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ABSTRACT 
The important economic species in the genus Camellia is C. sinensis, which is a high priority crop in Sri Lanka and is cultivated 
commercially for its tender leaves. Therefore, breeding methods in tea should be directed towards leaf improvement. Improvement of tea 
depends on the presence of adequate genetic variability. Anther culture plays an important role in crop improvement programs to 
overcome barriers experienced in conventional breeding methods. Thus this technique enhances plant breeding and speeds up the release 
of superior cultivars within a short time in large quantities. Several workers have attempted to produce haploids that could be used for 
future improvement of woody plants, i.e. tea, rubber etc. In this paper, the work carried out by various workers in relation to tea improve-
ment and potential of in vitro anther culture technique are discussed. 
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INTRODUCTION 
 
Tea, a perennial crop is cultivated commercially for its ten-
der leaves, which are used as a beverage worldwide. Some 
species of the genus Camellia are grown as garden orna-
mentals while others, such as Camellia sasanqua (Thunb) 
are cultivated for its seed oil. The only important economic 
species is Camellia sinensis, which was introduced to Sri 
Lanka from India in 1839. However, the first commercial 
planting of tea was undertaken by James Taylor only in 
1867 on 19 acres of land at Loolecondera Estate in Hewa-
heta, Sri Lanka (Nathaniel 1986). The present tea extent in 
Sri Lanka is about 210,000 ha producing 317.2 million kg 
as at 2005 (Anon 2005), which is the highest on record so 
far. Sri Lanka’s economy is based mainly on agriculture, 
which brings the country’s foreign exchange. Among agri-
cultural exports, tea is one of the major export commodities. 
 
 
 
 

NEED FOR IMPROVEMENT IN TEA 
 
In Sri Lanka, tea plants were raised from seed until 1950, 
later almost all plantations were established with clonal tea 
(Anandappa et al. 1988). As tea is virtually self-sterile tea 
populations show considerable heterogeneity to select out-
standing seedling bushes for vegetative propagation. Thus 
the Tea Research Institute (TRI) commenced selection of 
high yielding cultivars within existing genotypes. Initially, 
there were over 200 approved cultivars. Of these, only 
about 10-15 cultivars are popularly used, mostly the TRI 
2020 series (Anandappa 1986). Later the TRI released seve-
ral selections in the recent past for planting. These selec-
tions have been designated as the 3000 and 4000 series. 
These were obtained from specially bred populations using 
progenitor cultivars. The yield of these clonal teas in the 
higher and the lower elevations is around 2400 and 6700 
kg/ha/year, respectively (Anon 1995). With the advent of 
high yielding clonal materials, biclonal and polyclonal seed 
gardens have also been established with the aim of ob-
taining better seed for estate planting (Anandappa 1986). 
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The biggest tea producers in the world are India and 
China followed by Kenya and Sri Lanka (Table 1). In the 
past three decades, there has been a fluctuation in tea pro-
duction. Half of the world’s tea production stems from India 
and China but they export about a quarter of their produc-
tion; meanwhile Sri Lanka exports about 90% of its produc-
tion. There is a greater demand for Sri Lankan teas interna-
tionally. However, the national average yield at 1,645 kg/ha 
in 2005 was much less than the average yield of competing 
countries such as Kenya which was found to rank highest 
yield at 2,325 kg/ha among the major tea producing coun-
tries. An Assam type of tea is the predominant variety 
grown in Kenya and Sri Lanka due to its high yield poten-
tial. In Sri Lanka, the average yield in the smallholder sec-
tor was 1,867 kg/ha in comparison to 1,358 kg/ha in the es-
tate sector in 2005 (Anon 2005). It was noted that the small-
holders, who are mainly concentrated in the low elevations, 
have high yielding vegetatively propagated tea, compared 
to the estate sector, which still has a substantial are under 
low yielding old seedling tea plantations (Anon 2001) and 
also there is depletion of soil fertility consequent to sloping 
land terrain especially in high and mid grown area (Anon 
2005). Therefore, yield has been increased with the help of 
improved planting materials, balanced fertilizer application 
and by integrated pest management methods even though 
the land area is limited. Triploid clones produced larger and 
heavier shoots than diploids (Wachira 1994). Fertilizer ap-
plication under the canopy is a desirable supplement to the 
space between hedges (Mitsuaki et al. 1999) meanwhile 
ammonium sulphate produced 15-20% more yield than cor-
responding urea treatment (Salardini 1978). Urea is nor-
mally used by the growers. 
 
