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Plate 2 B efore (Top Photo: Alaistair Wardlaw) and after (Bottom Photo: Lynsey Muir) wrapping tree ferns. 
Left: Cyathea smithii (65cm trunk). Right: Cyathea dealbata (20cm trunk).
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Plate 3 L eft: Cyathea dregei (55cm trunk) before (Top Photo: Alaistair Wardlaw) and after (Bottom Photo: 
Lynsey Muir) wrapping. Right, top: Culcita macrocarpa, with leaf-litter heaped on the prostrate rhizome 
Photo: Alaistair Wardlaw. Right, bottom: Thyrsopteris elegans, before adding insulation (straw + polystyrene 
tile) to cover the apical region. Photo: Alastair Wardlaw.
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R E SU LT S

Tree fern and courtyard air temperatures. All ten of the tree ferns in the present 
study survived the winter and put out new fronds the following spring. Weekly 
readings of minimum and maximum temperatures in one of the tree fern apical clefts, 
and in the nearby air, are presented as a representative sample in Fig. 1. These data 
were obtained for the tallest (1.85m) specimen of Dicksonia antarctica (Plate 1). 
The solid blue line shows that the apical temperatures dipped slightly below 0°C 
on 3 occasions during the winter. The dashed blue line, representing the nearby air 
temperature in the courtyard, is mostly lower than the solid line, indicating that 
the tree fern apical cleft had an insulating effect against these cold exposures. The 
insulating effect was also demonstrated by the weekly maximum temperatures, plotted 
in red. These present a more closely parallel movement of apex and air temperatures, 
with the insulating effect revealed by the tree fern apex not warming up as much 
as the surrounding air.

Dicksonia antarctica (185cm trunk: no added insulation)
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	 Whereas the above tree fern, and the two other D. antarctica were not given 
added insulation, the two tree ferns in Fig. 2 were both wrapped for winter. The trunk 
and crown of the 65cm Cyathea smithii was encased in straw (Plate 2). The prostrate 
rhizome of Culcita macrocarpa in the lower part of Fig. 2 was covered with leaf litter 
(Plate 3). These two plants gave temperature results with the same general pattern as 
those from D. antarctica, that is that the apical temperatures dipped below 0°C during 
the coldest periods. The thermal insulating effects were also revealed by the fact that 

Fig. 1  Weekly temperatures of Dicksonia antarctica (Plate 1) with 185cm trunk, in the RBGE courtyard 
during the winter of 2005/06. Maximum temperatures: red; minimum temperatures: blue. Apical cleft: solid 
lines; air temperature: dashed lines.



1 4 8 	 a n d rew    enso    l l ,  l ou  i se   g a l l oway  &  a l a st a i r  wa r d l aw

the apex minima tended to be less cold that the air minima, and the apex maxima were 
below those of the air maxima.

Cyathea smithii : 65cm trunk, straw-insulated
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Culcita macrocarpa (leaf-litter insulation on prostrate rhizome)
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Fig. 2  Weekly temperatures of Cyathea smithii (Plate 2) with 65cm trunk, insulated with straw, and 
Culcita macrocarpa (Plate 3), with prostrate rhizome insulated with leaf litter. Maximum temperatures: red; 
minimum temperatures, blue: Apical regions: solid lines; air temperature: dashed lines.
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	 The other seven tree ferns, whose detailed temperature profiles are not presented, 
gave diagrams of the same general type as those illustrated in Figs. 1 and 2. Table 1 
summarises the minimum apex temperatures, which in all ten plants were below 0°C, 
the lowest being –2.9 and –3.4°C. The table also gives the dates when the apex minima 
were recorded, and the effect of the freezing air temperatures on the fronds. Withering 
of fronds occurred with C. dregei, C. smithii and T. elegans, but not to any appreciable 
extent with D. antarctica or C. macrocarpa.
	 The insulating effect of the tree fern apices was explored by further analysis (Table 
2). Each of the 23 values of average (N = 9) minimum weekly air temperatures in 
the courtyard was subtracted from the corresponding 23 weekly readings of the apex 
minimum for each tree fern. These temperature differences are summarised as the mean 
and SEM in the third column of Table 2, and show the extent to which the ferns are 
insulated against the cold with a range from 0.85°C to 3.56 °C, and a mean of 1.54°C.
The difference in temperature between the air and the apices showed that the insulating 
effect was nearly double that of the air temperature. This is shown by the air apex differ-
ences in the temperature maxima (4th column of Table 2) than with the temperature 
minima. The range with the maxima was from 1.93 °C to 6.17°C, with a mean of 4.1°C. 
Thus although from a horticultural standpoint the insulating effect for lowering the 
temperature is of most interest, it may also be useful to make the calculations with the 
temperature maxima, since the revealed insulating effect may be numerically larger.

