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Introduction
To most New Zealanders Leptospermum
scoparium (family Myrtaceae), commonly
known as manuka or tea-tree, is a familiar
sight. It is a very widespread shrub or small
tree growing wild in lowland to subalpine
areas throughout the country from North
Cape to Stewart Island.
There is much natural variation within
this species, and forms with desirable
characters have been selected by various
enthusiasts and brought into horticulture.
Through such introductions from the wild
and crosses done notably by Messrs.
Duncan and Davies (New Plymouth), M r E.
F. Jenkin (Victoria, Australia), and Dr W. E.
Lammerts (California, USA), over 70
cultivars are presently grown in gardens
here and overseas. There are cultivars with
erect or prostrate ("dwarf") growth forms,
and showy flowers that are single or double,
with colours that range from pure white to
various shades of red.
Despite the large number and diversity of
cultivars in existence, no chromosome
study has previously been undertaken on
this group. Chromosomes are tiny, threadlike structures present in the nucleus of a
living cell, which can be seen during cell division through a light microscope. They are
composed of chromatin (a complex of proteins, DNA, and small amounts of RNA) and
hence carry the genetic information of the
plant.
Chromosome studies provide a means of
distinguishing and investigating relationships between plant groups. Changes in
chromosomes, either structural or numerical, can produce different plant forms, and
cause reproductive isolation leading to
speciation. Numerical changes include deletion or addition of chromosomes, or polyploidy. Polyploidy is a condition in which
there are three or more complete sets of
chromosomes within the plant cells. The
prefixes t r i , tetra, penta, hepta, octa, etc.
are used to denote the level of ploidy; for example, a triploid plant has three times the
haploid number of chromosomes. Therefore, the size, shape, and number of
chromosomes are characters which are important taxonomically and can be of use to
the plant breeder.
A chromosome preparation is obtained by
using actively growing material, such as
root-tips which are diploid (2n) tissue, or by
using pollen-mother (sex) cells, which are
haploid (n) tissue possessing only half the
chromosome pairs.

Materials and methods
Plants of wild origin (seed grown) and
some cultivars were raised in the Botany Institute experimental gardens at Lincoln.
Cuttings were taken from this material and
from cultivars growing at the Christchurch
Botanic Gardens and Lincoln University,
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Table 1 Documented chromosome numbers of
Leptospermum scoparium (Myrtaceae)
2n

Wild Forms

22
22
22
22
22
22

North Cape, N Auckland
Motutangi Swamp nr. Houhora, N Auckland
Okahukura Peninsula, Kaipara Harbour, N Auckland
Cape Colville, Coromandel Peninsula, S Auckland
Cape Colville, Coromandel Peninsula, S Auckland
Puatai Rd., E Cape, Gisborne

2n

Cultivars
Diploid
'Aurora'
'Fascination'
'Nichollsii'
'Pink Champagne'
Triploid
'Helen Strybing'
'Martinii'
Tetraploid
'Keatleyi'
'Keatleyi' Seedlings

CHR

Original Source

Source

461235
437898
437899
437900
437901
437902
CHR

22
22
22
22

Cultivated,
Cultivated,
Cultivated,
Cultivated,

Lincoln
Lincoln
Lincoln
Lincoln

461241
461242
461243
461244

33
33

Cultivated, DSIR, Lincoln
Cultivated, DSIR, Lincoln

461239
461240

44
44
44
44

Cultivated,
Cultivated,
Cultivated,
Cultivated,

461236
461237
461238
461245

DSIR,
DSIR,
DSIR,
DSIR,

DSIR,
DSIR,
DSIR,
DSIR,

and raised in pots at the DSIR, Lincoln
glasshouse in preparation for chromosome
counts.
Root tips were pre-treated with a
cyclohexamide-hydroxyquinoline mixture,
fixed in methanol-chloroform-propionic
acid, hydrolysed in HC1, macerated in
pectinase, and stained with Feulgen. The
meristematic portions were tapped out onto
a slide and squashed in lactic-acetic-orcein.
The chromosomes were studied using an oil
objective (x 1000) on a light microscope.
Flower diameter was measured, and
anthers taken from plants growing at the
above localities. Pollen was tapped out onto
a slide with Alexander's differential stain
(Alexander, 1980). Normal pollen grains
(non-aborted, presumed viable) stain dark
red whereas aborted (inviable) grains stain
light green. Percentage of "viable" pollen
was assessed by counting 1000-3000
grains.
Pollen size was obtained by measuring
the maximum diameter of 50 normal pollen
grains using a drawing tube.