NEED FOR IN VITRO ANTHER CULTURE IN TEA 
IMPROVEMNT 
 
From the time of seed planting, free crossing between 
Assam and China bushes took place resulting in a number 
of hybrid varieties, which show superior productivity and 
survival value. They were also able to withstand adverse 
soil and climatic conditions and therefore, received wide-
spread acceptance (Bezbaruah 1974). Subsequently, the hyb-
rid varieties were slowly eliminated when tea growers and 
selectionists unconsciously began to select broad leaf As-
sam types for planting (Anandappa 1986). As the demand 
for genetically uniform and agronomically superior planting 
material is increasing, the creation of new and commer-
cially desirable cultivars becomes essential and this can be 
achieved only by a proper breeding program. Tea is cultiva-
ted commercially for its tender leaves, which are vegetative 
organs. Therefore, breeding methods in tea should be direc-
ted towards leaf improvement. Improvement of tea depends 
on the presence of adequate genetic variability. The greater 
the variability, the greater is the scope for improvement 
(Singh and Chakraborty 1993). 

Tea is grown under various types of soil and climatic 
conditions with different pest and disease problems. There-
fore, there is an urgent need for a greater number of high 
yielding cultivars possessing a combination of desirable cha-

racters (Anandappa 1986). These can be obtained by intro-
duction, selection hybridization and genetic manipulation. 
“Indigenous Assam” tea seeds were introduced to Sri Lanka 
in 1839 from India and have been grown with success since 
the 1870s. However, today competition between tea expor-
ting countries and import/export restrictions hamper the use 
of introduced materials. Further it would also be necessary 
to retest the material locally available as the effect of the 
environment on the performance and adaptability of tea 
clone has been known and demonstrated (Wickramaratne 
1981). Selection of a potential cultivar is a long and labori-
ous process. It takes about 8-10 years before the first clones 
are released for experimental estate planting and also it has 
limited potential to improve yields further because of the 
nature of the available seed tea material (Anandappa 1986). 

The superior cultivars for commercial plantings have 
been selected from the seedling progenies obtained from 
hybridization, which combine high yield potential, leaf qua-
lity, pest and disease resistance, etc. However, self incom-
patibility, low seed setting ability of high yielding clones 
like TRI 2024, TRI 2025 and DT 1 (Anandappa et al. 1988), 
quick loss of viability of seeds and its long life cycle have 
been considered as obstacles in tea breeding programs. Fur-
ther conventional breeding is labour-intensive, costly and 
time-consuming under field conditions. Therefore, applica-
tion of biotechnology plays an important role in crop im-
provement programs to overcome barriers experienced in 
conventional breeding methods. Thus this technology en-
hances plant breeding and speeds up the release of superior 
clones within a short time in large quantities. Transforma-
tion technology, whose success is based on tissue culture 
techniques, is a useful technique for tea plant breeding to 
overcome pest and disease problems, etc. Generally plant 
tissues or protoplasts cannot be easily established for many 
woody plants (Matsumoto and Fukui 1998). 
 