Tree-fern species  
(trunk height: cm)

Installed  
insulation

Apex area  
minimum (oC)

Date  
2005/06

Effect of freezing  
temperatures  

on fronds

Dicksonia antarctica (105) none –0.8 8 Mar minimal

Dicksonia antarctica (140) none –0.6 1 Feb minimal

Dicksonia antarctica (185) none –1.0 1 Feb minimal

Culcita macrocarpa leaf littera, b –1.7 1 Feb none noted

Thyrsopteris elegans straw+polystyreneb –2.9 1 Feb withered

Cyathea dealbata straw c –1.4 1 Feb withered

Cyathea dregei (25) straw –1.0 15 Mar witheredd

Cyathea dregei (55) strawa –3.4 1 Feb withered

Cyathea smithii (45) straw –0.9 1 Mar withered

Cyathea smithii (65) strawc –0.3 8 Mar withered

aAs illustrated in Plate3.
bCovering the prostrate rhizome.
cAs illustrated in Plate 2.
dThe fronds were cut off after withering and before the main wrapping of the crown for the winter.

Table 1. Tree ferns during the winter of 2005/06: Method of insulation, apical minimum 
temperatures and date, and the effect of freezing temperatures on the fronds. Except for 
Cyathea dregei (25) in the main garden, all were planted in the courtyard.



1 5 0 	 a n d rew    enso    l l ,  l ou  i se   g a l l oway  &  a l a st a i r  wa r d l aw

Air temperatures. The coldest period in the winter of 2005/06 was during the week 
ending 1 February, when the air in the courtyard dipped to nearly –5°C. In that week 
the 9 thermometers in the courtyard registered minimum air temperatures (oC) of: -3.6, 
–4.9, –4.7, –5.1, –5.0, –4.4, –4.8, –5.1, –4.4, an average of –4.7°C. The corresponding 
minimum ‘screen’ temperature in the main garden was –6.9°C and the minimum ‘grass’ 
temperature was –13.0°C. The second and third coldest weeks ended on 4th January and 
8th March, when the average minimum air temperatures in the courtyard were –2.1 and 
–2.4°C respectively. The corresponding ‘screen’ and ‘grass’ temperatures were respec-
tively –4.2, –4.9 °C and –9.0, –13.0 °C.
	 Fig. 3 compares the weekly minimum and maximum temperatures for the air in 
the courtyard with the corresponding ‘screen’ temperatures at the weather station. The 
dashed blue line for the air temperature in the courtyard is clearly above the solid blue 
line for the garden ‘screen’, the average difference (± SEM) being 2.9 ± 0.3°C. The 
minimum ‘grass’ temperatures are also plotted in Fig. 3. Note how the green line of the 
‘grass’ minima runs appreciably lower than either of the blue lines for the air tempera-
tures. The average difference between weekly courtyard air and ‘grass’ minima (±SEM) 
was 8.4 ± 0.5°C.
	 However, while on cold nights the courtyard stayed warmer than the main garden, 

Tree-fern species  
(trunk height: cm)

Installed  
insulation

Temperature difference (oC): apex minus air 
(Mean of 23 weekly observations + SEM)

