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ABSTRACT

Screening for natural haploids by flow cytometry 
and chromosome counts on 518 culled tissue culture 
plantlets and 13 twin germinated seeds yielded no 
haploids. In anther culture experiments, anthers 
bearing pollen mother cells (PMC) at the uninucleate 
and tetrad stages were collected and stored at 4oC 
for one, two, four, six, eight, 10 and 12 days to 
bring about stress for callus induction. In these 
experiments, anthers from dura and tenera palms 
were cultured on two types of media, namely, the 
modified N6 and, Murashige and Skoog (MS) media. 
Observations were made based on the qualitative 
responses of the anthers, and MS medium was found 
to be more suitable as N6 took 28 weeks to induce 
any response from the anthers. For dura anthers, the 
most positive response was obtained from anthers 
containing uninucleate PMC after four and 10 days 
of cold pre-treatment while for anthers containing 
tetrad PMC, the best responses were obtained after 
eight days of cold pre-treatment when cultured on 
N6 media. When cultured on modified MS induction 
media, the best response percentages were obtained 
from dura anthers containing uninucleate PMC 
after eight days of cold pre-treatment while anthers 
containing tetrad PMC showed the best response 
after four days of cold pre-treatment. Tenera anthers 
containing tetrad PMC showed the best response 
after six days of cold pre-treatment when cultured 
on MS induction media. An experiment was also 
conducted to determine suitable sucrose levels 
(3%, 6%, 9%, 12% and 15%) in modified MS 
media, and to observe the effect of orientation of the 
anthers bearing tetrad PMC (abaxial surface facing 
down or up) on callus induction response. It was 
observed that 3% sucrose and anthers cultured with 
the abaxial surface facing up are the most suitable 
conditions for oil palm anther culture. Microspore 
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culture was carried out next as anther culture is 
very laborious. Various stress factors were used to 
induce the sporophytic pathway, these being: (1) 
cold shock, with male flowers incubated at 4oC for 
one and six days, (2) heat shock at 35°C, 38°C, 42°C 
and 46°C, (3) immersion of the flower buds in 0.3 
M mannitol for one and six days, (4) combinations 
of 0.3 M mannitol with cold shock (at 4oC) and 0.3 
M mannitol with heat shock (at 35oC) for one and 
six days, and finally (5) anti-tubulin pre-treatment 
of isolated microspores with 2.5 mg ml-1 colchicine or 
50 µg ml-1 oryzalin. These treatments were followed 
by culture in two types of media – modified MS 
media with 5 or 10 mg litre-1 NAA – at 27oC in the 
dark with continuous shaking. None of the stress 
factors was able to induce microspore embryogenesis 
in the oil palm microspores studied.

ABSTRAK

Penyaringan haploid sawit semula jadi telah 
dijalankan dengan menggunakan teknik sitometri 
aliran dan pengiraan kromosom ke atas 518 anak 
pokok kultur tisu sawit yang telah ditakai dan 13 
biji benih cambah berkembar namun tiada haploid 
semula jadi ditemui. Untuk kajian kultur anter, anter 
yang mengandungi sel induk debunga (SID) pada 
peringkat uninukleat dan tetrad telah dieram pada 
suhu 4oC selama satu, dua, empat, enam, lapan, 10 
dan 12 hari sebagai perlakuan tekanan bagi induksi 
kalus. Bagi kajian ini, anter dari dura dan tenera 
telah dikultur di atas dua jenis media iaitu media N6 
dan Murashige dan Skoog (MS) yang telah diubah 
suai. Pencerapan telah dilakukan berdasarkan tindak 
balas kualitatif anter dan didapati media MS lebih 
bersesuaian kerana N6 mengambil masa 28 minggu 
untuk menghasilkan sebarang tindak balas. Bagi 
anter dura, tindak balas terbaik didapati daripada 
anter yang mengandungi SID peringkat uninukleat 
yang telah dieram selama empat dan 10 hari pada 
suhu 4oC manakala anter yang mengandungi 
SID peringkat tetrad, tindak balas terbaik didapati 
daripada anter yang telah dieram selama lapan hari 
pada suhu 4oC dan dikultur menggunakan media 
N6. Pengkulturan menggunakan media MS pula 
menunjukkan peratus tindak balas terbaik didapati 
daripada  anter dura yang mengandungi SID 
peringkat uninukleat yang telah dieram selama 
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lapan hari pada suhu sejuk manakala anter yang 
mengandungi SID tetrad menunjukkan tindak 
balas terbaik setelah pengeraman empat hari pada 
suhu sejuk. Anter tenera yang mengandungi 
SID peringkat tetrad menunjukkan tindak balas 
terbaik setelah enam hari pengeraman pada suhu 
sejuk dan dikultur atas media MS. Satu kajian 
juga dijalankan untuk mendapatkan tahap sukrosa 
yang sesuai (3%, 6%, 9%, 12% dan 15%) dalam 
media MS diubah suai dan juga orientasi anter 
(permukaan abaksial ke atas atau ke bawah) yang 
mengandungi SID peringkat tetrad ke atas respon 
induksi kalus. Peringkat sukrosa 3% dan anter 
yang dikultur dengan permukaan abaksial ke atas 
adalah yang paling sesuai untuk kultur anter 
sawit. Selanjutnya, kajian kultur mikrospora pula 
telah dilakukan memandangkan kajian kultur anter 
melibatkan langkah-langkah yang sukar dilakukan. 
Pelbagai faktor tekanan dilakukan untuk mengaruh 
laluan sporofitik mikrospora iaitu: (1) kejutan 
sejuk di mana bunga jantan telah dieram pada 4oC 
untuk satu dan enam hari, (2) kejutan haba pada 
35oC, 38°C, 42°C dan 46°C, (3) pengeraman bunga 
jantan  dalam larutan 0.3 M mannitol  untuk satu 
dan enam hari, (4) kombinasi 0.3 M mannitol  
dengan kejutan sejuk (4oC) dan 0.3 M mannitol 
dengan kejutan haba (35oC) selama satu dan enam 
hari dan akhirnya (5) praperlakuan mikrospora 
dengan antitubulin 2.5 mg ml-1 kolkisin atau 50 
μg ml-1 orizalin. Ini diikuti oleh pengkulturan di 
dalam dua jenis media iaitu MS media dengan 
5 atau 10 mg liter-1 NAA pada 27oC di dalam 
gelap dan dengan goyangan berterusan. Walau 
bagaimanapun, tiada faktor tekanan berjaya 
mendorong embriogenesis mikrospora sawit yang 
telah dikaji. 