IN VITRO ANTHER CULTURE TECHNIQUE IN TEA 
IMPROVEMENT 
 
In vitro culture technique plays a prime role in the establish-
ment of plantations (Bajaj 1986). This technique offers an 
alternate tool for rapid multiplication of plants than tradi-
tional means (Murashige 1974) and also it can be used to 
obtain large number of plants from a rare individual or a 
mutant of exceptional merit or sterile hybrid (Singh 1978). 
Tissue culture techniques have a wide application in breed-
ing programs, shortening the process to obtain and select 
new clones with interesting characteristics and also to meet 
increasing demand in the world. Improvement of tea using 
cellular and molecular biology techniques was difficult, 
because cell culture procedures were not well established 
15 years ago (Jain and Newton 1990) but recent advances in 
molecular biology have seen an explosive improvement in 
tea breeding, molecular genetics and genetic engineering 
(Chen et al. 2006a, 2006b). Hitherto, lack of trained person-
nel in the different areas of biotechnology as well as the 
lack of sophisticated laboratory facilities has greatly retar-
ded advancement in this area of activity in Sri Lanka. But, 
today tissue culture techniques are used in Sri Lanka not 
only as a tool in research, but also in commercial produc-
tion. 

Haploid plants are of great importance in genetics and 
plant breeding research. Because of the difficulty in obtain-
ing pure lines in out-breeding, self incompatible plants like 
tea and undue delays in producing homozygous inbred lines 
(pure lines) through inbreeding, the scientists have been 
searching for naturally occurring or artificially induced hap-
loids to accelerate plant breeding programs. Naturally oc-
curring haploids of tea are extremely rare in nature due to 
their poor survival value (Singh 1978). However, haploid 
plants could be obtained by using anther culture and unpol-
linated ovule culture techniques. But culturing female tissue 
of angiosperms is difficult because of the inaccessibility of 
reproducing tissue and the complex nature of the embryo 
sac (von Aderkas and Dawkins 1993). 

Table 1 Tea production of major producing countries in 2004 and 2005. 
 Production (Metric tons ,000 kg) 
Country 2004 2005 
India 892.6 927.9 
China 834.2 934.8 
Sri Lanka 308.1 317.2 
Kenya 324.6 328.6 
Indonesia 164.8 165.8 
Turkey 165.0 135.0 
Japan 100.3 100.0 
Vietnam 97.0 109.0 
Bangladesh 55.6 58.6 

Source: International Tea Committee Report (2005). 
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Anther culture was introduced by Guha and Mahesh-
wari (1964) using Datura innoxia (Solanaceae) as experi-
mental material. In the past much progress has been made 
in anther culture of herbaceous plants. But success has been 
limited with woody plants largely due to a generally poor in 
vitro response (Hyun et al. 1986). Haploid culture of tree 
species has been reviewed extensively (Chen 1987; Hut-
chinson and Zimmerman 1987; Rohr 1987; Bonga and Ader-
kas 1988; Wang et al. 1988; Teixeira da Silva 2006). Much 
progress has been made in the induction of haploid plants in 
economically important forest and fruit trees in China 
(Chen 1987). Most of the cultivated forms of tea are dip-
loids (2n=30). Besides diploids, many polyploids/aneuploids 
have been reported in tea (Janaki Ammal 1952; Bezbaruah 
1971; Chaudhuri and Bezbaruah 1985). In tea, Katsuo first 
described anther culture in 1969. Okana and Fuchinone 
(1970) reported differentiation of anther callus into a radi-
ated structure in which vascular bundles were found. Fur-
ther work on the differentiation rate of the root derived from 
tea anther cultures has been described by Doi (1981). Zhen-
guang and Huihuo (1987) further described an elaborate 
technique through which plantlets were differentiated from 
anther callus (Table 2). In their experiments, callus was in-
duced on the N6 medium devised by Chu (1978) supple-
mented with kinetin (2 mg/l), 2,4-dichlorophenoxyacetic 
acid 2,4-D (0.5 mg /l), L-glutamine (800 mg/l) and serine 
(100 mg/l). Differentiation was initiated on the N6 basal 
medium supplemented with zeatin (2 mg/l), adenine (20 
mg/l) and lactalbumin hydrolysate (10 mg/l). In an experi-
ment to regenerate haploids from cultured anther of Sri 
Lankan tea cultivar, Seran et al. (1999) reported that two 
levels of ploidy were present in callus where the percentage 
of haploid cells was more (68%) than that of diploid (6%) 
as shown in Fig. 1. The attempt has been made to produce 
haploids from cultured anthers of Sri Lankan tea cultivars. 
 
