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Abstract Coconut is a cross pollinating palm, propagated

only by seeds. Tissue culture is the only vegetative prop-

agation method available for coconut. Consistent callo-

genesis was obtained by culturing unfertilised ovaries at -4

stage in CRI 72 medium containing 100 lM 2,4-dichlo-

rophenoxyacetic acid (2,4-D) and 0.1% activated charcoal.

Callusing was improved by application of 9 lM thidiazu-

ron (TDZ). Embryogenic calli were subcultured onto

somatic embryogenesis induction medium containing

66 lM 2,4-D. Stunted growth was observed in the somatic

embryos after subculture onto CRI 72 medium containing

abscisic acid (ABA). Maturation of somatic embryos could

be achieved in Y3 medium without growth regulators.

Conversion of somatic embryos was induced by adding

gibberellic acid (GA3) to conversion medium containing

5 lM 6-benzyladenine (BA) while 2-isopentyl adenine

(2iP) increased the frequency of plant regeneration. A total

of 83 plantlets was produced from 32 cultured ovaries.
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Abbreviations

ABA Abscisic acid

2,4-D 2,4-Dichlorophenoxyacetic acid

BA 6-Benzyladenine

2iP 2-Isopentyl adenine

GA3 Gibberellic acid

TDZ Thidiazuron

Introduction

Grown in about 90 countries, the coconut palm (Cocos

nucifera L.) is an important perennial tropical plantation

crop. It occurs in the palm family (Arecaceae) and is the

sole species of the genus Cocos within the subfamily

Arecoideae which also contains other economically impor-

tant species including date palm and oil palm (Dransfield

and Uhl 1986). All forms of coconut known to date are

diploid (2n = 2x = 32).

Coconut is a cross pollinating crop propagated only by

seed. Consequently, phenotypic variation within planta-

tions hinders agronomic practices. Homogenous planting

materials for the coconut industry through vegetative

propagation would alleviate the problem. Tissue culture

has been the only possible clonal propagation method

available for coconut. Previous studies on somatic

embryogenesis in coconut have been conducted using
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different explant types including immature inflorescences

(Branton and Blake 1983; Verdeil et al. 1994) and tender

leaves (Pannetier and Buffard-Morel 1982; Buffard-Morel

et al. 1988); the response of these somatic tissues to in vitro

culture has been low and inconsistent. Even though zygotic

tissues such as immature embryos (Karunaratne and

Periyapperuma 1989; Fernando and Gamage 2000) and

plumules (Hornung 1995; Chan et al. 1998; Fernando et al.

2003) showed better response, these are not ideal for clonal

propagation since they produce clones with unknown per-

formance due to heterogeneity among seedlings after cross

pollination in coconut.

The ovary is a potential tissue for somatic embryogen-

esis due to the juvenilizing influence of nearby meiotic

tissues (Bonga 1982). Plant regeneration has been achieved

via ovary culture of several crops such as onion (Allium

cepa; Bohanec et al. 1995; Luthar and Bohanec 1999),

sweetpotato (Ipomoea batatas; Ruth et al. 1993), lily

(Lilium spp.; Van Tuyl et al. 1991), tulip (Tulipa generiana;

Van Creij et al. 2000), maize (Zea mays; Tang et al. 2006)

and sugar beet (Beta vulgaris; Gurel et al. 2000). In vitro

culture of unfertilized ovaries of coconut has resulted in

callus and adventitious root formation; however, no inci-

dence of somatic embryogenesis has been observed (Griffis

and Litz 1997). Suitable culture conditions have been

developed for consistent callogenesis from unfertilized

ovaries of coconut (Perera et al. 2007). This report in

combination with a protocol developed for callus multi-

plication (Perez-Nunez et al. 2006) suggest the possibility

of mass production of homogenous planting materials of

improved coconut varieties. Even though consistent call-

using was reported, the callogenesis frequency (30%) and

the plant regeneration efficiency were low (Perera et al.

2007).

