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Abstract. This work was conducted to establish the relationship between microspore developmental
stage and length of the floral bud in glasshouse-grown Sturt’s desert pea, a native Australian legume.
The stages of microspore development were segregated into tetrad, early-uninucleate, mid-uninucleate
and late-uninucleate. The results showed that there was a strong relationship between microspore
developmental stage and floral bud length. The tetrad stage lasted longer than early-, mid- or lateuninucleate stages. The attempted induction of androgenesis in Sturt’s desert pea using anthers from
floral buds with similar size, as in the present work, was unsuccessful. This indicated that other
factors, such as medium composition, plant hormones, pre-treatment and environmental conditions,
also need to be optimised in addition to appropriate microspore developmental stage.
Additional keywords: Swainsona formosa, androgenesis, Australian native plant, legume.

Introduction
Sturt’s desert pea, Swainsona formosa (G.Don) J.Thompson, known to aborigines as
Marlukuru (Bindon 1996), is one of Australia's most spectacular wild flowers, and is
the floral emblem of South Australia. The economic importance of this plant is in its
use as a hanging basket, container or cut flower plant (Kirby 1996a; Kirby 1996b;
Williams and Taji 1991). As a cut flower, it is not only in demand by the domestic
cut flower market, but also international markets such as Japan.
One of the impediments to commercialisation of Sturt's desert pea as a cut
flower is the production of a large amount of pollen grains and the delicate petals
which are easily bruised (Barth 1990). Flower quality is reduced due to petal
staining by pollen grains released by the anther during transportation. In addition,
Kirby (1996b) claimed that self pollination of the flowers during transportation
would easily occur, especially by rough handling, resulting in rapid degeneration of
flowers.
Anther or pollen culture can generate homozygous lines more rapidly and
efficiently than can conventional methods. Microspore embryogenesis allows for the
production of haploid plants that are sterile, because the reproductive fertility is
impaired due to the odd number of chromosome set. However, anther or microspore
cultures of many species exhibit limited embryo yields, or fail to develop altogether.
One of the important factors in successful androgenesis is the use of microspores at
the correct developmental stage at the time of culture initiation (Chuong et al. 1988).
To our knowledge, no effective anther or microspore culture protocol has been
developed for Sturt’s desert pea. The objective of this study was to investigate the
correlation of floral bud size with microspore developmental stage as the first step in
Sturt’s Desert Pea anther culture.
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Materials and methods
Floral buds were isolated from glasshouse-grown plants during Spring – Summer 2001. Plants were
grown on pasteurised potting mix of sand and peat (3:1) in a 5-L pots and watered daily. A slow
release fertiliser, Nutricote (N : P : K = 16 : 4.4 : 8.3) was given at 4 and 12 weeks after germination
at the rate of 2 g/pot for each application. A supplementary liquid fertiliser, Aquasol (N : P : K = 23 :
4 : 8) was given at 250 mL/pot on weekly interval at concentration 1 g/L for each application.
Floral buds (florets) 13 – 16 mm long were isolated from 60 plants. The total number of
sampled florets was 131. These were obtained from 131 umbels (one floret was sampled from one
umbel consisting of 5 – 7 florets). The length of the buds was measured, using graph paper, from the
base to the uppermost tip (Figure 1).
Ten anthers from each individual bud were bulk-squashed in a few drops of 1% aceto-orcein.
The microspore developmental stage was determined based on the presence of a nuclear stage, i.e.
tetrad, early-, mid- and late-uninucleate.
The floral bud length was correlated with each developmental stage of microspore. Data were
analysed using analysis of variance followed by Fisher’s protected least significant difference
(FPLSD). The standard error (SE) of means was calculated.