 
 

FACTORS AFFECTING ANTHER CULTURE 
 
In the above overview, there is a need to study the process 
of haploidization. The production of haploids through an-
ther culture is dependent on number of factors that influ-
ence androgenesis in vitro, such as donor plants, pretreat-
ment of buds, microspore stage, culture medium and other 
factors. This review focuses on anther culture of tea and 
also other species as a lesson for the production of haploids. 
 
Donor plants 
 
The genotype of the donor plant plays a significant role in 
determining the frequency of haploid plant production. 
When anthers are cultured in vitro, all rice varieties do not 
respond equally in producing callus and in regeneration of 
plants. This could be due to genetic or environmental cha-
racteristics of different varieties (Guha 1973). Rubber an-
thers used for inoculation must have well developed micro-
spores and the anthers from male sterile varieties are inap-
propriate for inoculation (Chen 1984). In early spring and 
hot summer, some varieties often have a lot of unviable 
microspores in their anthers as a result of the influence of 
unfavorable environmental conditions. 

The response of the pollen in culture decreases with 
plant age and this response is also influenced by photope-
riod, temperature and the nutrient status of the plants (Sun-
derland 1978). Anthers taken from plants grown under short 
day (8 hours/day) conditions and high light intensity regime 
show relatively better response than under long day (16 
hours/day) donor plants at the same intensity. Pollen em-
bryogenesis can be further improved if temperature under 
short day conditions is maintained at 18°C and treatment of 
plants with pesticide (Razdan 1993). The nitrogen status of 
plants greatly affects the yield of microspore embryos (Sun-
derland 1978). Nitrogen-starved plants gave better results 
than those supplied with fertilizer (Dunwell 1986). In most 
species investigated (Tobacco: Dunwell 1976; Rice: Lu-
potto 1982; Oil seed rape: Thurling and Chay 1984) the first 
flowers or spikes produce anthers that give higher yields 
than those produced later in the flowering season. Of the 
five Sri Lankan tea cultivars tested for the callus growth in 
anthers, TRI 2043 exhibited relatively more callus forma-
tion from anthers cultured in medium with 2,4-D and BAP 
(benzylaminopurine) grown in light, followed by TRI 2023, 
TRI 2024, TRI 2025 and TRI 777 (Seran et al. 1999). 
 
Pretreatment of floral buds 
 
The temperature treatment is required to arrest existing 
metabolism in order to shift it towards the new pathway of 
embryogenesis instead of the usual formation of mature 
pollen (Razdan 1993). The buds were generally maintained 
in a refrigerator for short period before the anthers were ex-
cised. The optimum temperature and duration of pretreat-
ment vary with species and it has been found that results 
also depend upon the type of explant and storage vessel used 

Table 2 Anther culture media for Camellia spp. and their in vitro growth responses. 
Explant Medium Product Reference 

Camellia sinensis 
Anther MS + Kin (2 mg/l) + 2,4-D (0.5 mg/l) Calli Chen 1987 
Callus N6 + Kin (2 mg/l) + 2,4-D (0.5 mg/l) + L-glutamine (800 mg/l ) + L-serine 100 (mg/l) Shoots Chen 1987 
Shoots N6 + Zeatin (2 mg/l) + adenine (20 mg/l) + lactoprotein hydrolysate (10 mg/l) Plantlets Chen 1987 
Callus MS + thiamine.HCl (1.3 mg/l) + 10-5 M NAA + 10-5 M Kin Roots Doi 1981 
Anther ½ MS + 2,4-D (2 mg/l) + BAP (1 mg/l) Callus Seran et al. 1999 
Callus ½ MS + BAP (1 mg/l) Meristemoids Seran et al. 1999 