Keywords:  haploids, doubled haploids, anther 
culture, microspore culture, flow cytometry.

INTRODUCTION

Haploid technology involves the generation 
of haploid plants followed by doubling of 
the chromosome number to produce doubled 
haploids. This technology is advantageous as it 
can accelerate the genetic improvement of oil palm 
planting materials via marker assisted selection 
and conventional breeding. Since the year 2000, the 
Malaysian Palm Oil Board (MPOB) has screened 
for naturally occurring haploids and performed 
anther and microspore culture. In an effort to obtain 
haploids, an experiment to double the genome size 
of oil palm was also conducted mainly to observe 
whether the oil palm genome can be doubled by 
the use of anti-tubulin chemicals such as colchicine 
and oryzalin (Madon et al., 2005). Even though 

none of the methods have yielded any haploids, 
the experience gained has provided the impetus 
to further pursue the establishment of haploid 
technology in a much more organised manner, with 
proper equipment, ample funding and adequate 
human resources. 
 

Oil palm is a perennial plant with a long breed-
ing cycle, hence it is practical to explore haploid 
technology in order to assist in the breeding and 
genome mapping programmes of oil palm. By hav-
ing haploids and doubled haploids, an inbred line 
can be achieved in a single generation as opposed 
to the conventional selfings which will take at least 
seven to eight generations, or more than 30 years. 
Even then, this strategy of selfing might not even 
achieve the state of homozygosity due to segre-
gation of recessive genes, often causing inbreed-
ing depression. This article basically describes the 
results of the research that we have done on the 
screening for naturally occurring haploids, on an-
ther and microspore culture.

CONTENT

Screening of Naturally Occurring Haploids 

A total of 518 culled tissue culture plantlets [102 
from United Plantations, Teluk Intan, Perak; 167 
from MPOB Keratong, Johor; 109 from Sime Dar-
by, Bukit Rajah, Selangor; 70 from Guthrie Biotech 
Lab, Port Dickson, Negeri Sembilan; and 70 from 
Oil Palm Research Station (OPRS), Banting, Selan-
gor] and 13 twin germinated seeds (Figure 1) were 
checked for ploidy level using a flow cytometer 
and by chromosome counts. However, these efforts 
did not yield any haploids resulting in the decision 
to exploit other methods for the generation of hap-
loids. 

Figure 1. Twin germinated seed with two shoots and 
one root axis.
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Anther Culture 

Male flowers of dura and tenera palms were har-
vested before anthesis, and anthers containing uni-
nucleate and tetrad pollen mother cells (PMC) were 
identified prior to cold pre-treatment and culture. 
The morphology of the flowers were studied to 
select for flowers containing uninucleate or tetrad 
stage PMC. The flowers were dissected to remove 
the anthers which were then finely cut in a solution 
of 60% acetic acid and aceto-orcein, and observed 
under light microscopy to determine the stage of 
PMC.

For the anther culture experiments, anthers 
bearing PMC at the uninucleate and tetrad stages 
were collected and stored at 4oC for one, two, four, 
six, eight, 10 and 12 days to bring about stress for 
callus induction. In these experiments, anthers 
from dura and tenera were cultured in two types of 
tissue culture media, namely, the modified N6 and 
MS. An experiment was also conducted to observe 
the effects of different sucrose levels (3%, 6%, 9%, 
12% and 15%) in the modified MS media and the 
orientation (abaxial surface facing down or up) of 
the anthers containing tetrad PMC on callus induc-
tion.

Cytological analysis. Microscopic examination 
showed that the male flower buds containing 
uninucleate PMC are 2 mm x 1 mm in size, whitish, 
soft and break easily (Figure 2a) while those 
containing tetrad PMC are 3.5 mm x 1.5 mm in 
size, yellowish, and at this stage could be easily 
separated from the bud and did not break easily 
(Figure 2b). Figure 3 shows the six pairs of anthers 
contained in a male flower bud, while Figure 4 
shows the various stages of PMC.

Response to cold treatment and induction media. 
In this experiment, anthers from dura and tenera 
were cultured on two types of media. They were 

the modified N6 culture media with different levels 
of hormone combination (2,4-D and kinetin) and 
the modified Murashige and Skoog (MS) culture 
media. 