Results and discussion
1. Chromosomes
The chromosomes of L . scoparium
measured 0.7-1.8 microns (µ) in length, too
small for detailed karyotype analysis, but a
predominance of metacentric (chromosomes with arms of equal length) and
fewer sub-metacentric chromosomes were
observed. Chromosome numbers are provided in Table 1.

Diploids
The chromosome number obtained from
plants originally growing wild at several

Lincoln
Lincoln
Lincoln
Lincoln

North Island localities is 2n = 22, which is in
agreement with South Island representatives counted in a previous paper. In
Dawson (1987) all species in the 6 genera of
the New Zealand Myrtaceae (Kunzea,
Leptospermum,
Lophomyrtrus,
Metrosideros, Neomyrtrus and Syzygium) had the
same chromosome count of 2n = 22.
The L . scoparium cultivars 'Aurora',
'Fascination', 'Nichollsii' (Figs. 1 & 5), and
'Pink Champagne' were also found to be diploid.

Triploids
L . 'Helen Strybing' (Fig. 2) and L .
'Martinii' (Fig. 3) have a chromosome number of 2n = 33, so are both considered to be
triploids (Figs. 6 & 7). These cultivars have
arisen through separate crosses between L .
'Keatleyi' (2n = 44) and a diploid cultivar
(2n = 22), the resulting progeny having an
intermediate chromosome number.
L . 'Helen Strybing' originated as a seedling from L . 'Keatleyi' in the Golden Gate
Park, San Francisco. It was introduced into
cultivation by the Strybing Arboretum, and
from there L. J. Metcalf obtained propagation material in the late 1950's or early
1960's, and introduced it into New Zealand
(Metcalf, pers. comm.).
L . 'Martinii' is apparently a cross between L . 'Keatleyi' and L . 'Nichollsii'. The
cultivar was named after its raiser, M r .
M a r t i n , a nurseryman of Aramoho,
Wanganui (Harrison, 1974). It received the
Award of Garden Excellence for 1965.
In his book "Handbook of trees and
shrubs", Harrison (1974) comments that L.
'Lambethii', a widely grown cultivar in Australia appeared there at the same time as L .
'Martinii' and seems to be the same cross. A
15

Fig 1 L . 'Nichollsii' flower x 2
Fig 5 L . 'Nichollsii' chromosomes 2n = 22, x 3000

Fig 2 L . 'Helen Strybing' flower x 2
Fig 6 L . 'Helen Strybing' chromosomes 2n = 33, x 3000

Fig 7 L . 'Martinii' chromosomes 2n = 33, x 3000

Fig 3 L . 'Martinii' flower x 2

Fig 4 L . 'Keatleyi' flower x 2
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Fig 8 L . 'Keatleyi' chromosomes 2n = 44, x 3000

Table 2 Pollen size and fertility of Leptospermum scoparium cultivars
Cultivars

Fig 9 L . 'Keatleyi' pollen grain x 3000. Common
pollen grain with 3 apertures

Fig 10 L . 'Keatleyi' pollen grain x 3000. Pollen
grain with 4 apertures

chromosome count would help verify this
opinion.
Inviable seed is often a characteristic of
triploid plants, due to the inability of the
chromosomes to pair evenly. However,
both triploid L . scoparium cultivars set
seed, some of which germinated. The new
cultivars L . 'Wiri Lesley' and L . 'Wiri Clare'
produced by Jack Hobbs (Auckland Regional
Botanic Gardens, Manurewa) have both
arisen from L . 'Martinii' as the seed parent
(Hobbs, 1989).

Tetraploid
L . 'Keatleyi' (Fig. 4), has 2n = 44
chromosomes (Fig. 8). This cultivar is a
t e t r a p l o i d , m o r e s p e c i f i c a l l y an
autotetraploid, because it presumably originated from the duplication of the
chromosome pairs within the same species,
amongst a diploid population.
Because of the extra set of chromosomes,
tetraploidy invariably affects the size of
cells and hence the form and size of the plant
structures. L . 'Keatleyi' has larger flowers
and pollen, and also seems to have larger
capsules, seed, leaf and stomata size than its
diploid counterparts.
This cultivar was named after a Captain
Keatley, who discovered it in the region between Parengarenga Harbour and North
Cape in 1917 (Stevens, 1945). It is derived

Abbrev.

