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species all flower more or less at the same time of the
year, i.e. near the middle and towards the end of summer

when the area is at its driest.

Weimarck (1941) in his work on the Phytogeography of
the Cape Flora, lists several groups of species based on
their distribution. All the species of Acrostemon fall

into his endemic series,

Eleven of the species can be classified in his group
8, the South-Western Endems, where the Breede and Berg
rivers are the absolute limits. If his four subcentres
in this group are accepted, the species can be classified
as follows :-
(2) French Hoek - A.hirsytus, A. equisetoides, A. barkerae

and A, glandulosus.

(3) Kogelberg : Hottentots-Holland - A, stokoei,

A, eriocephalus, A. xeranthemifolius (with the

Klein River Mountains included here).

(4) Bredasdorp - A, schlechteri, A, vernicosus, A. glut-

inosus and A, utriculosus.
No species of Acrostemon occur on the Cape Feninsula,

Weimarck includes the Klein River Mountains, Hermanus,
in his Bredasdorp subcentre. The flora of these mountains
has a close similarity with the flora of the Bredasdorp
Mountains., However in the Ericaceae, the present author
has found that numbers of species in the Betty's Bay and
Kleinmond area also occur in the Klein River Mountains.

It would therefore be difficult to place these mountains
in either of the two subcentres, In the above classific-
ation, the mountains have been included in the Hottentots-

Holland subcentre on the distribution of the species of
Acrostemon.

The two remaining species in the genus, A, viscidus &
A, cereris, fall into Weimarck's group 9, the North-Western

Endems, as they occur north of the Breede and Berg Rivers.

On the whole the genus Acrostemon fits in well with

the groupings proposed by Weimarck.

Weimarck mentions the richness in endemics of the
Bredasdorp subcentre and he attributes this phenomenon to
the occurence of limestone in the area and the past climatic
conditions. It has already been mentioned that one
cannot be certain that the occurence of the limestone is

an important factor influencing the species distributions
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in the area without a considerable amount of investigation
into the ecology of a number of species, The influencing
past climatic conditidns occured when plant communities

were isolated on the limestone hills by intrusions made by

the sea onto the coastal flats.

The species of Agrostemon from this area provide
additional evidence infavour of the richness of endemics in

the Bredasdorp area. The genus Syndesmanthus similarly

shows a large concentration of endemic species in the
Bredasdorp Division with ten out of the nineteen species

being found there.

go miles

SCALE

Map ii. Distribution of the genus Acrgstemon.
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CYTOLOGY

The cytology of the Ericaceae has been confined
mainly to the Northern Hemisphere Rhododendraceae of which
374 species have so far been investigated. Only 61 other
species of Ericaceae have been studied cytologically,

Some work has been done on the northern Minor Genera and

10 species of Erica (Darlington & Janaki-Ammal, 1950).

As far as the South African Ericoideae are concerned,
only 2 out of the B00 species have previously been investi-
gated cytologically, Erica curvirostris Salisb, and Erica
sessiliflora L. (Callan, 1941), These were only recorded

incidently in a study of hybridisation in Gaultheria.

It was decided, as a preliminary to the study of the
chromosomes in the South African Ericoideae, to investigate
the cytology of the genus Acrgstemon K1, both for deter-
mining a workable technique and the feasibility of chromo-

some study in the group.

Callan (1941), who has worked on the Ericoideae, used
the technique of staining sections of root tips and of
anthers. Hagerup (1928) in his study of the Bicornes stained

sections of young anthers obtained from buds,

As the technique of embedding and of sectioning had to
be mastered before any proper investigation could be under-
taken and as the anther squash method had never been attem~
pted in the Ericoideae before, the latter method was decid-

ed upon for the investigation,

Attempts were made to obtain root tips from three
sources :=-
1) mature plants in the natural habitat or ones
transplanted to cultivation, '
2) seeds germinated in pots or in culture media,

3) rooted cuttings,

Due to the woody nature of Ericaceous shrublets, it
was impossible to obtain root tips from mature plants
either in the natural habitat or in cultivation. Seeds
of the species were not availahle as the Minor Genera
produce very little secd. Cuttings of one species of

Acrostemon were tried but proved unsuccesful,

Consequently it was decided to concentrate on the

cytological investigation of the anthers and pollen tubes.,

- 122 -



1. ANTHER SQUASH TECHNIQUE.

The source of buds for this investigation was entirely

from plants growing in the natural habitat.