From the data, the modified N6 medium was 
found to be unsuitable for oil palm anther culture 
as it took 28 weeks to induce a response from the 
anthers. Figure 5 shows the colour change of the an-
thers upon culture and after four weeks in culture, 
while Figure 6 shows some of the responses pro-
duced by the cultured anthers in both liquid and 
solid N6 media after 28 weeks. Figure 7 displays 
graphically the response percentages of dura an-
thers (at the uninucleate and tetrad stages) which 
had been pre-treated at 4oC and cultured on N6 
media. Percentages of the responsive anthers were 
calculated based on the number of anthers that 
showed callus formation over the total of 30 pairs 
of anthers cultured. It was observed that the most 
positive responses were obtained from anthers con-
taining uninucleate PMC after four and 10 days 
of cold pre-treatment, while in anthers containing 
tetrad PMC, the best responses were obtained after 
eight days’ cold pre-treatment.

Tenera anthers cultured on solid modified MS 
induction medium gave the highest growth re-
sponse or callus-like structures (18.8%) compared 
with dura anthers and when cultured on other 
types of modified MS media. Tenera anthers at the 
tetrad stage also showed the highest response and 
were significantly different (p=0.005) from that of 
anthers at the uninucleate stage and also from that 
of dura anthers. Results from the cold pre-treatment 
of anthers showed that those which were pre-treat-
ed at 4oC for six days gave the highest (20.8%) re-
sponse compared with other durations of pre-treat-
ment (zero, one, two, four, eight, 10 and 12 days at 
4oC). Figure 8 shows that the best response percent-
ages came from those tenera anthers containing tet-
rad PMC after six days of cold pre-treatment and 
when cultured on modified MS induction media.

 

Figure 2. Oil palm male flower buds containing (a) anther with uninucleate pollen mother cells (PMC), size 2 mm x 1 mm, whitish 
in colour (35X magnification) and (b) anther with tetrad PMC or microspores, size 3.5 mm x 1 mm and yellowish in colour.
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Figure 4. (a) Uninucleate pollen mother cell (PMC), (b) microspores and (c) mature pollen grain of oil palm.

Figure 5. Change in colour of anthers from (a) whitish at the early stages of culture (35X magnification) to (b) brownish after four 
weeks in culture (28X magnification).

Figure 3. The six pairs of microspore containing anthers extracted from the oil palm male flower bud (20X magnification).

Oil Palm Bulletin 64
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Figure 6. Types of responses shown by anthers cultured in N6 media: (a) shed microspores found at the bottom of the plate containing 
liquid N6 medium (75X magnification), (b) callus forming structures [arrows, at (i) 25X and (ii) 50X magnification, respectively].

Note: PMC – pollen mother cells.

Figure 7. Response percentages of dura anthers (at uninucleate and tetrad stages) pre-treated at 4oC and after 28 weeks’ 
culture on N6 media. 

Note: PMC – pollen mother cells.

Figure 8. Response percentages of tenera anthers (at uninucleate and tetrad stages) pre-treated at 4oC and after 12 weeks’ 
culture on modified MS induction media. 
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Figure 9 shows the best response percentage of 
dura anthers containing uninucleate PMC was af-
ter eight days of cold pre-treatment while anthers 
containing tetrad PMC showed the best response 
after four days of cold pre-treatment when cultured 
on modified MS induction media. Figure 10 shows 
the various types of responses observed on dura an-
thers cultured on modified MS induction media. It 
can be seen that tenera anthers with tetrad PMC and 
cultured on various modified MS media showed 
significant responses in culture compared with an-
thers having uninucleate PMC and compared with 
dura anthers. This may be due to the different oil 
palm anther samples.

Anther orientation and sucrose concentration. 
Anther orientation has been observed to be a factor 
that can influence the initiation of calli and organs 

(Saini and Jaiwal, 2002). In this experiment, five 
modified MS media with 3%, 6%, 9%, 12% and 
15% sucrose, respectively, were used to culture 15 
anthers each in the normal orientation while 15 
others were cultured with their underside (abaxial 
surface) facing up in each medium. The objective 
was to determine the best concentration of sucrose 
and the better anther orientation for inducing the 
best response. Due to the very slow response of the 
anthers, observations were based on the number 
of fresh and whitish anthers compared with those 
having a shrunken and necrotic appearance. 
Table 1 shows the response of anthers cultured 
with the abaxial side facing up or down on solid 
modified MS induction media at varying sucrose 
levels. A total of 46 anthers cultured with the abaxial 
side facing up remained fresh and whitish in colour 
compared with only 30 anthers for those cultured 

Figure 10. Types of responses showed by dura anthers after 16 weeks’ culture in modified MS induction media: callus-forming 
structures (a) on anthers containing uninucleate pollen mother cells (PMC) cultured in modified MS induction media (without 
hormone as control; 30X magnification), (b) on anthers containing tetrad PMC, cultured on solid modified MS induction media 
(10-3 NAA; 12 days’ cold pre-treatment; 25X magnification), and (c) on anthers containing uninucleate PMC, cultured on solid 
modified MS induction media (10-3 NAA; 12 days’ cold pre-treatment; 55X magnification).

a b c
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Note: PMC – pollen mother cells.