In the present study attempts were made to enhance

callogenesis and plant regeneration efficiency by incorpo-

rating different growth regulators into the culture medium.

Thidiazuron has been found to be a potent cytokinin for

promoting callus formation in woody plants (Huetteman

and Preece 1993). ABA has been used to induce somatic

embryogenesis in plumule culture of coconut (Fernando

and Gamage 2000). Perera et al. (2007) induced somatic

embryogenesis by subculturing ovary-derived calli of

coconut onto CRI 72 medium containing ABA, with low

plant regeneration efficiency. Regeneration efficiency has

been improved in monocots and woody plant species by

supplementing 2iP into the culture medium in combination

with other auxins or cytokinins (Levi and Sink 1991; Fraser

and Harvey 1986). Incorporation of GA3 has also improved

plant regeneration in different crop species. Thus in the

present study TDZ, ABA, 2iP and GA3 were tested for

somatic embryogenesis and plant regeneration in coconut

ovary culture.

Materials and methods

Plant material

Unfertilized ovaries excised from immature female flowers

of adult coconut palms (‘Sri Lanka Tall’) were used as

explants. Ovaries were obtained from inflorescences of -4

stage that has an average length of 48 cm (Fig. 1a). The

female flowers attached to the basal part of each rachilla

(Fig. 1b, c) were collected and the two male flowers

flanking each female flower (Fig. 1d) were removed. Then

the female flowers were disinfected with 2% clorox for

12 min followed by four rinses with sterile water. The

excision of ovaries from female flowers was carried out in

a laminar flow cabinet. The perianth segments of each

female flower were removed and the ovaries (about

1–3 mm in diameter; Fig. 1e) were dissected and cultured

in Petri plates containing culture media.

Preparation of culture media

Analar-grade chemicals were used for preparation of all

culture media. All growth regulators were obtained from

Sigma Chemical Company (USA). The pH of all media

was adjusted to 5.8 before adding 0.1% (w/v) activated

charcoal (BDH acid-washed). Agar was added at 0.55%

(w/v). Culture media were sterilized by autoclaving at

121�C and 1.1 kg cm-2 pressure for 15 min. After sterili-

zation, culture media were dispensed into Petri plates

(25 ml per each petri plate; 100 9 10 mm; Sterillin) in a

laminar flow cabinet.

Culture conditions for callogenesis

CRI 72 medium (Karunaratne and Periyapperuma 1989)

supplemented with 100 lM 2,4-D and 4% (w/v) sucrose

(Perera et al. 2007) was used for callus induction. Different

levels of TDZ (9 and 18 lM/l) in callus induction medium

were compared with CRI 72 medium devoid of TDZ. The

ear-like structures (Perez-Nunez et al. 2006) that developed

in the basal callus induction medium were subcultured onto

the same medium for multiplication. Number of calli that

developed from a single original callus was recorded after

8 weeks. All cultures were maintained in the dark at 28�C

for 10 weeks without subculture. The percentage of callus

production in different treatments was recorded.

Somatic embryogenesis and plant regeneration

Effect of 2iP and ABA

Well-developed calli were transferred to CRI 72 medium

containing 66 lM 2,4-D for 4 weeks. Four treatments
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(T1–T4 as listed below) were applied with either filter

sterilised ABA or 2iP for induction of somatic embryo-

genesis and plant regeneration in callus initiated from

ovary explants with the aim of enhancing the plant

regeneration efficiency.

T1: ABA ? CRI 72 medium ? maturation medium (Y3

without growth regulators) ? conversion medium

(Y3 ? 2iP ? 2,4-D ? BA)

T2: ABA ? CRI 72 medium ? maturation medium (Y3

without growth regulators) ? conversion medium

(Y3 ? 2,4-D ? BA)

T3: Maturation medium (Y3 without growth regula-

tors) ? conversion medium (Y3 ? 2iP ? 2,4-D ? BA)

T4: Maturation medium (Y3 without growth regula-

tors) ? conversion medium (Y3 ? 2,4-D ? BA)

Treatments T1 and T2 employed a series of three media

(embryo induction, embryo maturation and embryo con-

version) after the calli had developed on low-2,4-D medium.