Results and discussion
Androgenesis is determined by a number of factors, including the microspore
developmental stage at the time of the introduction to the in vitro environment.
Therefore, determining the correct stage of microspore development would result in
better prediction for the proper timing of culture initiation. Results obtained from
this study indicated that the size of S. formosa floral buds highly correlated to the
stage of microspore development (P  0.01). The FPLSD test showed that the length
of buds containing microspores at early-, mid- and late-uninucleate stages
significantly differed from those containing tetrad microspores (Table 1).
Nevertheless, the difference in size among buds with early-, mid- and lateuninucleate stages was not significant. This was due to the fact that these three
stages lasted only for a short period, while the tetrad stage lasted longer.

Figure 1. The brilliant red with black boss of S. formosa flower. Insert: floral bud at
approximate size used in the study.
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In Nicotiana tabacum (Sunderland 1974), Linum usitatissimum (Nichterlein
and Friedt 1993) and Phelum pratense (Guo et al. 1999), microspores at lateuninucleate were proven to be useful in inducing androgenesis. If S. formosa is
considered to be similar to these 3 species, the anthers should be obtained from floral
buds 15.23 – 15.43 mm long. However, concurrent anther culture of S. formosa
using materials obtained from buds 13 – 16 mm long, which included all the
microspore developmental stages, resulted in no haploid plant regeneration except
callus formation.
Table 1. The classification of microspore developmental stage based upon
morphological measurements of floral bud length of 131 glasshouse-grown
Swainsona formosa.
Stage of microspore development
N
Tetrad
50
Early-uninucleate
37
Mid-uninucleate
24
Late-uninucleate
20
N = number of buds used.
*)
Means ± Standard Error.
**)
Mean separation by FPLSD test at  = 0.05.

Mean of floral bud (mm)*)
14.67 ± 0.06 a**)
15.04 ± 0.07 b
15.21 ± 0.09 b c
15.33 ± 0.10 c

Although the late-uninucleate appeared to be an optimum stage of microspore
development for in vitro culture of most species, the exact stage for successful
androgenesis was species dependent (Palmer and Keller 1997). Furthermore, the
conversion rate of microspores to plantlets was very low, ranging from 0.2 to 0.5 in
wheat (Masojc et al. 1993), 30.6 in rye (Immonen and Anttila 1999) and 0.5 to 17.6
in triticale (Immonen and Robinson 2000) per 100 cultured anthers. The reason for
this low conversion rate of microspores into plantlets is due to the mitotic activity in
microspore cells at the time they are introduced to culture. If the microspores are not
actively dividing they will not convert. In addition, other factors, such as medium
composition, plant hormones, anther pre-treatment, and environmental conditions
during culture incubation were also known to play important roles in inducing
androgenesis in many plant species.

Conclusion
Based on the work reported here, the floral bud length in S. formosa can be used as a
reliable indicator of microspore developmental stage, eliminating the need for
assessing every bud to ascertain its correct stage of microspore development at the
time of culture initiation.
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Microspore embryogenesis via anther or pollen culture offers the
opportunity to generate purely homozygous lines more rapidly
and efficiently compared to conventional ways. However, often
many species show a limited androgenic capability in cultures
and limited or even no embryo formation has been observed.
One crucial factor for the success of inducing androgenesis is the
appropriate developmental stage of microspores at the time of
culture initiation. The present study was aimed at correlating the
floral bud length as a morphometric attribute with microspore
developmental stage for a better time prediction for Swainsona
formosa anther culture.

The present results revealed that there was a strong relationship
between microspore developmental stage and the floral bud
length in S. formosa (P < 0.01). Further analysis using Fisher's
protected least significant different (FPLSD) test indicated that
the floral bud length containing microspores at early uninucleate,
mid uninucleate and late uninucleate differed significantly from
the length of floral buds containing microspores at tetrad stage.
However, the difference among buds containing microspores at
early uninucleate, mid uninucleate and late uninucleate was not
significant. This indicated that these three developmental stages
last only for a short period, while the tetrad lasts longer.

The Plant

Table 1.
The classification of microspore developmental stage based upon morphological
measurements of floral bud length of 131 glasshouse-grown S. formosa.