Figure 9. Response percentages of dura anthers (at uninucleate and tetrad stages) pre-treated at 4oC and after 16 weeks’ culture on 
modified MS induction media.
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in the normal orientation. The concentrations of 
sucrose that showed high numbers of fresh and 
whitish anthers were 3%, 6%, 12% and 15% sucrose. 
Taking into consideration the cost of sucrose, it was 
decided that 3% sucrose was the most acceptable 
concentration to be used with anthers cultured 
abaxial surface facing up. Figure 11 shows the 
response of anthers cultured with abaxial side 
facing up still appearing fresh and white, while 
anthers cultured with abaxial side facing down 
appeared shrunken and necrotic, when cultured on 
solid modified MS induction media containing 3% 
sucrose.

Microspore Culture 

The rationale for developing haploids from mi-
crospores is to exploit the versatility of this method 
in generating thousands of haploid plants from any 
type of oil palm, in particular parental materials 

such as dura and pisifera. A switch or a stress pre-
treatment has to be given to the immature micro-
spores to induce embryogenesis. 

Cytological analysis of oil palm microspores. 
This step is a prerequisite prior to performing 
any microspore culture. Male inflorescences of 
E. guineensis were harvested before anthesis of the 
subtended inflorescence. The inflorescences can 
anthesise from Frond 15 to Frond 30, with Frond 1 
being the youngest fully opened frond. The male 
flower buds containing anthers with microspores 
are normally hard in texture, yellowish in colour, 
approximately 4 mm in length and 1.5 mm in 
diameter. The microspores used for the culture 
were early uninucleate microspores. To determine 
the nuclear stage of the microspores, one male 
flower bud was taken from each of the bottom, 
middle and top sections of every spikelet that lay 
along the middle axis of the inflorescence. The 

Figure 11. Responses of anthers cultured with abaxial surface facing (a) up and (b) down on solid modified MS 
induction media containing 3% sucrose.

TABLE 1. RESPONSE OF ANTHERS CULTURED WITH ABAXIAL SIDE FACING UP OR DOWN ON SOLID 
MODIFIED MS INDUCTION MEDIA CONTAINING DIFFERENT CONCENTRATIONS OF SUCROSE 

Sucrose 
concentration (%)

Orientation of anthers

Abaxial side facing up Abaxial side facing down

Fresh and whitish Shrunken and 
necrotic

Fresh and whitish Shrunken and 
necrotic

  3 10   5   8   7

  6   9 (1*)   6 10   5

  9   6   9   6   9
12 10   5   5 10

15   8 (2*)   7   1   4

Total 46 32 30 35

Note: * number of anthers that showed calli formation.

Methods towards Establishing Oil Palm Haploid Technology
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flower bud was placed on a glass slide with a drop 
of 60% aceto-orcein stain. The bud was squashed, 
the debris was removed before a coverslip was 
placed on the sample. The slides were observed 
over a bright field, and images were captured 
and analysed using a Leica QF550 epifluorescent 
microscope.

Microspore isolation and suspension preparation. 
Microspore isolation and suspension preparation 
were carried out according to the method of Herrera 
et al. (2002). Male spikelets were first surface-
sterilised using 20% Clorox® for 15 min followed by 
rinsing with distilled water for another 15 min. Six 
male flower buds that contained early uninucleate 
microspores were collected from the sterilised 
spikelets and placed inside a beaker containing 
70% ethanol for 3 min followed by sterilising in 
10% Clorox® (5.25% sodium hypochloride) for 
another 15 min. The flower buds were then rinsed 
three times in sterile distilled water and air-dried 
on a petri dish placed in a laminar flow hood. 
Next, the flower buds were transferred into a 
microcentrifuge tube containing 1 ml microspore 
isolation solution (MIS, prepared using 0.5x MS 
media, 6.4% mannitol, 0.06% HCl-cystein with pH 
at 5.8). After maceration with sterile forceps, the 
suspension was filtered using a 70- micron filter, 
the residue rinsed with 1 ml MIS and centrifuged at 
800 rpm for 5 min. The supernatant was decanted 
and the pellet was resuspended in 500 µl MIS, 
followed by centrifugation at 800 rpm for 5 min. 
Again, the supernatant was decanted and the pellet 
resuspended in 400 µl MIS. 800 µl Percoll solution 
(or 2 volumes of MIS) was added, followed by 
centrifugation at 800 rpm for 5 min to get rid of any 
remaining debris. The rinsing steps with 1 ml MIS 
were repeated twice to get rid of Percoll, and the 
final pellet was resuspended in 200 µl MIS. Using a 
six-well culture plate, 5 ml of medium was placed 
in each well and 33 µl of microspore suspension 
was added into each well.

Stress factors to switch from gametophytic to 
sporophytic pathway. The stress factors used were: 
(1) cold shock: the male flowers were incubated at 
4oC for one and six days, (2) heat shock at 35°C, 
38°C, 42°C and 46°C, (3) immersion of the flower 
buds in 0.3 M mannitol for one and six days, 
(4) combinations of 0.3 M mannitol with cold 
shock (4oC) and 0.3 M mannitol with heat shock 
(35oC) for one and six days, and finally (5) anti-
tubulin pre-treatment of isolated microspores 
with 2.5 mg ml-1 colchicine or 50 µl ml-1 oryzalin. 
These were followed by culture on two types of 
media established by the MPOB Tissue Culture 
Group, viz. modified MS media with 5 mg 
litre-1 1-naphthaleneacetic acid (NAA) or with 
10 mg litre-1 NAA, at 27oC in the dark and with 

continuous shaking. Microscopic observations 
were carried out on three fields of view for each 
well, mainly to observe the number of microspores 
that had increased in size, produced multinuclei or 
formed any callus. Figure 12 shows an example of a 
responsive microspore with potential of becoming 
embryogenic.