The embryo induction phase on CRI 72 medium ? 5 lM

ABA was for 4 weeks, followed by maturation phase (CRI

72 medium without growth regulators) for 4 weeks, then

embryo conversion phase [modified Eeuwens Y3 medium

supplemented with 5 lM 6-benzyladenine (BA) and 0.1 lM

2,4-D]. The effect of 2iP (in the T1 conversion medium) was

compared with no 2iP in T2 conversion medium. Embryo-

genic structures were then subcultured to induce somatic

Fig. 1 Isolation of ovaries from

coconut inflorescence a A

spadix at -4 stage (Bar = 3 cm).

Note that the inflorescence is

fully covered by the prophyll (p)
b Inflorescence after removal of

both prophyll and peduncular

bract (r-rachis; ra- rachilla) c A

single rachilla containing male

(mf) and female flowers (ff) d A

female flower flanked by two

male flowers (length between
two bars = 1 mm) e Ovary (ov)
after removal of all perianth

segments (Bar = 1 mm)
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embryogenesis. Effect of 2iP (in the conversion medium)

was compared with T2 that was devoid of 2iP. The embryo

induction phase was eliminated in treatments T3 and T4 and

the same conversion medium treatments (2iP) were com-

pared. The cultures were maintained in the dark at 28�C

until the somatic embryos converted. Then the cultures

were maintained under a 16 h photoperiod (PAR;

25 lmol m-2 s-1) at 28�C and subcultured at monthly

intervals up to the acclimatisation stage.

The experiment was repeated two times with a minimum

of eight replicates (eight calli). The number of shoots pro-

duced in each treatment was recorded. However, little shoot

formation was observed in all four treatments, even after

subculturing the embryogenic structures onto fresh conver-

sion medium four times. All of the embryogenic structures

were then transferred to a different conversion medium

(without 2iP) supplemented with 0.35 lM gibberellic acid

(GA3) (filter-sterilized) to induce shoot formation. When

plantlets exhibited a well-developed root system, they were

subcultured onto liquid conversion medium.

Effect of GA3

Based on the observations of the previous study, an

experiment was conducted to identify the effect of GA3

concentration (0 -control, 0.2, 0.35 and 0.45 lM) for shoot

development. The experiment was repeated two times. In

these experiments, calli were first subcultured onto CRI 72

medium supplemented with 66 lM 2,4-D followed by

maturation medium (Y3 medium devoid of any growth

regulators) and conversion medium (Y3 medium ? 5 lM

BA and 0.1 lM 2,4-D, either with or without GA3). The

cultures were incubated under the conditions described

above. Based on the results of this experiment another

experiment was conducted to test additional levels of GA3

(0.45 as the control, 0.75, 1.0, 1.5, 2.0 lM) to identify the

optimum concentration of GA3 on plant regeneration.

Combined effect of 2iP and GA3

Based on the above results, a combination of 2iP and GA3

was tested for plant regeneration. The embryogenic struc-

tures that developed on maturation medium were subcul-

tured onto three different conversion media (Y3 medium

with; 5 lM BA and 0.1 lM 2,4-D; 5 lM BA and 0.1 lM

2,4-D ? 0.35 lM GA3; 5 lM BA and 0.1 lM 2,4-

D ? 0.35 lM GA3 ? 5 lM 2iP). The cultures were

incubated under the conditions described above.

Statistical analysis

After 10 weeks of culture initiation, number of calli pro-

duced (from cultured ovaries) in different treatments was

recorded. Number of shoots produced in each of the

regeneration experiments was also recorded. The data were

analysed using SAS statistical package (SAS Institute

1999). Chi-square or Maximum likelihood analysis of

variance was conducted using the Proc CatMod procedures

of PC-SAS. Treatment means were compared using SE,

95% confidence intervals or orthogonal contrast coeffi-

cients, where appropriate (Compton 1994).

