
Letters

Eucalypt naked buds – expansion
or abscission?

A comment on Schoonderwoerd & Friedman (2021)
‘Naked resting budmorphologies and their taxonomic
and geographic distributions in temperate, woody
floras’

In a recent issue of New Phytologist, Schoonderwoerd & Friedman
(2021) indicated that woody angiosperms with naked buds (buds
that lack cataphylls) that can survive freezing temperatures aremore
common thanwas previously thought. A commentary on this paper

titled ‘…we really don’t know [buds] at all…’ was also published in
the same issue (Jones, 2021).

Naked buds in temperate areas (i.e. exposed to freezing
temperatures) were found in at least 87 genera in 42 angiosperm
families (Schoonderwoerd & Friedman, 2021). Included in these
87 genera was Eucalyptus (Myrtaceae). The eucalypts are composed
of c. 800 species, in three closely related genera, Angophora,
Corymbia and Eucalyptus (Gonz�alez-Orozco et al., 2014). Probably
all eucalypts have naked buds (e.g. Jacobs, 1955; Chattaway,
1958a;Cremer, 1972; Burrows, 2013), but before considering how
the buds of this group were classified by Schoonderwoerd &
Friedman, the structure and function of these axillary buds needs to
be reviewed. There are three main features of these buds. First, the
buds do not look particularly bud-like. Before expanding into a
shoot, they consist of a very slender structure with very few leaf
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Fig. 1 Shoot system of Eucalyptus cladocalyx.
(a) Shoot system showing older mature leaves
(fromthe stem in the tophalf of the image)and
recently initiated leavesbelow.Note thenaked
buds (small arrows) andwhere the naked buds
(large arrows) have abscised. The asterisk
indicates where a naked bud had developed
into a branch but was removed to make the
scan clearer. The scale shown is in mm. (b)
Recently formed leaf axil with a naked bud
(nb) consisting of a proximal stem (st) and
distal leaf primordia (lp) that surround the
shoot apical meristem. p, petiole; s, stem of
main shoot. Bar, 1000 µm. (c) Older leaf axil.
Note the scar created from the abscission of
the naked bud (large arrow). The smaller
arrow indicates where the accessory buds
would emerge. Bar, 1000 µm.
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primordia (see Cremer, 1972 and Figs 1–3). The shoot apical
meristem is located at the tip of an elongated stem (Fig. 1b), thus
the meristem receives no protection from the base of the petiole, as
occurs in some Myrtaceae genera (Burrows et al., 2008). Second,
under favourable conditions the naked buds can allow for rapid
expansion of the shoot system (see the large arrow in Fig. 2a);
however, nearly all naked buds are abscised shortly after formation
(Jacobs, 1955; Chattaway, 1958a; Cremer, 1972; Carr, 1998;
Burrows, 2013). This leaves a circular scar in the leaf axil (Figs 1c,
2c,d, 3b,f). For example, Chattaway (1958a) examined the leaf
nodes of 44 eucalypt species and recorded that naked buds occurred
in every axil, but most were shed in the first hot dry spell. Third,
while many plant species have only a single bud in a leaf axil, the
eucalypts have additional buds (accessory buds) at the base of the
naked bud.After naked bud abscission, it appears externally that the
axil no longer possesses any regeneration potential, but these well-
protected accessory buds and meristems (Fig. 2d; Burrows, 2000:
figs 2–5, 2013: fig. 3; Burrows et al., 2008: figs 1–4; Waters et al.,
2010: figs 1, 3) allow regeneration after minor damage (e.g. fire
scorch, low-level drought, insect herbivory, severe frost). They are
also the progenitors of the eucalypts’ epicormic strands, which have
remarkable resprouting capacity after crown fire (Burrows, 2013).
Cremer (1972, p. 185) noted of 20 eucalypt species from the
Australian Capital Territory (within the Southern Tablelands of

