) because it is readily taken up and metabolized by the cells and it effect 
a good  number of developmental processes leading to root branching, seed breaking, 
bud dormancy and apical dominance. The reduction of nitrogen supply, often initiates 
sexual development (Trewavas, 1983). In cultures of many woody species full strength 
MS salts have inhibitory effect on organized growth, a toxicity that can be reduced by 
lowering amount of ammonium or total nitrogen. Complete elimination of KNO3 reduces 
percentage of callus production; however omission of NH4NO3 in comparison with MS 
medium did not show any important effect. Generally tissue culture of conifers and 
other forest tree species require a combination of both nitrate and ammonium for good 
growth (Kirby et al., 1987). 
      Generally, culture media play a significant role in germination and so, germination of 
seedling requires only the basal medium without plant growth regulators as the embryo 
is capable of synthesizing plant growth regulator itself. In the case of culturing zygotic 
embryos, only basic nutrients for germination are necessary due to removal of food 
storage tissue (Supawadee and Sompong, 2010). 
The results from this study showed that ½ MS medium was the most suitable among the 
culture media tested and was sufficient for the germination of seedling. MS medium has 
a higher concentration of nutritional constituents and produced similar effects on leaf 
development but inhibited root growth (Table 1). Similar results were obtained in 
Halophila ovalis and Posidonia coriacea (Wilson and Bennett, 2008). Decreasing the 
concentration of MS to half strength (½ MS) was also reported to be suitable for 
promoting germination of mature zygotic embryos in oil palm (Patcharapisutsin, 1990). 
However, the addition of plant growth regulator had little effect in this study as 
treatments with the growth substance performed better. Verma and Verma, 1995 
repotred that when growing tissues are treated with an auxin, they show an increased 
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activity of a number of enzymes directly or indirectly. He further stated that auxin 
increased osmotic pressure in treated tissues thereby increasing root length for water 
absorption. This could be seen in the case of MS+ 5mg/l NAA+ 1mg/l Kinetin that 
supported rooting. Evidently, the rooting in this case depends on the presence of a 
hormone that helps to increase the rate of formation and final number of root initials. 
This property of auxin has been taken advantage of in propagating of plants by cutting 
in nurseries (Verma and Verma, 1995). He further stated that auxins and cytokinin 
should be applied exogenously in minute amount for good results. This has led to the 
poor growth exhibited by other combinations of auxin and cytokinin.   
In conclusion, the use of embryo culture technique to produce oil palm for commercial 
use and subsequently for fossil fuel. This technique can shorten the length of 
germination time required to obtain a seedling. Also, this study has showed the 
development of optimum culture conditions and medium that could help to establish 
the micropropagation of oil palm, hence this protocol could enhance its mass 
production.    
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