Response towards cold shock pre-treatment. Cold 
shock pre-treatment has frequently been used on 
anthers or flower buds of Secale (Guo and Pulli, 
1996), barley (Powell, 1988), oat (Kiviharju et al., 
1997) and wheat (Konieczny et al., 2003) to switch 
the microspores from the gametophytic to the 
sporophytic pathway (Sunderland, 1984). In this 
experiment, male flower buds were pre-treated at 
4oC for one and six days. Table 2 shows the effects 
of one-day and six-day cold pre-treatments on 
oil palm microspores cultured on MS media with 
different concentrations of NAA hormone. 

This study found that one-day and six-day 
cold temperature pre-treatments caused oil palm 
microspores to be responsive in all four samples. 
From the experiment conducted, the percentage 
of responsive microspores was between 17.5% and 
45.0%. The percentage of responses were different 
between the samples, with the highest percentage 
of responses obtained from microspores originating 
from palm 464 that were subjected to cold tempera-
ture stress for one day and then cultured on MS + 
5 mg litre-1 NAA.  Likewise, for cold treatment last-
ing six days, microspores from palm 464 showed 
the highest percentage of response on all the me-
dia.  Microspores from palm sample 1090 gave the 
lowest percentage of reaction on control MS after 
six days’ cold pre-treatment.  However, all the mi-
crospores did not progress into becoming embryo-
genic.

Figure 12. Swollen microspore (arrow) with potential of 
becoming embryogenic.
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Response towards heat shock pre-treatment. 
Heat shock pre-treatment has been used to induce 
microspore embryogenesis in isolated microspores 
of tobacco (Touraev et al., 1996c), in anthers of 
wheat (Li et al., 1988) and in Capsicum annum L. 
microspores (Bárány et al., 2001). In this study, for 
the initial experiment, oil palm male flowers were 
treated at 35oC for one and six days to test the effect 
of temperature on microspore response. Table 3 
shows the effect of heat shock (35oC) for one and 
six days on the number of responsive microspores.

The data show that a temperature of 35°C was 
able to induce between 8.3% and 59.8% respon-
sive microspores, with the sample from palm 464 
showing the highest response. Due to the respon-
siveness of microspores, another set of experiments 
was conducted using heat shock temperatures of 
35°C, 38°C, 42°C and 46°C over one-day and three-
day periods. Heat shock pre-treatments at 35oC 
for one day gave the highest response of 57.7% on 
MS medium + 10 mg litre-1 NAA for microspores 
from palm 29; however, the same pre-treatment re-
sulted in only 4.2% responsive microspores on MS 
medium + 5 mg litre-1 NAA for microspores from 
palm 134. Pre-treatment at 38°C and 42°C for one 
day produced up to 45.5% (sample from palm 117, 
on control MS) and 50.0% (sample from palm 29, 
on control MS) responses, while the pre-treatment 
temperature of 46°C failed to trigger any response. 
Pre-treatment temperatures of 35°C, 38°C and 42°C 

for three days managed to induce more than 30% 
responsive microspores with the maximum re-
sponse observed in the microspore sample of palm 
134 at 47.9% (38°C, control MS). However, pre-
treatment at 46°C for three days failed to induce 
any responsive microspores from all the samples. 
For both pre-treatment periods (one day and three 
days), on average, response in the microspores was 
enhanced when the temperature was raised from 
35°C to 38°C, but decreased when the temperature 
was higher, with no reaction detected when a tem-
perature of 46°C was used (Figure 13).

Response towards 0.3 M mannitol pre-treatment. 
Mannitol has been used to induce embryogenesis in 
barley by soaking the anthers in 0.3 M (Olsen, 1991; 
Hoekstra et al., 1992) and in 0.7 M mannitol at 25oC 
for four days respectively (Cistue et al., 1999). In this 
study, 0.3 M mannitol was used as a pre-treatment 
because this concentration is the one frequently 
used by other researchers in their studies. Table 4 
shows the effect of soaking oil palm male flower 
buds from three palm samples in 0.3 M mannitol 
for one and six days. The overall observation in the 
culture experiments was that oil palm microspores 
produced a moderate reaction.  Buds from palm 464 
receiving one day pre-treatment gave the highest 
percentage of response at 45.0% (on control MS), 
but pre-treatment of buds from the same palm for 
six days did not produce any response (on control 
MS and on MS + 5.0 mg litre-1 NAA). The sample 

TABLE 2. EFFECTS OF COLD PRE-TREATMENT (4°C) AFTER ONE DAY AND SIX DAYS ON THE PERCENTAGE 
OF RESPONSIVE MICROSPORES CULTURED ON MS MEDIA WITH DIFFERENT CONCENTRATIONS OF NAA 

HORMONE 

Sample NAA hormone concentration
(mg litre-1)