New SouthWales (NSW) and one of the colder parts of Australia)
‘… very few primary buds had survived the winter and a large
proportion of the shoots growing in spring had come from
accessory buds located on the previous year’s shoots.’ This would
also bemygeneral observation of c. 20 eucalypt species fromaround
Wagga Wagga, NSW. Thus, in the eucalypts the naked buds can
lead to a rapid expansion of the shoot system but in the main are
‘expendable’, while the important bud reserve is the accessory buds.
The three monotypic genera (Arillastrum, Allosyncarpia, Stock-
wellia) closest to the eucalypts have compact, long-lived primary
buds and a series of accessory buds at surface level (Burrows et al.,
2008).

While the above is a general description of eucalypt naked buds,
some variation has been recorded. Cremer (1972) notes that for
Eucalyptus regnans in Tasmania, shoot growth in spring mainly
came from primary buds that survived the winter. Cremer also
noted that the overwintering primary buds of Eucalyptus pauciflora
(snowgum, often found lining the runs inAustralian ski fields)were
covered by a single pair of cataphylls. Combined with my
observations of what appear to be bud scales for one Angophora
species (Fig. 3d,e; see also Carey, 1931) there is some variability in
the structure and behaviour of eucalypt primary buds. With c. 800
eucalypt species, it is possible that further variation is yet to be
described.

(a)

(e) (d)

(c)

(b)

Fig. 2 Shoot system of Corymbia ficifolia.
(a) Recently initiated leaves on the distal two-
thirds of the stem and mature leaves on the
proximal third. Small arrows indicate naked
buds. Theasterisk indicateswhereanakedbud
had developed into a branch butwas removed
to make the scan clearer. The large arrow
indicates the very long first internode (assists
with shoot expansion) of a naked bud that
developed into a branch. The scale shown is in
mm. (b) Leaf axil with naked buds (arrowed).
p, petiole; s, stem. (c) Leaf axil showing the
scar of an abscised naked bud (long arrow).
The smaller arrow indicates where the
accessory buds would emerge. (d) Near
median longitudinal section of a leaf axil like
that in (c). Note the scar of the abscised naked
bud (large arrow) and the accessory buds and
meristems (black arrows). The small white
arrow shows the furrow that extends to the
accessory buds. (e) Tip of a rapidly developing
naked bud/branch, with elongated naked
buds already formed in the unfolding pair of
leaf primordia (arrowed). Bars: (b–e) 1000 µm.
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Schoonderwoerd & Friedman classified naked buds into six
morphological categories, four with exposed buds (archetypal,
heteroblastic, nonenveloping, caducous) and two with unexposed
buds (recessed, stipular). They indicated that Eucalyptus had
archetypal naked buds. Archetypal buds have three main features:
the ‘… outermost preformed leaves in the resting bud are exposed
directly to the aerial environment during summer, autumn and
winter.’ (p. 526); ‘… considerable preformation of foliage leaves…’
occurs (p. 526); and no scale leaves are formed, not even those that
are nonenveloping or caducous. While eucalypts definitely have
naked buds, two issues exist with classifying eucalypt naked buds as
archetypal. First, as noted, eucalypt naked buds are usually slender,
delicate structures with few leaf primordia (Figs 1b, 2b, 3a,f). A
‘considerable preformation of leaves’ does not occur. Second, if the
eucalypt naked buds do not immediately develop into a branch
they will be abscised; thus, primary resting buds are not exposed to
freezing temperatures (although see Cremer’s comments on E.
regnans). Schoonderwoerd & Friedman did not have access to
living eucalypt material (pers. comm.), and herbarium specimens
might not show the developmental sequence illustrated in Figs 1(a)
and 2(a). Over 60 years ago, Chattaway (1958b, p. 45) noted that

the regenerative powers of the eucalypts were ‘distinctive and
unique’, with the structure and function of the naked and
concealed (accessory) buds not as well-known as they should be.