Results and discussion

Effect of TDZ on callogenesis

After 10 weeks of culture, off white calli consisting of

translucent masses of globules (Fig. 2a) could be observed

in all treatments. The callus induction medium supple-

mented with 9 lM TDZ gave rise to the greatest callusing

frequency (76.4%) indicating a positive effect of TDZ on

callusing (Table 1). Further increase of the TDZ up

to18 lM reduced the callogenesis frequency (67%).

However, the results were not statistically significant.

Induction of somatic embryogenesis in ovary and ovule

cultures of Spathiphyllum was possible by using a medium

enriched with TDZ (0.25–1 lM). However, at higher

concentrations, TDZ induced diploid parthenogenesis

(Eeckhaut et al. 2001). TDZ was found to be the most

effective cytokinin for callus induction in carob (Ceratonia

siliqua) anther culture and high frequencies of callogenesis

have been observed with 4 mg/l (18 lM) TDZ in combi-

nation with 2,4-D (Custodio et al. 2005). The capacity of

TDZ to stimulate morphogenesis in anther-derived calli of

apricot (Prunus armeniaca) was reported by Peixe et al.

(2004).

Callus multiplication

Multiplication of ovary-derived callus was possible under

the culture conditions employed 6 weeks after callus

inoculation. The maximum rate of multiplication achieved

was 25. However, the multiplication rate depended on the

quality (embryogenic or non-embryogenic) and the size

(number of globules per callus) of the original callus. Many

embryogenic systems can be perpetuated via repetitive

embryogenesis that makes them potentially attractive for

mass production of clonal plants. Theoretically, a culture

initiated from a single explant can produce an unlimited

number of embryos (Parrott et al. 1991). Recently, Perez-

Nunez et al. (2006) reported a highly efficient system of

plant regeneration via somatic embryogenesis in plumule

explants of coconut in which about 100,000 somatic

embryos could be produced from a single plumule explant.

This has been achieved by multiplication of embryogenic
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callus and secondary embryogenesis. However, the use of

plumules from zygotic embryos obtained by cross polli-

nation will preclude the application of this protocol for

cloning palms with known agronomic traits (Perez-Nunez

et al. 2006). By applying the above approach to unfertilized

ovary explants, it was possible to develop an efficient

protocol to clone palms with known agronomic perfor-

mance. The present study revealed that callus multiplica-

tion of unfertilized ovary explants can be used to develop a

micropropagation protocol for mass propagation of coco-

nut, a growing need of the industry.

Plant regeneration via somatic embryogenesis

The calli that developed on callus induction medium con-

sisted of off white translucent masses of globules (Fig. 2a).

When they were transferred onto low 2,4-D medium, the

translucent appearance of the globules gradually changed

to opaque (Fig. 2b). Hornung and Verdeil (1999) also

observed that coconut callus grown on media with gradual

reduction of auxin eventually produced nodular somatic

structures that subsequently developed into pro-embryos.

According to Verdeil et al. (1994), somatic embryogenesis

in coconut could be induced by an increase in the 2,4-D

level followed by a decrease. The somatic embryos

obtained from ovary derived-calli were identified based on

morphological features including creamy colour and elon-

gated shape (Fig. 2b).

Fig. 2 Plant regeneration via
ovary culture of coconut (Cocos
nucifera L.). a Ovary-derived

callus (Bar = 1 mm) produced

in callogenesis induction

medium. b Somatic embryos

obtained after subculturing the

calli onto somatic embryo

maturation medium devoid of

growth regulators

(Bar = 1.1 mm). Note the

converted somatic embryo

indicated by an arrow. c Early

stage of shoot development of a

converted somatic embryo d
Shoot and root development of

the plantlet in conversion

medium containing GA3 that

was maintained in the dark. e
Well developed complete

plantlet in liquid conversion

medium containing GA3. f
Ovary-derived coconut plant

transferred to the soil

Table 1 Mean percent callus production from coconut ovaries cul-

tured on CRI 72 medium supplemented with different concentrations

of TDZ

Concentration of

TDZ (lM)