Diploids/Presumed Diploids
'Aurora'
A
A
'Big Red'
BR
BR
'Blossom'
B
'Boscawenii Minor'
BM
BM
'Burgundy Queen'
BQ
'Crimson Glory'
CG
CG
'Elizabeth Jane'
EJ
'Fascination'
F
F
'Fiesta'
Fi
'Gaiety Girl'
GG
GG
'Huia'
H
'Jubilee'
J
'Kiwi'
Ki
Ki
'Nana Rosea'
NR
'Nichollsii'
N
'Nichollsii Improved'
NI
'Pendulum'
P
'Pink Cascade'
PC
PC
'Pink Champagne'
PCh
PCh
'Pink Pearl'
PP
'Princess Anne'
PA
'Red Damask'
RD
RD
'Red Ensign'
RE
'Red Falls'
RF
RF
'Roseum Flore-Pleno'
RFP
'Rosy Morn'
RM
'Ruru'
R
'Snow Flurry'
SF
SF
'Sunraysia'
SR
SR
'Tui'
T
'Twinkle'
Tw
'Winter Cheer'
WC
Triploids
'Helen Strybing'
HS
HS
'Martinii'
M
M
M
Tetraploid
'Keatleyi'
K
K
K

Source*

Mean Pollen
Diameter (µ)

Pollen
"Viability" (%)

2
4
1
2
1
2
4
1
2
1
1
1
4
1
2
1
1
2
1
4
4
2
1
2
1
2
4
2
1
2
1
3
1
1
2
1
1
2
1
3
1
3
3
2
1

18.8
19.6
18.2
19.3
17.6
17.4
18.4
17.2
18.7
19.2
18.2
18.0
18.8
18.4
17.2
18.5
17.7
17.7
18.4
18.4
18.1
—
15.4
17.0
18.1
18.4
18.6
18.7
17.7
17.0
17.0
18.2
18.5
17.4
18.1
18.5
17.4
17.7
18.1
18.8
16.4
18.9
18.4
17.2
16.6

49.78
95.50
81.54
29.98
77.60
86.37
95.10
31.82
64.71
35.71
48.12
60.19
57.78
29.88
35.10
55.71
82.41
83.01
70.73
95.57
93.65
0
43.20
92.08
78.82
61.92
97.60
73.87
55.53
79.14
66.83
79.28
48.12
71.88
89.12
62.78
78.74
87.45
44.17
53.91
55.56
47.64
86.51
52.64
28.72

2
4
3
1
4

19.1
21.0
20.0
21.0
21.0

38.07
45.48
63.86
47.04
41.35

2
3
1

23.2
23.3
25.0

45.72
52.91
49.10

*KEY FOR SOURCE:
1: DSIR Plots
2: Christchurch Botanic Gardens
3: Lincoln University
4: DSIR Glasshouse

from a pink-flowered form (var. incanum)
from Northland. The tetraploid plant was
probably recognized by the discoverer as
distinct, having larger flowers than the
other presumed diploid plants in the area.
Alternatively, the tetraploid condition may
have arisen spontaneously once the cultivar
was brought into cultivation, through subsequent selection.
Although polyploid individuals rarely
occur within a natural population, they can
be induced artificially by using chemicals
such as colchicine, a technique used by plant
breeders.

Polyploidy can be an important evolutionary factor in plants; individuals with an increased chromosome number may have different adaptive properties. A New Zealand
example is Poa (a genus of grasses); the
taxa constitute a polyploid series of 2n = 28,
42, 56, 84, 112, and 266 (Hair, 1968) all
arising from a diploid ancestor with 2n = 14.
In Australia, where most species of
Leptospermum occur, only L . minutifolium,
L . myrtifolium, and L . parvifolium are
tetraploid, other species investigated (about
20) are all diploid (Smith-White, 1948;
Dawson, 1987). Polyploidy therefore has
17

Fig 11 L . 'Nichollsii' pollen x 250

Fig 12 L . 'Helen Strybing' pollen x 250

Fig 13 L . 'Martinii' pollen x 250

Fig 14 L . 'Keatleyi' pollen x 250

not been a major factor in the evolution of
this genus.
Germination of L . 'Keatleyi' seed was
poor; from a batch of seed only two plants
resulted, which were also tetraploid,
suggesting the parent selfed. One seedling
examined had fairly large flowers (19.224.1 mm), but they were smaller on average, and a deeper shade of pink than L .
'Keatleyi' flowers. The other seedling was
not seen in flower, but had very large capsules, indicative of large flowers.