It is not stated how many eucalypt species Schoonderwoerd &
Friedman included in their study. For the climate and tree height
analyses, theynote (p. 525) ‘…Eucalyptus spp.were excluded to avoid
phylogenetic biases introduced by a single species-rich clade…’ and
‘when the species-rich Eucalyptus radiation in Australia is excluded
…’ (p. 529). Combining the data of Gonz�alez-Orozco et al. (2014)
on spatial patterns of eucalypt richness with the Australian Bureau of
Meteorology’s map of potential frost days, it appears that several
hundred eucalypt species in southern Australia would be exposed to
freezing temperatures. The area where the inclusion of eucalypts as
having archetypal naked buds might have the greatest influence on
their paper is their fig. 4(a,b), where it appears that the coastal and
tableland regions of southeast Australia have the world’s greatest
number and relative richness of species with exposed naked buds
(among freezing-tolerant woody angiosperms).Much of this richness
might be from the inclusionof eucalypt species. As the eucalypt naked
buds are probably not present when frosts occur, this figure could be
considered misleading. Also, many of the darkly coloured cells in
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Fig. 3 Naked buds of Angophora: Angophora
hispida (a–c), Angophora costata (d–f). Bars,
1000 µm. In Angophora the leaves are
opposite, and in Angophora hispida the
petioles are short and the leaf bases cordate.
(a) Pair of naked buds (arrowed). (b) Naked
bud had abscised, leaving a scar (long arrow).
Short arrow indicates the accessory bud. (c)
Near-median longitudinal section through a
node, showing the bases of the naked buds
(nb) and theaccessorybuds (arrowed). (d) Pair
of axillary buds. Note their low domed profile,
with overlapping leaf primordia on their
surface. (e) It appears that the axillary bud on
the left began to develop and then died, while
the one on the right had developed into a
shoot. Note the small brown scales at the base
of this shoot (arrowed). (f) A slender naked
budon the left anda scar of an abscisedbudon
the right (short arrow). There appear to be
accessory buds below the bud and scar (long
arrows).
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their fig. 4a,b are in southeast Queensland, where frosts rarely occur,
and some coloured cells extend well into the tropics, where frosts
would never occur.

Carey (1930), from a study of 140 woody species of NSW,
recorded naked buds in several families not listed by Schoonder-
woerd & Friedman. Carey recorded 22 families with naked buds,
11 of which were in Schoonderwoerd & Friedman’s study, while
the remaining 11 were not included. In short, there may be still
more to be discovered about naked buds, especially away from the
well described European and North American woody floras. Jones
(2021) considered that the recent study of naked buds and cold was
an example of renewed interest in a subject that had been dormant
for decades. It is not surprising that Schoonderwoerd&Friedman’s
study would generate some additional contributions to the topic.
The title of Jones’ commentary ‘… we really don’t know [buds] at
all…’ was perhaps somewhat prophetic?

In summary, the eucalypts are possibly the largest group of
woody plants that form naked buds. They are probably the only
group of woody plants in which most primary buds are abscised
soon after formation and deeply buried accessory buds form the
resprouting reserve. This unusual combination of axillary struc-
tures is apparently quite consistent across this large and diverse
group.While the eucalypts have naked buds they are not archetypal
and possibly require an expansion of Schoonderwoerd & Fried-
man’s classification system. It could be argued that eucalypts have
two types of naked bud – exposed and nonexposed. The accessory
buds could be an extreme form of naked recessed bud, although
their initial leaf primordia (Fig. 2d)may be cataphylls to protect the
bud as it pushes through the overlying tissues. These two very
different axillary buds give the eucalypts the ability to rapidly
expand shoots whenever the conditions are suitable, while also
having an excellent protected bud reserve.

ORCID

Geoffrey E. Burrows https://orcid.org/0000-0002-6894-0010

Data availability

All new data are available in the three figures.