Camellia japonica 
Anther MS + Myo-inositol (100 mg/l) + L-glutamine (800 mg/l) + L-serine (200 mg/l) Calli and 

embryos 
Pedroso and Pais 1994

Anther MS + 2,4-D (4.5 �M) + Kinetin (0.5 �M) + L-glutamine (800 mg/l) + L-serine (200 mg/l) Calli Pedroso and Pais 1994
Anther MS + myo-inositol (100 mg/l) + BA (2.2 �M) + L-serine (200 mg/l) Embryos Pedroso and Pais 1994
Abbreviations: 2,4-D, 2,4-dichlorophenoxyacetic acid; BA, benzyladenine; BAP, 6-benzyl amino purine; Kin, Kinetin; MS, Murashige and Skoog 
(1962); NAA, naphthalene acetic acid; N6 medium (Chu 1978). 
 

Fig. 1 The DNA histogram and peak analysis (Seran 1998). 1, n; 2, 2n.
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(Huang and Sunderland 1982). Nitsch (1974) demonstrated 
that buds treated with cold temperature at 3°C or 5°C for 72 
hours induced approximately 58% anthers to yield pollen 
embryo in some solanaceous members (Datura, Nicotiana) 
against 21% in anthers from buds maintained at 22°C for 
the same period. 
 
Stage of microspores/pollen development 
 
The optimum stage of pollen development at the time of 
harvest of the buds is of vital importance, but differs bet-
ween species. Some workers believe that the most produc-
tive anthers are those which contain uninucleate micro-
spores midway between release from the tetrad and the first 
pollen grain mitosis (Sunderland 1974; Niizeki 1977; Zhu 
et al. 1980). For maximum production of pollen plants, the 
appropriate stage of microspore development varies with 
plant species. Sunderland (1982) summarized that anthers 
of some species (post mitotic: tobacco) gives the best res-
ponse if pollen is cultivated at first mitosis or later stages, 
whereas in most offers (premitotic: barley, wheat and rice) 
anthers are most productive when cultured at the uninucle-
ate microspore stage. Anthers at a very young stage (con-
taining binucleate mother cells or tetrads) and late stage 
(containing binucleate starch filled pollen) of development 
are generally ineffective although exceptions to the rule are 
known. On the other hand, Brassica species show better 
response when mature anthers or pollen are isolated from 
them and cultured (Sunderland 1982). 

Androgenesis occurs when a microspore or pollen is 
induced to shift from a gametophytic pathway to a sporo-
phytic pathway of embryo formation. This shift may occur 
prior to division of the microspore (premitotic) that forms 
the binucleate pollen grain or after microspore mitosis (post-
mitotic) wherein either vegetative cell or generative cell (or 
both) divide to undergo androgenesis (Bhojwani and Bhat-
nagar 1990). This is one of the most crucial aspects of the 
culture process since small differences in developmental 
age produce great differences in yield. For example, in to-
bacco a difference of 2 mm in corolla length may lead to a 
four fold difference in the yield of pollen plantlets (Dunwell 
1976). According to Chen (1977), the calli recovered from 
differentiating rice pollen grains at early and mid uninucle-
ate stages showed an excellent capacity to regenerate green 
plants, with a minimum number of albino plants. Therefore 
a better understanding of microspore development stage 
within the anther would be useful in haploid production. 
The exact stage of microspores is determined by a cytologi-
cal examination. But for large-scale program many authors 
prefer to rely on a simply measured, external morphological 
indicator such as bud length. The microspores at mid-uni-
nucleate stage appears to be the most responsive for callus 
induction from anthers excised from unopened floral buds 
(5 mm in length) of Sri Lankan tea cultivar, TRI 2025 
(Seran et al. 1998). 
 
Anther culture medium 
 
Among the many factors, culture media affect the ability of 
pollen grains to produce calli and subsequently their plant 
development. Plant in vitro culture media is generally com-
posed of several groups of components: inorganic, growth 
regulators and organic salts with or without a gelling agent. 
 