No work has previously been carried out on the Ericaceae
in this field. The investigation, thus, had to start as a
search for suitable material and ways of handling it. The
technique employed was the general one given by Darlington &
La Cour (1950) and by Smith (1949),

Material of Acrostemon stokoei var, confusus from the

Highlands fForest Reserve, Caledon Division, was the first to
be investigated. Acetic-alcohol was prepared the day before.
Inflorescences were cut off with as little unwanted vegetative
material as possible, placed in phials of fixative im the
field, and brought back to the laboratory for examination,

A thorough examination of the material revealed no traces of
chromosomes or even nuclei. This indicated that the fixation

was ineffective,

In the buds the cotrolla is firmly closed over the anthers
and it was found the buds were filled with a bubble of air,
Therefore, the fixative had not penetrated the buds to bathe
the anthers, but had instead gradually permeated the basal

tissues of the bud and only then entered the anthers,

An easily accessible population of A, stokoei was located
near Houw Hoek. In order to produce rapid and thorough
fixation two precautions were taken :-

(1) the fixative was kept in tightly stoppered bottles

and was mixed just before use;

(2) the buds of the inflorescences werc opened with a
needle under a Leitz dissecting microscope to allow
the fixative to enter the interior of the buds.

On examination of this material the precautions proved
success ful and the chromosomes were found after the right bud
stage had been located. After numerous squashes it was
found that the right bud stage could be judged fairly accur-
ately. The inflorescence in species of Acrostemon is a
condensed raceme. In any one inflorescence there is a
range from almost open buds to very young buds. The anthers,
when mature, are a deep meroon-red colour, The coloration
begins to appear when the pollen mother cells mature. After
fixation most of the coloration is removed, mainly from the
younger anthers. The correct stage for division was obtaine

ed when anthers just showing a pink tinge were squashed.
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It was subsequently found that this was the case in
most of the other species investigated. However, this
criterion was found not to be reliable in both A, viscidus

and A, schlechteri,

The following is the technique which was found to be
the most effective and which was applied to all the material.
(1) Fix inflorescences for 24 hours in fresh acetic-alcohol

(1:3 or if desired 1:6) after the buds have been opened to
expose the anthers. If necessary store in 70% alcohol;
this is inadvisable as the alcohol removes the colour

from the anthers.

(2) Select the right stage bud and dissect out the anthers
in a drop of acetocarmine on a microscope slide and cut
off the filaments.

(3) Transfer the anthers to a drop of acetocarmine on a
fresh slide,

(4) Drain off most of the acetocarmine with a wedge of fine
blotting paper or filter paper.

(5) Macerate the anthers with a freshly cleaned needle.
This should be carried out under a dissecting microscope
to ensure that all spore mother tissue is separated as
much as possible from the anther walls.

(6) Add fresh acetocarmine and a clean slip.

(7) Warm gently over a flame and add more acetocarmine to
the edges of the coverslip.

(8) Examine for dividing cells.

(9) Record chromosome plates by drawings with a camera lucida

or, if available, by photomicrography.

One step, which is usually recommended by workers, is
left out of the above schedule. No pressure must be app-
lied to the coverslip once it is on the preparation. Any
pressure will cause the cells to burst. Slight pressure of

the coverslip which developes as the acetocarmine evaporates,

is all that the cell walls can tolerate. This is also true
for the maceration. If the usual flat squashing needle is
used, the cells tend to break up. A rounded needle is

sufficient for breaking up the material.

This weakness of the walls of the pollen mother cells
proved to be a problem in these investigations, The cells
often tend to adhere. Excessive maceration damages the
cell walls, while too little leaves the cells in masses.,.
Hydrolysis with hydrochloric acid is often employed to sep-

arate cells, This was not attempted as it would prove
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In his work on the Bicornes, Hagerup (1928) discusses
the time before flowering at which the buds possess anthers
undergoing meiotic divisions. In Erica tetralix L. he
gives a time of three to four weeks before flowering which
is similar in Calluna vulgaris Salisb., but in Erica

cinerea L. and Erica arborea L. he gives no exact time.

However, in Erica carnea L. reduction division takes place

about six months before flowering and this is found in

other non-Ericaceous families of the Bicornes {(Hagerup 1928).

The present author found that the species of the genus

Acrostemon investigated have had reduction division taking

place about one month before flowering.

SPECIES INVESTIGATED _: DISCUSSION:

1. Acrostemon stokoei- L. Guthrig.v confusus EsG.H, Dliver.
The first material was collected and fixed in the field

in the Highlands Forest Reserve, Caledon. The material

proved to be of no use because of the poor penetration of

the fixative.

The second batch of material was collected on the Houw
Hoek Pass, Caledon Division, in March. Material of the
buds was fixed in the field. A nﬁmber of squashes was
made before buds of the right stage could be located. If
too young the anthers contained a mass of undefined pollen
mother cells, if too old, a large amount of loose mature
pollen tetrads occured., The correct stage was judged by

the faint coloration of the anthers.