2 . Flower and pollen size of cultivars
Pollen of L . scoparium usually has three
apertures (Fig. 9), although some cultivars
also had a few pollen grains with four (Fig.
10). The diameters of these were not
measured, but because some were viable
they were included in the pollen fertility
counts. A larger proportion of pollen grains
with four apertures occurred with each increase in ploidy level (Diploids 0-3.33%;
Triploids 3.48-10.46%; Tetraploid 16.1436.6%).
Because of the associated increase in cell
size, pollen grain size is often a reliable indicator of polyploidy.
Pollen diameter was measured initially of
L . scoparium cultivars with known ploidy
levels. Because the range in pollen size between ploidy levels overlapped, a statistical
analysis of variance was necessary.
Some variation occurred in pollen size
18

and fertility (Fig. 15, Table 2) of a given
cultivar between sites. This is presumably
due to differences in local climate, and
flower or plant ages. Cultivars should be
comparable genetically between sites as
they are propagated vegetatively through
cuttings and have the same origin.
Average flower diameter was plotted
against the average pollen size between
sites for 34 cultivars. Measurements of
flower diameters are in general agreement
with the figures cited in Metcalf (1987).
The graph (Fig. 16) suggests there is a general relationship between increasing flower
and pollen size.
Pollen from the tetraploid L . 'Keatleyi' is
significantly larger than the diploid or triploid cultivars with no overlap at the 95%
Confidence Interval (C.I.; Fig. 15). This
cultivar is also distinct with the largest average flower diameter measured. No other
cultivar examined is likely to be tetraploid.
L . 'Helen Strybing' and L . 'Martinii' have
generally larger pollen than the diploid
cultivars sampled, but there is some overlap
at the 95% C.I. These triploids also have
fairly large flower sizes, but are less distinct
than L . 'Keatleyi'.
Of the remaining cultivars, those whose
chromosomes have not been counted are
probably also diploids, on the basis of pollen
grain and flower size. The possibility of one
or two undetected triploid cultivars cannot,
however, be rejected.
The cultivar with the smallest average

pollen size was L . 'Nichollsii Improved'. L .
'Nichollsii Improved' is derived from L .
'Nichollsii', originally discovered near
Kaiapoi, Canterbury in 1898 (Harrison,
1974; Metcalf, 1987). L . 'Nichollsii' has an
even smaller flower size (12-14 mm) than L .
'Nichollsii Improved', but no pollen
measurement was possible from the plant
growing at the Christchurch Botanic
Gardens, because all of the pollen was distorted and inviable (Fig. 11).
The diploid with the largest average pollen size was L . 'Aurora', which belongs to
var. incanum, from which L . 'Keatleyi' is
also derived.
The smallest average flower size belonged to L . 'Kiwi'. L . 'Kiwi', L . 'Boscawenii
Minor', L . 'Huia', and L . 'Nana Rosea' are
all very free-flowering cultivars with dwarf
growth form; this group represented in Fig.
16 shares intermediate pollen size and reduced flower size. Other dwarf cultivars
sampled such as L . 'Red Falls' and L . 'Ruru'
are not as floriferous, and do not exhibit a
reduced flower size. A l l dwarf cultivars
sampled had high pollen fertility.
The largest average flower size in the
presumed diploid group was for L .
'Blossom'. This cultivar, along with L . 'Big
Red', L . 'Fascination', L . 'Jubilee', L . 'Red
Ensign' and others, are of recent origin, and
have been selected for their large, double
flowers.
Pollen is scarce, but still obtainable, in all
double-flowered cultivars examined except

L . 'Fantasia' in which it seemed all the
anthers had been converted into petals.
Generally, flower and pollen size of the
wild populations sampled was small, but pollen fertility was high compared to the
cultivars.

Pollen diameter at 9 5 % confidence
intervals for Leptospermum
scoparium
cultivars of known ploidy levels

Summary
Chromosome number variation occurs
among L . scoparium cultivars. A l l wild
populations sampled had a uniform diploid
number of 2n = 22. Most of the cultivars of
this species share the diploid count, but L .
'Keatleyi' was found to be a tetraploid with a
chromosome number of 2n = 44. L . 'Helen
Strybing' and L . 'Martinii' are both triploids
with 2n = 33, and have arisen by crossing
the tetraploid L . 'Keatleyi' with a diploid
cultivar.
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Fig 15 Pollen diameter at 95% confidence intervals for Leptospermum scoparium cultivars of known
ploidy levels
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Mean flower diameter vs mean pollen
diameter of Leptospermum
scoparium
cultivars

Fig 16 Mean flower diameter vs mean pollen diameter of Leptospermum scoparium cultivars
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