Inorganic salts 
 
Chu (1978) studied the factors that affect callus and plant 
production from rice anthers developed on N6 medium. He 
found that rice anthers were sensitive to the total nitrogen 
concentration. A low nitrogen concentration (490 mg/l) was 
beneficial for callus production whereas a higher concentra-
tion was inhibitory. Chen (1984) studied the effect of che-
micals containing nitrogen on the development of micro-
spores of rubber. He reported that the decrease of NO3

–ion 
concentration in MS (Murashige and Skoog 1962) medium 

is favorable for the development of pollen embryos. On the 
contrary, the differentiation of somatic tissues of anthers 
requires a lower level of NH4

+ is favorable for development 
of pollen embryos, because the induction of pollen embryos 
requires a higher concentration of total nitrogen (50.58-
60.05 mM appears to be adequate). Dunwell (1986) recom-
mended the salt mixtures for the Solanaceae and cereals be 
half-strength MS medium and the N6 mixture (Chu 1978), 
respectively. The explants turned brown before or after cul-
ture that retarded the callus induction (Sarwar 1985). Inor-
ganic salts of MS mixture at low concentrations reduced ex-
plant browning. A beneficial effect of low salt concentration 
was also noted in cultured anthers of cv. TRI 2025. The 
results showed that callus growth was generally more in 
half MS media with various combinations of auxin and 
cytokinin than in MS media (Seran et al. 1998). 
 
Growth regulators 
 
Auxin and cytokinin together are necessary for good callus 
formation (Sarwar 1985). The ratio of auxin and cytokinin 
may have a pivotal role in plant tissue culture development 
(Skoog and Miller 1957). These two phytohormones inter-
act in vitro to regulate cell division and differentiation. 
Generally in vitro, higher levels of the two promote callus 
growth (cell division) but at lower levels differentiation of 
adventitious shoot meristems may be initiated. A higher 
concentration of non-phenoxy auxin [indole-3-acetic acid 
(IAA), �-naphthalene acetic acid (NAA) or indole-3-butytic 
acid (IBA)] alone often promote root initiation rather than 
shoots whereas phenoxy auxin (2,4-D) promotes callus 
growth and embryogenesis. Cytokinin overcomes apical 
dominance of shoots and stimulates axillary bud growth to 
give shoot multiplication. Most members of the Solanaceae 
do not require an auxin in contrast to members of the Gram-
ineae and Crucifereae where 2,4-D is the auxin usually sup-
plied (Dunwell 1986). Some species (Zea mays and Pen-
nisetum americanum) require an auxin and/or cytokinin to 
induce androgenesis (Nitsch et al. 1982). 

MS medium supplemented with both cytokinin and 
auxin appears to be the most useful and widely used me-
dium for the anther culture of woody plants (Chen 1987). 
The addition of both cytokinin and auxin to the basic me-
dium is necessary for this development of pollen embryoids 
and pollen calli, but the kind and level of hormones re-
quired varies with different species of trees. Marin and 
Gella (1991) described that callus growth from sour cherry 
anthers was obtained in media composed of mineral salts 
and vitamins (Miller 1965) and growth regulators. A combi-
nation of 2,4-D and BA proved to be better than those of 
IAA, Kinetin or Zeatin. In rubber anther culture, three hor-
mones [kinetin, NAA and gibberellic acid (GA)] are re-
quired in the differentiation medium (Chen 1984). Optimal 
concentration of GA promoted growth of the embryos and 
subsequent cotyledon formation. 
 
Organic salts 
 
Sucrose is an essential constituent of the culture medium 
where the tissue in the culture is unable to photosynthesise 
for itself. It is generally used at a range of 2-4% (w/v) (Raz-
dan 1993). Originally, agar-based media were used for an-
ther culture but then liquid media were recommended (Wer-
nicke and Kohlenbach 1976) because agar contains com-
pounds inhibited pollen embryo production (Kohlenbach 
and Wernicke 1978). A further advantage of liquid culture is 
that it allows the release of microspore derivatives into the 
medium, therefore reducing possible competition effects 
between developing embryos. A disadvantage in that sin-
king of these embryos may lead to inhibitory anaerobic con-
ditions. Semisolid media would be used for anther culture 
to anchor the explants and to determine the polarity. 
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Culture conditions 
 