Several counts were made, giving, without doubt, a
haploid number of 12 in all cases. (fig 32). Counts were
obtained from first metaphase and second metaphase plates,
both of which gave equally good results when the chromosomes

were not clumped.

A third batch of material was collected on Viljoen's
Pass, Elgin. The material was fixed in the laboratory.
The investigation on this material was made in order to
‘check the chromosome count obtained from the previous
material. A count of n & 12 confirmed the first results.
From this it could be presumed that the technique being
applied to the material was satisfactory in giving the

required results.
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A, stokoei L. Guthrie

var. confusus E.G.H., Oliver n = 12
A, viscidus N.E.Br. n = 12
A. eriocephalus (K1) N.E.Br. n= 12
A. vernicosus E.G.H. Oliver n= 12
A. glutinosus E.G.H. Oliver n =z 13
A. xeranthemifoliug (Salisb.) E.G.H. Oliver n = c 15=18
Syndesmanthus paucifolius Benth. n=c 12

Except for the two species, A. glutinosus and A. xeran-
themifolius, the species investigated in the genus Acrostemon

possess a haploid number of 12 ¢chromosomes.

Of the species of Ericoideae listed by Darlington &
Janaki-Ammal (1950) all ten species of Erica have n = 12;
two of which are South African, However, the only other
genus listed, Calluna vulgaris Salisb., has a number of

n=8.

In the group with haploid numbers other than 12,
A. glutingsus poses a problem in having a clearly different
chromosome number. In fig. 36C the chromosomes are in
second metaphase. The two separate chromosomes apparently

belong to the lower plate. Here the haploid count is 13.

In fig, 36D the chromosomes are at second anaphase,
the distinct plates being at two different levels and are
shown separated by the dotted line, and the haploid count
is 13. In fig. 36A the chromosomes are most probably at
the begining of second anaphase and starting to drift apart.
The single countable plate contains 24 chromosomes and must
therefore be 12 pairs. However, one pair of chromosomes
appears to be absent. In fig. 36B the chromosome plate
is in a similar state of division, but in this case at the
begining of first anaphase. The exact number of chromo-
somes is difficult to determine. There appear to be 23
large mosomes and 3 smaller.bodies which may or may not

be chromosomes. The count is either 12 or 13.

It therefore seems that the chromosome count must be
13 and not 12, as in the other species, if some of the

plates contain 13 chromosomes.

A, xeranthemifolius appears to have a different

chromosome number, but this is uncertain at the present.
The species was placed in the monotypic genus Hexastemon K1.
which has on morphological grounds been included in the

genus Acrostemon. The possession of a different chromo-
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some complement does not necessarily exclude the species
from the genus Acrostemon. A precise count and investig-
ation of the chromosomes may produce more information

regarding the relationships of this species.

The gross morphology of chromosomes is often useful

in taxonomic studies. Because of the characteristic feat-
ures of chromosomes in some species, it is possible to
distinguish as individuals every chromosome of the comple-
ment. Where this is the case the karyotype can be of
considerable taxonomic value, because related species, while
possessing chromosomes of the same number, are often found
to show constant differences in their gross morphology.

(Heslop~Harrison, 1960).

It was not possible in this work on the chromosomes of
species of Acrostemon to prepare any idiograms of the
chromosome complements in the manner of tﬁose given in
a number of modern treatments of genera and groups of
genera (Crepis, Babcock et al, 1947; Nicotiana, Goodspeed,

1954).

In most of the chromogome plates obtained in this
work, little or no distinct structure could be seen, The
chromosomes were small and with no definite shape. Some,
however, showed a constriction and two arms, (fig. 36B),

but this seemed to be of no value.

The only published chromosome figures of Ericoideae
are those of Hagerup (1928) shown in fig. 30. These do
not show any differences in morphology and are similar to

some of the plates obtained for Acrostemon.
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2. INVESTIGATION OF POLLEN tUBE NUCLEI.

Mention of the use of pollen tube nuclei for the
studying of chromosome numbers and morphology was made by
Darlington and La Cour (1950). As an alternative method
to the pollen mother cell squash, it was decided to attempt

this technique,

Schnarf (1939) listed all investigated species of
Angiosperms with respect to the pollen nuclei, whether there
are two or three nuclei in each pollen grain at anthesis,

He listed Erica tetralix L. and several species of Rhodo-
dendron as having two nuclei in the pollen grain at anthesis

but did not mention the division of the generative nucleus.

Angiosperms may be grouped according to whether the
generative nutleus divides in the pollen grain or in the
pollen tube. If the division takes place in the pollen
grain, the resulting two male nuclei pass down the pollen
tube while in the latter group, the generetive nucleus
passes into the tube where it divides, As the pollen tube
is usually of a delicate texture and thin walled, this has
proved an ideal way of studying chromosomes. Most of the

work in this field has been carried out on Iradsscantia,

also on Lilium, Amaryllis and Julipa (Conger, 1953),.