Pre-treatment at 4°C

1 day 6 days
Guard palm 0 28.5 ± 1.2 22.0 ± 4.0

5 27.1 ± 0.1 18.7 ± 0.7
10 25.7 ± 0.65 19.5 ± 0:55

228 0 35.0 ± 5.0 22.5 ± 5.2
5 33.0 ± 0.5 22.0 ± 5.1
10 28.0 ± 5.2 21.0 ± 5.2

464 0 33.3 ± 9.7 33.3 ± 7.6
5 45.0 ± 12.5 30.0 ± 5.1
10 41.0 ± 8.5 30.0 ± 3.0

1090 0 42.0 ± 53.7 17.5 ± 3.2
5 32.0 ± 5.2 18.2 ± 0.15
10 23.0 ± 5.2 19.0 ± 1.0

Average 32.4 22.8

Note: Data show the average percentage of responsive oil palm microspores out of total 
microspores observed from three microscopic fields of view ± SE (standard error). 
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TABLE 3. EFFECT OF HEAT SHOCK PRE-TREATMENT (35°C) FOR ONE AND SIX DAYS ON THE PERCENTAGE 
OF RESPONSIVE MICROSPORES CULTURED ON MS MEDIA WITH DIFFERENT CONCENTRATIONS 

OF NAA HORMONE 

Sample NAA hormone concentration
(mg litre-1)

Pre-treatment at 35°C

1 day 6 days
Guard palm 0 36.7 ± 11.3 28.4 ± 1.4

5 27.7 ± 1.3 20.5 ± 1.7
10 29.2 ± 0.8 20.9 ± 2.1

228 0 27.0 ± 2.0 8.3 ± 0.8
5 29.4 ± 9.8 12.5 ± 3.9
10 18.9 ± 0.3 15.5 ± 3.2

464 0 59.8 ± 9.6 40.0 ± 3.3
5 41.3 ± 5.6 23.7 ± 1.7
10 33.4 ± 8.4 24.3 ± 0.3

1090 0 10.2 ± 1.9 11.5 ± 1.8
5 12.8 ± 0.4 10.0 ± 1.1
10 11.8 ± 0.6 15.8 ± 2.2

Average 28.2 19.3

Note: Data show the average percentage of responsive oil palm microspores out of total 
microspores observed from three microscopic fields of view ± SE (standard error). 

TABLE 4. EFFECTS OF ONE-DAY AND SIX-DAY PRE-TREATMENT IN 0.3 M MANNITOL ON THE PERCENTAGE 
OF RESPONSIVE MICROSPORES CULTURED ON MS MEDIA WITH DIFFERENT NAA CONCENTRATIONS

 

Sample NAA hormone concentration
(mg litre-1)

0.3 M mannitol pre-treatment

1 day 6 days
228 0 9.5 ± 0.5 8.5 ± 1.5

5 9.5 ± 5.2 10.5 ± 5.2
10 8.0 ± 1.0 11.5 ± 0.5

464 0 45.0 ± 5.0 0
5 30.5 ± 5.1 0.1 ± 0.5
10 40.5 ± 5.1 0

1090 0 20.0 ± 10.0 35.0 ± 5.0
5 20.5 ± 5.2 22.5 ± 5.4
10 18.0 ± 2.0 31.5 ± 5.1

Average 22.4 13.3

Note: Data show the average percentage of responsive oil palm microspores out of total 
microspores observed from three microscopic fields of view ± SE (standard error). 
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from palm 228 for both pre-treatment periods 
produced only 8.0%-11.5% responsive microspores. 
However, these responsive microspores did not 
progress to becoming embryoids.

Response towards combinations of 0.3 M mannitol 
with cold shock (4oC) and with heat shock (35oC). 
Various types of pre-treatment can be done in 
vivo or in vitro to induce microspore embryogenesis; 
these include physical, physiological and chemical 
treatments together with cold temperature, heat 
shock and the reduction of sugar on spikelets, 
anthers or microspores (Zheng, 2003). Various 
types of pre-treatment, regardless of the nature 
and treatment time, act as a stimulus to induce 
the development of a microspore programme 
(Reynolds, 1997; Konzak et al., 1999), and they 
may act separately or in combination to achieve 
the optimum conversion of microspores into 
embryogenic cells (Zheng, 2003). To test the 
influence of different pre-treatments in inducing 
barley androgenesis, Kruczkowska et al. (2002) 
pre-treated spikelets and anthers of three different 
barley cultivars by subjecting them to cold 
temperature, pre-treatment in mannitol, as well 
as a combination of both. Immonen and Robinson 
(2000) also used the cold temperature (4°C) pre-
treatment for one to three weeks in isolation, or 
in combination with heat shock (32°C for three 
days), or combined with mannitol (175.6 mM) to 
test their influence on the androgenesis reaction of 
Canadian Triticale plants. In this study, two types 
of pre-treatment combinations were used: cold 
temperature (4°C) with 0.3 M mannitol, and heat 
shock (35°C) with 0.3 M mannitol for one- and six-
day periods. A total of four experiments for each 
combination of pre-treatments was carried out.  
The results are shown in Table 5 for the combination 
of 0.3 M mannitol with 4°C cold treatment, and in 
Table 6 for the combination of 0.3 M mannitol with 
heat shock at 35°C.

Table 5 shows that the sample from palm 464 
gave the highest percentage of responsive micro-
spores (40.0%) with the pre-treatment combination 
over six days (on MS + 5 mg litre-1 NAA) while the 
one-day pre-treatment on the same sample gave 
31% response when cultured in control MS medi-
um. For sample from palm 228, less than 25% mi-
crospores were responsive for both pre-treatment 
periods (one day and six days), while only 5.5% 
responsive microspores were detected in the sam-
ple from palm 1090 for the one-day pre-treatment 
(on MS + 5 mg litre-1 NAA). On average, only 17.1% 
and 19.5% responsive microspores were observed 
using the pre-treatment combination over one 
day and six days, respectively. A study conducted 
by Kruczkowska et al. (2002) on barley and stud-
ies by Hu and Kasha (1999) on wheat microspore 
culture showed that combining pre-treatments is 
less effective for inducing androgenesis. However, 
contradictory results were reported by Immonen 
and Robinson (2000)  whose studies show that the 
responses of androgenic Triticale cultured anthers 
were successfully enhanced by the use of the same 
pre-treatment combinations. 