No. of ovaries

cultured

Percentage callus

production

0 (control) 38 55

9 46 76

18 39 67

Significance NS
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Effect of 2iP and ABA

In all treatments tested, poor shoot formation was observed

even after repeated subculture of somatic embryos onto the

conversion medium. GA3 has been used at a concentration

of 0.35 lM to enhance germination of zygotic embryos of

coconut (Weerakoon et al. 2002). Thus all the embryogenic

structures (obtained from above experiment) were subcul-

tured onto conversion medium supplemented with 0.35 lM

GA3, after four subcultures onto the above mentioned

conversion media. Shoot formation was observed in the

presence of GA3 and the number of shoots increased with

continuous exposure to GA3 (Table 2).

Shoot regeneration was obtained with all four treatments

tested (T1, T2, T3 and T4) with a clearly positive effect of

2iP (T1 and T3) and negative effect of ABA (Table 2). The

greatest percentage of shoot regeneration (85%) was

achieved with T3 where ABA was not used for induction of

somatic embryogenesis. Based on these results, the

induction of somatic embryogenesis appears to occur when

calli are first transferred to the low 2,4-D containing

medium. Maturation of embryos occurs in medium without

growth regulators and early exposure of mature embryos to

2iP seems to enhance shoot regeneration. The results

indicated that subculturing the somatic embryos directly

onto the conversion medium containing 5 lM 2iP and

5 lM BA could give rise to shoots at a high frequency

(85%; P \ 0.01). Even though ABA has been used for

induction and maturation of somatic embryos in coconut

(Fernando and Gamage 2000; Perera et al. 2007), present

results suggest that it could reduce the conversion of

somatic embryos into shoots. Observations revealed that

the development of the somatic embryo was stunted in the

presence of ABA in culture medium and only weak plants

resulted. Thus, by omitting this step, plant regeneration

efficiency could be increased.

2iP has been used to improve the regeneration efficiency

in several plant species. For Asparagus officinalis (Levi

and Sink 1991) and Hordeum vulgare (Weigel and Hughes

1985), 1.4 or 1.5 lM 2iP induced somatic embryos in

combination with an auxin. Different concentrations of 2iP

(in combination with an auxin or another cytokinin) have

also been used for the development of somatic embryos in

Asparagus officinalis, Allium fistulosum 9 A. cepa, Triti-

cum aestivum, Zea mays and Saccharum officinarum (Levi

and Sink 1991; Ozias-Akins and Vasil 1982; Conger et al.

1987; Srinivasan and Vasil 1986). 2iP has also been used to

induce somatic embryogenesis in woody species but with

limited success. In two of the woody species, Actinidia

chinensis (Fraser and Harvey 1986) and Coffea canephora

(Hatanaka et al. 1991), the effective concentration of 2iP

for induction of somatic embryogenesis was 24.6 and

5 lM, respectively. Plant regeneration has been achieved

in some palm species such as Elaeis guineensis (Thomas

and Rao 1985) and Phoenix dactylifera (Tisserat 1979,

1982) with the use of 2iP. In coconut, plantlet regeneration

from cultured immature inflorescence explants has been

reported on MS medium supplemented with 5 lM BA and

5 lM 2iP in the presence of 2,4-D (Branton and Blake

1983).