It is most surprising that more workers do not employ
this technique in plants where the generative nucleus does
divide in the pollen tube. Conger (1953) states "Trades-
cantia pollen tubes are grown routinely in this laboratory
and experiments have one hundred or more analyzable meta-
phase nuclei on each slide". Bishop (1949) in his work on
Tradescantia says "In one lot of twenty-seven cultures, an
average of forty-three countable metaphases per cover glass
was obtained with the maximum at 121 metaphases”. These
seemed to be excellent results and gave added encouragement
for attempting this method in the Ericaceae and its feasi-

bility was investigated.

References in bibliographies produced a number of
papers dealing with the subject of the culture of pollen
tubes, among them were Beatty (1937), Newcomer (1938),
Swanson (1940), Sax & 0'Mara (194l1), Bishop (1949) and
Conger (1953).

The method appears to have been developed by Beatty
(1937) and Newcomer (1938) and subsequent papers have been

based on one or other of their works. The procedures aof
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Bishop (1949) and also to some extent of Conger (1953) were
found to be the most useful and easily applied.

The species used in the investigation Wwas Acrostemon
viscidus N.E. Br. from the Schurfteberg Pass north of Ceres.
Branches of the species were cut and chosen where a large
number of flowers were in a late bud stage, When flowers
of Acrostemon species and many Ericaceae open, the anthers
part almost immediately and shed their pollen. It is
almost essential to obtain bud stages which will open at
the required time. The material was placed in water in the
laboratory and the flowers allowed to develbp. A contin-
uous supply of fresh pollen was thus available for a period
of up to ten days before the buds showed signs of collaps-
ing.

A problem arose as to the procedure of using pollen
from flowers that had been picked for up to ten days to
know whether the pollen was in perfect condition. Only a
series of tests with the perfectly fresh and the "old"
pollen could show whether there were any significant diff-
erence in their behaviour and the results obtained.
Insufficient time and material prevented any investigations

of this aspect.

-Two different methods were employed in the culture
programmes, The first was used by Conger (1953) based on
Beatty (1937) and Newcomer (1938). The second was advoca-
ted by Bishop (1949). Both methods use film-culture, but
apply the film to different surfaces and use different

moist-chambers.

Conger stated that his technique was for the growing

of Tradescantia pollen grains. It was most important for

a worker to know what variations were necessary for any
other material under investigation. However, any method
of culture would be satisfactory if it ensured :-

(a) that the fresh pollen is kept dry before sowing,
i.e, kept in a desiccator if necessary,

(b) that no time is lost between sowing the dry pollen
on the culture medium and placing it in a moist-
chamber,

(c) that sown and growing pollen preparations are kept
moist all the time,

(d) that no contamination is allowed in the colchicine

and the culture medium or from fumes.
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Conger's method briefly involved :-

(a) making a culture medium of l2gms of sucrose, l.5gms
of agar, 0.0lgms of cochicine in 100ml of distilled
water; '

(b) spreading the medium evenly on slides and allowing
it to harden;

(c) immediately scattering fresh dry pollen evenly over
the medium;

(d) immediately placing the slide in a moist-chamber;

(e) examining the slides at varying intervals by
placing a drop of acetocarmine and a cover slip

on the growing pollen grains.

It was important to obtain thin culture films on the
slides since it was found that the pollen tubes grew in
different planes and thus were difficult to observe.
bifficulty was experienced in spreading an even thin film
over the slide. More often than not it was blotchy and
uneven, Several variations of the tethnique were tried to

counteract this.

General observations by workers have shown that pollen
nuclei begin to divide about 9 - 10 hours after germination
of the pollen tube and that most divisions will have taken

place from 15 - 18 hours after sowing.

The pollen was, therefore, sown late in the afternoon
to provide the best working time in the following mid-
morning. From early morning, at intervals of an hour, 2
slides were taken out at random, fixed, stained and examined
for dividing nuclei. A series of fifteen slides was pre=-

pared by this method and kept in a moist-chamber.

The results were poor and the slides had little to
show, The germination was 75% on good slides and less
than 5% on poor slides. There was also a great variation
in the length of pollen tube on the better slides. No
explanation can be given for this phenomenon. After 19
hours the cultures showed better germination, but no signs
of any chromosomes or even nuclei. No exact time could be
given as the optimal time for investigation. The varying
thickness of the culture medium allowed the pollen tubes to
grow at all angles and to twist about. This did not faci-

litate the microscopic examination.

A disadvantage found with this method was the rapid

growth of fungi on the sucrose culture medium, This was

- 135 -






























Fig. 37.
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