Combining pre-treatments 0.3 M mannitol and 
heat shock at 35°C over one day induced the high-
est microspore response (30.8%) in the sample from 
palm 464 (on MS + 5 mg litre-1 NAA). The sample 
from palm 228 produced between 13% and 21% 
responsive microspores, while no reaction was ob-
served for the sample from palm 1090 which was 
pre-treated for six days. The results are contrary to 
those obtained from a tobacco microspore culture 
where up to 75% of the microspores were success-
fully induced to divide after the application of a 
combination of heat shock and 0.3 M mannitol pre-
treatment for six days (Touraev et al., 1996a).  Com-
bining pre-treatments is also effective in a study on 
wheat microspore culture (Indrianto et al., 1999) in 
which heat shock pre-treatment given separately or 
in combination with 0.3 M mannitol were able to 
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Figure 13. Average number of responsive microspores triggered by pre-treatment heat shock temperatures 
of 35°C, 38°C, 42°C and 46°C for one day and three days.
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induce or at least improve microspore embryogen-
esis (Baillie et al., 1992; Custers et al., 1994; Touraev 
et al., 1996a, b). 

From Figure 14, it can generally be observed that 
the three types of pre-treatments – cold tempera-
ture (4°C), heat shock (35°C) and 0.3 M mannitol – 
for one day, provided better stimulus when applied 
separately than when in combination. The highest 
percentage of responsive microspores (32.4%) was 
obtained from the pre-treatment at 4oC.  In ad-
dition, the cold temperature (4°C) pre-treatment 
was also found to provide a higher percentage of 
responsive microspores compared with heat shock 
pre-treatment (35°C) and the pre-treatment for one 
day with 0.3 M mannitol. The lowest percentage 
(17.1%) of responsive microspores for the one-day 
pre-treatments was derived from a combination of 
cold temperature and 0.3 M mannitol while for the 
six-day pretreatments, the lowest percentage was 
derived from a combination of heat shock (35°C) 
and 0.3 M mannitol. In addition, for the six-day 
pre-treatments, it was found that 0.3 M mannitol 
produced a better response when combined with 
4°C than when these two pre-treatments were ap-
plied separately. This observation is consistent with 
the results of the study by Hu et al. (1995) which 
show that cold temperature pre-treatments for six 
or seven days together with a solution of 0.4 M 
mannitol and culture on FHG macronutrient medi-
um (Hunter, 1988) provided good influence on em-
bryogenesis and green plant regeneration in wheat 
microspore culture. However, the responsive mi-

crospores in this study did not proceed to becom-
ing embryogenic.

Response towards anti-tubulin pre-treatment. 
Colchicine used at high concentrations (50-100 mg 
litre-1) also induces an effective androgenic response 
in coffee microspores (Herrera et al., 2002). In 
addition, Bhojwani et al. (1999) also reported that 
colchicine successfully induced up to six times the 
amount of embryogenesis, when concentrations of 
1-50 mg litre-1 were applied for 6 hr. In this study, 
two types of anti-tubulin agents, colchicine (2.5 g 
litre-1) and oryzalin (50 mg litre-1), were used. The 
isolated microspores were incubated in anti-tubulin 
solutions for 24 hr at room temperature, with 
samples from a total of seven palms being used 
for microspore culture. Table 7 shows the effects 
of the anti-tubulins on the number of responsive 
microspores cultured on MS media with different 
NAA concentrations. 

Table 7 shows that the 50 mg litre-1 oryzalin 
pre-treatment was able to induce responsive mi-
crospores up to 46.5%  in the sample from palm 29 
which was cultured on MS + 10 mg litre-1 NAA me-
dium, while the 2.5 g litre-1 colchicine pre-treatment 
produced 37.5% responsive microspores cultured 
on the control MS medium. Samples from palms 
464 and 1090 showed up to 32% and 18.5% re-
sponse, respectively, when treated with 2.5 g litre-1 
colchicine, and up to 25% and 26%, respectively, 
when treated with 50 mg litre-1 oryzalin. Both anti-
tubulins did not produce any, or a very low num-

TABLE 5.  EFFECTS OF 0.3 M MANNITOL AND 4°C PRE-TREATMENT COMBINATION FOR ONE AND SIX 
DAYS ON THE PERCENTAGE OF RESPONSIVE MICROSPORES CULTURED ON MS MEDIA WITH DIFFERENT 

NAA CONCENTRATIONS

Sample NAA hormone concentration
(mg litre-1)

0.3 M mannitol and 4°C pre-treatment

1 day 6 days

228 0 24.0 ± 1.0 23.8 ± 3.3
5 20.3 ± 1.8 24.8 ± 7.3
10 17.3 ± 0.8 21.0 ± 2.0

464 0 31.0 ± 1.0 36.5 ± 5.1
5 28.2 ± 3.2 40.0 ± 2.0
10 27.3 ± 1.3 29.3 ± 0.8

1090 0 0 0
5 5.5 ± 5.5 0
10 0 0

Average 17.1 19.5

Note: data show the average percentage of responsive oil palm microspores out of total 
microspores observed from three microscopic fields of view ± SE (standard error). 
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TABLE 6. EFFECTS OF 0.3 M MANNITOL AND 35°C PRE-TREATMENT COMBINATION OVER ONE AND SIX 
DAYS ON THE PERCENTAGE OF RESPONSIVE MICROSPORES CULTURED ON MS MEDIA WITH 