Effect of GA3

Based on the results of the previous experiment, the posi-

tive effect of GA3 on embryo conversion was studied. After

maturation, the somatic embryos were subcultured onto

conversion medium containing different levels of GA3. The

result of this experiment has clearly shown that incorpo-

ration of GA3 in the conversion medium improved the

shoot regeneration frequency (Table 3). The most effective

concentration of GA3 was found to be 0.45 lM that gave

rise to 40% shoot regeneration. When additional levels of

GA3 were tested using 0.45 lM as the control, plant

regeneration efficiency was increased four fold by

increasing the GA3 level to 1.0 or 1.5 lM. However, fur-

ther increase of GA3 beyond 1.5 lM reduced shoot for-

mation. A large difference was found for plant regeneration

efficiency at the same GA3 level (0.45 lM) between the

above two experiments (40 and 5%). Generally, in coconut,

variation among individual palms results in considerable

variation among experiments. Different developmental

stages of plant regeneration from cultured ovaries of

Table 2 Percent shoot regeneration from ovary derived callus cul-

tured on four culture procedures differing by presence (T1 and T3) or

absence (T2 and T4) of 2iP in the conversion medium and by

inclusion (T1 and T2) or exclusion (T3 and T4) of an initial culture

phase on CRI 72 medium with ABA

Culture

procedure

Number of calli

cultured

Percentage of shoot regeneration

(no. of shoots per 100 callus)a

T1 45 11

T2 27 7

T3 16 85

T4 17 7

Contrasts Chi square

T1 vs. T3 40.47***

T2 vs. T3 40.61***

T3 vs. T4 40.22***

Maximum likelihood analysis of variance was significant at 0.0001

(G2 = 125.96)
a In all four treatments (T1–T4), after repeated subculture onto the

relevant conversion medium, embryogenic structures were subcul-

tured onto conversion medium containing 0.35 lM GA3

*** Treatment significantly different at P B 0.00 level
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coconut are shown in Fig. 2c, d a well developed complete

plantlet in the liquid conversion medium is shown in

Fig. 2e.

Incorporation of GA3 at a concentration of 2.9 lM onto

the somatic embryo conversion medium has enhanced plant

regeneration in herbaceous monocots such as Aspargus

cooperi, A. officinalis, Eleusine coracana, Hordeum vulgare

and Zea mays (Ghosh and Sen 1991; Kunitake and Mii 1990;

Sivadas et al. 1990; Kott and Kasha 1984; Radojevic 1985)

whereas 0.3 lM GA3 was effective for Secale ancestrale,

S. kuprianovii, S. segetale and S. vavilovii (Rybczynski and

Zdunczy 1986). Gmitter and Moore (1986) indicated that

GA3-supplemented medium was sufficient to stimulate

conversion of somatic embryos derived from calli of Citrus

ovules. Kochba et al. (1974) studied the effect of various

protocols on conversion of ovule-derived somatic embryos

in Citrus and found that GA3 in combination with adenine

sulphate stimulated root initiation and development.

Spiegel-Roy and Vardi (1984) also reported that GA3-

supplemented medium stimulated conversion of Citrus

somatic embryos. GA3 has been used at concentrations as

high as 10 lM [together with indoleacetic acid (IAA) or

zeatin] for plant regeneration of Citrus spp. (Hidaka and

Kajiura 1988). For oak (Quercus robur), 2.9 lM GA3 has

been used in combination with BA (Chalupa 1990).

Combined effect of GA3 and 2iP

Combinations of GA3 and 2iP were studied to optimize

plant regeneration frequency. However, combinations of

the two growth regulators had a negative impact on shoot

development (Table 4). Contrary to this observation, the

use of a combination of GA3 and 2iP in the somatic embryo

development medium at concentrations of 2.9 and 4.9 lM

gave rise to shoots in Secale cereale (Lu et al. 1984).

In the present study a total of 83 plantlets was produced

from 32 cultured ovaries. However, most of the plantlets

had slow growth rate and the majority was lost due to

fungal contamination that occurred as a result of the poor

laboratory conditions. Only three plantlets survived and

were transferred to soil (Fig. 2f).

Conclusions

Unfertilized ovaries are a promising source of explants for

clonal propagation of coconut. Callus initiation and mul-

tiplication could be enhanced by incorporating TDZ into

the callus induction medium. This observation is encour-

aging as it could lead to an efficient micropropagation

protocol. Somatic embryogenesis was induced by trans-

ferring callus onto a low 2,4-D-containing medium. Mat-

uration of somatic embryos could be achieved on basal

medium and early exposure of somatic embryos to 2iP

promoted shoot regeneration. The presence of GA3 in

conversion medium was critical for plant regeneration.
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