The Plant

Sturt’s Desert Pea (Swainsona formosa, (G.Don) J.Thompson), a
legume native to Australia, has a potential use as a hanging
basket, container or cut flower plant. It has the typical peaflower structure with a large shiny upper standard petal and a
long beak-like keel. The flowers are suspended at the end of an
upright peduncle in groups of mostly 6 florets arranged in a
subterminal whorl. The petals are commonly red, with a shiny
black boss, but variation from white or pink through to dark red,
with or without a distinctive boss also occurs. The species is
diploid (2n = 16) and self-compatible but, self-pollination is often
prevented by the presence of a stigmatic cuticule that precludes
pollen germination until ruptured.
Therefore, obtaining
homozygous lines would take several generations of timeconsuming bud pollination.

Materials and Methods
Materials and Methods

Plants were routinely grown in a glasshouse at 30/20oC with light
intensity 650 - 1200 µmol m-2 s-1 under natural daylength. Seeds
were germinated by soaking in just-boiled water for ± 10 sec.
followed by soaking in cool water for 24 hrs. The swollen seeds
were plated onto double layer filter paper in a Petri dish. The
testa was removed prior to transplanting to Jiffy pots at day 3
after germination. The 3-week old seedlings were transplanted
into 20-cm pots containing a Pasteurised mixture of 3 sand : 1
peat moss (by volume). The liquid fertiliser, Aquasol™ (N:P:K =
23:4:8) was applied weekly and a slow release fertiliser,
Nutricote® (N:P:K = 16:4.4:8.3), was applied at 4 and 12 weeks
after germination at a rate of 2 g/pot for each application. A total
of 131 floral buds with the size ranging from 13 to 16 mm were
collected from 60 plants. The length of each individual bud was
measured using a graph paper.

Stage of microspore development

N

Tetrad
Early uninucleate
Mid uninucleate
Late uninucleate

50
37
24
20

*)
**)

Mean of floral bud (mm)*)
14.67 ± 0.06a**)
15.04 ± 0.07 b
15.21 ± 0.09 b c
15.33 ± 0.10
c

Means ± Standard Error
Mean separation by FLSD test at  = 0.05.

The late uninucleate stage was proven to be useful in androgenic
protocols of Nicotiana tabacum (Sunderland, 1974), linseed
(Linum usitatissimum) (Nichterlein and Friedt, 1993) and Phleum
pratense (Guo et al., 1999). If S. formosa is considered similar to
these 3 species, the use of floral buds with 15.23 to 15.43 mm
would ascertain that the cultured anthers contain microspores at
uninucleate stage of development. However, the exact stage for
successful androgenesis is species dependent (Palmer and Keller,
1997). Furthermore, it is important to note that the conversion
rate of microspores to plantlets in some species is very low
(Masojc et al., 1993; Immonen and Anttila, 1999; Immonen and
Robinson, 2000). The reason for this low conversion rate depends
on the exact timing of mitotic division in microspores used.
Conversion only occurs in those microspores that, at the time of
introduction to culture, are actively dividing.

Conclusion

Conclusion
The estimation of microspore developmental stage in S. formosa
can rely on the morphological marker of floral bud by measuring
its length. It is not necessary to do an assessment on every bud to
determine the correct stage of microspore development for
culture initiation. This findings will also allow a quick staging
for future S. formosa anther or microspore culture.
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Figure 1.
Cytological stages of S. formosa microspore: A, mother cell; B, tetrad; C, early
uninucleate; D, mid uninucleate; E, late uninucleate; F, pollen grain. Bar = 10 µm.

Ten anthers from each bud were bulked-squashed in a few drops
of 1% aceto-orcein. The stage of microspore development was
determined based on the presence of a nuclear stage: mother cell,
tetrad, early-uninucleate, mid-uninucleate, late-uninucleate and
pollen grain (Figure 1).
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