DIFFERENT NAA CONCENTRATIONS

Sample NAA hormone concentration 
(mg litre-1)

0.3 M mannitol and 35°C pre-treatment

1 day 6 days
228 0 16.3 ± 0.8 13.0 ± 2.0

5 18.8 ± 1.8 14.8 ± 1.3

10 21.0 ± 1.0 15.3 ±1.8

464 0 30.5 ± 1.5 13.3 ± 0.8
5 30.8 ± 7.7 18.5 ± 3.5

10 27.1 ± 10.4 15.8 ±2.8

1090 0 11.5 ± 6.5 0
5 0 0
10 13.8 ± 3.8 0

Average 18.9 10.1

Note: Data show the average percentage of responsive oil palm microspores out of total 
microspores observed from three microscopic fields of view ± SE (standard error). 

Figure 14.  Average number of responsive microspores which had undergone various pre-treatments either in isolation or 
combination for one day and six days and cultured on MS medium.
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ber of responsive microspores, in samples from 
guard palm, palms 228, 134 and 117, while sam-
ples from palms 464, 1090 and 29 showed between 
12.09% and 46.5% of responsive microspores. Pre-
treatment with 2.5 g litre-1 colchicine for 24 hr trig-
gered on average 11.9% responsive microspores, 
while the use of 50 mg litre-1 oryzalin induced on 
average 12.1%. However, in the study conducted, 
none of the responsive microspores progressed to 
becoming embryogenic.

CONCLUSION

Haploid technology is an enabling technology 
that assists in both basic and applied sciences for 
improving planting materials, and in particular oil 
palm, which has a long reproductive cycle. A haploid 
technology system hastens the improvement 
of planting materials via marker assisted and 
conventional breeding. Several methods have been 
explored; however, the regeneration of haploids 
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TABLE 7. EFFECTS OF ANTI-TUBULIN PRE-TREATMENTS (2.5 g litre-1 colchicine and 50 mg litre-1 oryzalin) FOR 
24 hr ON THE PERCENTAGE OF RESPONSIVE MICROSPORES CULTURED ON MS MEDIA WITH DIFFERENT 

CONCENTRATIONS OF NAA HORMONE

Sample NAA hormone 
concentration (mg litre-1)

Anti-tubulin pre-treatment

Colchicine
(2.5 g litre-1)

Oryzalin
(50 mg litre-1)

Guard palm 0 0 0
5 0 0
10 0 0

228 0 0 0
5 2.5 ± 2.5 0
10 0 0

464 0 25.0 ± 1.0 25.0 ±5.0
5 31.5 ± 1.0 20.5 ± 0.5

10 32.0 ± 14.0 24.0 ± 1.0

1090 0 23.5 ± 5.1 16.0 ± 2.0
5 19.3 ± 0.8 16.0 ± 4.0

10 18.5 ± 1.5 26.0 ± 2.0

29 0 37.5 ± 2.5 37.0 ± 1.0
5 30.0 ± 2.0 42.5 ± 2.5

10 30.0 ± 5.0 46.5 ± 1.5

134 0 0.10 ± 0.1 0.09 ± 0.01
5 0 0
10 0 0

117 0 0 0
5 0 0
10 0 0

Average 11.9 12.1

Note: data show the average percentage of responsive oil palm microspores out of total 
microspores observed from three microscopic fields of view ± SE (standard error).

had not been successful. It is anticipated that by 
refining the approaches in microspore culture using 
various Elaeis genotypes, such as the germplasm of 
oleifera and guineensis, clonal palms, PS series and 
interspecific hybrids, and also by utilising various 
stress treatments, the induction of microspore 
embryogenicity can be achieved. Besides adopting 
the microspore culture approach, a major effort to 
screen for naturally occurring haploids in oil palm 
germinated seeds from various crosses will be 
carried out. The screening of naturally occurring 
haploids from various genetic backgrounds 
will increase the chances of success. The wide 
hybridisation approach will also be explored as it 
is considered to be a useful tool in plant breeding 
for creating new species, gene transfer or for the 
induction of haploids via the gynogenesis pathway. 

Using this method, haploids are induced by having 
one parental genome eliminated after fertilisation. 
This application has been used in the cereal 
breeding programmes, particularly in barley where 
a cross between Hordeum vulgare and H. bulbosum 
has resulted in haploids and double haploids of 
H. vulgare. This approach is proposed for oil palm in 
our efforts to generate haploids, involving several 
crosses of E. guineensis (dura) palms with the pollen 
from other genera in the Family Palmae, such as 
Cocos nucifera. Embryo rescue will be performed in 
order to obtain haploids from the fruits resulting 
from these crosses. With all these approaches in 
mind, it is anticipated that the efforts to obtaining 
haploids and doubled haploids in oil palm will 
bear successful results. There has been no mention 
of work in similar areas carried out successfully 
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by other oil palm research groups. This should be 
taken into consideration as the technique applied 
to oil palm is not novel, and we can learn from the 
experience of others.
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