Anther cultures are maintained in alternating periods of 
light (12-18 hours; 5000-10,000 lux m2) at 28°C and in dark-
ness (12-6 hours) regimes depending on individual systems. 
In responsive anthers, the wall tissues gradually turn brown 
and after 3-8 weeks burst open due to the pressure exerted 
by the growing pollen callus or pollen plant (Razdan 1993). 
Saha and Bhattacharya (1992) reported that anthers (from 
flower buds of 0.762-0.832 cm diameter collected early in 
the flowering season) with pollen at the uninucleate stage, 
were grown initially in the dark (for 2-5 weeks) and then in 
the light (1,500 Lux) on agar-gelled B5 medium containing 
2,4-D (0.1 mg/l) NAA (0.1 mg/l) kinetin (0.1 mg/l) gluta-
mine (400 mg/l) and 7% sucrose at pH 5.5 and 24°C. They 
observed that shoot apices originated from the intervening 
pollen calli of tea anthers when post culture they were ex-
posed to 35°C for 5 days prior to their transfer. The effect of 
elevated temperature may have helped switch off the micro-
spore development from the male gametophytic pathway 
facilitating microspore regeneration. 
 
Other factors 
 
The tissue of the anther wall plays an important role in the 
induction of initial sporophytic division in pollen develop-
ment (Sunderland 1978; Dunwell 1978). The time of trans-
fer of callus to differentiation medium is critical (Chen 
1984). After 20-25 days in culture, the anthers of rubber be-
come filled with meristematic parenchymatous cells derived 
from the somatic tissues of anthers. He further mentioned 
that most of the mitotic metaphases of these callus cells are 
diploid (36 chromosomes). However, after 50 days of cul-
ture the somatic calli senesce while the embryos and calli 
that originated from microspores begin to grow vigorously 
and divide rapidly. At that point, about 70% of the cells 
have the haploid chromosome number (18 chromosomes). 
This time appears to be the ideal time to transfer the cal-
lusing anthers to differentiation medium to develop hap-
loids embryos. 
 
DEVELOPMENT OF HAPLOIDS 
 
The microspores divide into two daughter cells that contri-
bute to sporophyte development. The determination into 
either androgenic (gametophytic) or embryogenic (sporo-
phytic) grains is possibly a function of differential gene 
activity (Razdan 1993). Androgenic pollen is larger and 
deeply staining but embryogenic pollen is smaller and 
weakly staining (Rashid 1983). Whatever its direct or in-
direct origin, somatic embryogenesis was obtained from 
single cells which, according to Williams and Maheswaran 
(1986), can be designated as predetermined embryogenic 
cells. It is important to note that these predetermined cells 
did not possess the cytological characteristics of meristema-
tic cells (Nougarede 1967). Chen (1984) mentioned that an-
thers of rubber are inoculated on a medium to induce callus 
formation in which the microspores grow and develop into 
multicellular masses, haploid embryos or pollen calli under 
favorable conditions. There are two different processes that 
exit simultaneously: the formatiom of somatic calli and the 
initiation of microspore development into small embryos or 
pollen calli. 
 

Scientists are still making attempts to produce elite cul-
tivars because of its economic importance and high demand. 
Among the potential benefits to tea improvement programs 
rapid production of homozygous lines from heterozygous 
breeding lines, obtaining gametaclonal variations and early 
expression of recessive genes, anther culture technique plays 
an important role in breeding program. By doubling their 
chromosome numbers, homozygous diploids can be pro-
duced in a much shorter time. Preservation of germplasm, 
now a costly task in maintaining large tree collections, 
would be simplified with the establishment of gene banks 

by cryopreservation of in vitro materials (Bajaj 1986; Sakai 
1986). Hence anther culture technique has the great poten-
tial in tea improvement programmes to develop a “Golden 
clone” and to meet its ever increasing demand in the world. 
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(A) Dormant (left) and active (right) buds in tea shoots. (B) Flowers of different TRI clones of Sri Lankan tea. 
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