Geoffrey E. Burrows

School of Agricultural and Wine Sciences, Charles Sturt
University, Locked Bag 588,WaggaWagga, NSW2678, Australia

(email: gburrows@csu.edu.au)

References

Burrows GE. 2000. An anatomical study of epicormic bud strand structure in

Eucalyptus cladocalyx (Myrtaceae). Australian Journal of Botany 48: 233–245.
Burrows GE. 2013. Buds, bushfires and resprouting in the eucalypts. Australian
Journal of Botany 61: 331–349.

Burrows GE, Hornby SK,Waters DA, Bellairs SM, Prior LD, BowmanD. 2008.

Leaf axil anatomy and bud reserves in 21 Myrtaceae species from northern

Australia. International Journal of Plant Sciences 169: 1174–1186.
Carey G. 1930. The leaf-buds of some woody perennials in the New South Wales

flora. Proceedings of the Linnean Society of New South Wales 55: 708–737.
Carey G. 1931. A note on the leaf buds of angophoras. Proceedings of the Linnean
Society of New South Wales 56: 455–457.

Carr DJ. 1998. Systems of phyllotaxis in the genus Eucalyptus in relation to shoot

architecture. In: Jean RV, Barab�e D, eds. Symmetry in plants. Singapore City,
Singapore: World Scientific, 33–59.

Chattaway MM. 1958a. Bud development and lignotuber formation in eucalypts.

Australian Journal of Botany 6: 103–115.
ChattawayMM.1958b.The regenerative powers of certain eucalypts.TheVictorian
Naturalist 75: 45–46.

Cremer KW. 1972.Morphology and development of the primary and accessory

buds of Eucalyptus regnans. Australian Journal of Botany 20: 175–195.
Gonz�alez-Orozco CE, Thornhill AH, Knerr N, Laffan S, Miller JT. 2014.

Biogeographical regions and phytogeography of the eucalypts. Diversity and
Distributions 20: 46–58.

JacobsMR. 1955.Growth habits of the eucalypts. Canberra, ACT,Australia: Forestry
and Timber Bureau.

Jones CS. 2021. ‘. . . we really don’t know [buds] at all…’. New Phytologist 232:
461–463.

Schoonderwoerd KM, FriedmanWE. 2021.Naked resting bud morphologies and

their taxonomic and geographic distributions in temperate, woody floras. New
Phytologist 232: 523–536.

WatersDA,BurrowsGE,Harper JDI. 2010.Eucalyptus regnans (Myrtaceae): a fire-

sensitive eucalypt with a resprouter epicormic structure. American Journal of
Botany 97: 545–556.

Key words: accessory buds, axillary buds, cataphylls, eucalypts, Eucalyptus, naked
buds.

Received, 17 November 2021; accepted, 23 February 2022.

New Phytologist (2022) 235: 11–14
www.newphytologist.com

� 2022 The Authors

New Phytologist� 2022 New Phytologist Foundation

LettersForum

New
Phytologist14

https://orcid.org/0000-0002-6894-0010
https://orcid.org/0000-0002-6894-0010
https://orcid.org/0000-0002-6894-0010
https://orcid.org/0000-0002-6894-0010
https://orcid.org/0000-0002-6894-0010
https://orcid.org/0000-0002-6894-0010

	 A com�ment on Schoonder�wo�erd and Fried�man () `Naked rest�ing bud mor�pholo�gies and their tax�o�nomic and geo�graphic dis�tri�bu�tions in tem�per�ate, woody flo�ras'
	nph18135-fig-0001
	nph18135-fig-0002
	nph18135-fig-0003
	 All new data are avail�able in the three fig�ures.

	 Ref�er�ences
	nph18135-bib-0001
	nph18135-bib-0002
	nph18135-bib-0003
	nph18135-bib-0004
	nph18135-bib-0005
	nph18135-bib-0006
	nph18135-bib-0007
	nph18135-bib-0008
	nph18135-bib-0009
	nph18135-bib-0010
	nph18135-bib-0011
	nph18135-bib-0012
	nph18135-bib-0013
	nph18135-bib-0014