Minima Maxima

Dicksonia antarctica (105) none 1.94 ± 0.18 –2.69 ± 0.31

Dicksonia antarctica (140) none 1.38 ± 0.27 –4.23 ± 0.43

Dicksonia antarctica (185) none 0.85 ± 0.31 –2.68 ± 0.28

Culcita macrocarpa leaf littera, b 2.31 ± 0.34 –0.82 ± 0.35

Thyrsopteris elegans straw+polystyreneb 0.88 ± 0.44 –6.17 ± 1.44

Cyathea dealbata (20) straw c 1.46 ± 0.34 –2.90 ± 0.47

Cyathea dregei (25) straw 3.56 ± 0.35 –3.89 ± 0.44

Cyathea dregei (55) strawa 0.38 ± 0.20 –4.10 ± 1.14

Cyathea smithii (45) straw 0.92 ± 0.31 –2.94 ± 0.44

Cyathea smithii (65) strawc 1.73 ± 0.26 –1.93 ± 0.37

Mean: 1.54 + 0.29 –4.10 + 1.04
aAs illustrated in Plate 3.
bCovering the prostrate rhizome.
cAs illustrated in Plate 2.

Table 2. Effects of insulation at tree fern apices, as measured by the differences between 
their weekly min/max temperatures with those of the ambient air. All tree ferns were 
planted in the courtyard, except for Cyathea dregei (25) which was in the main Garden, 
and whose temperatures were compared with those in the weather station ‘screen’.
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it did not seem to reach higher maximum temperatures (Fig. 3). An exception was in 
the April data where the courtyard and ‘screen’ readings diverged, as plotted at the 
right side of Fig. 3. This is likely to be a spurious effect of sunlight falling directly on 
the thermometer cases which contain the air temperature sensors. Such heating of the 
thermometer case was also noted with the thermometer attached to the C. dregei in the 
main garden. During April 2006, the weekly maxima diverged markedly upwards from 
those of the ‘screen’, illustrating the difference between ‘sun’ and ‘shade’ measurements 
of air temperature.
	A nother measure of the relatively mild environment of the courtyard was the 
number of weeks out of 23, between 23 November, 2005 and 26 April, 2006, when the 
weekly minimum fell below freezing point. There were 9 such weeks in the courtyard, 
compared with 17 at the ‘screen’. The ‘grass’ temperatures had a minimum below 0°C 
in every one of the 23 weeks monitored.

Relative severity of the 2005/06 winter. The 2005/06 winter was compared for severity 
with earlier years, taking the monthly minimum ‘screen’ temperatures from RBGE 
weather station records back to 1984/85. Fig. 4 presents these 22 years of monthly 
‘screen’ minima, highlighting 2005/06 with red squares, while using blue squares for 
the 2003/04 winter studied previously by Wardlaw et al. (2005). Although November, 
December and February of 2005/06 were average to mild for the last two decades, 
January, March and April were more severe than average. Based on mean monthly 
‘screen’ minima for November through to April, the 2005/06 winter was overall the sixth 
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Fig. 3  Comparison of weekly maximum and minimum temperatures in the courtyard and at the weather 
station during the winter of 2005/06. Red: maxima; blue: minima; green: ‘grass’ minimum; solid lines: 
weather station ‘screen’; dashed lines: courtyard.
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coldest within the 22 year period, while the 2003/04 winter was eleventh coldest and, as 
such, close to the average.

DI SC USSION

Our observations agree broadly with the information in the European Garden Flora 
(Walters et al., 1986) where a hardiness rating of ‘H5-G1’ is given to Dicksonia 
antarctica, Cyathea dealbata and Culcita macrocarpa. H5 is defined as ‘hardy in 
favourable areas; withstands 0 to –5°C.’ The definition of G1 is ‘needs a cool glasshouse 
even in south Europe.’ There is no mention of Cyathea dregei or Cyathea smithii in this 
monograph, which perhaps reflects the recent availability of these species in British and 
European horticulture. Large & Braggins (2004) state that C. dregei ‘may resist slight 
frosts’, while C. smithii ‘do best in cooler areas and will withstand frost provided they 
are given well drained humus with plentiful moisture and shelter from wind’. Our obser-
vations add quantitative information by recording actual temperature minima within 
apical clefts, and in the surrounding air, during freezing conditions. It is possible that 
Thyrsopteris elegans may be hardier than stated in the European Garden Flora, which 
categorises it as ‘G2’, ‘needs a heated glasshouse even in south Europe.’ Our T. elegans 
stayed green through air temperatures down to about –1°C but had its fronds withered 
by the –4.7°C air minimum in late January. On the other hand, its apical area apparently 
withstood exposure down to –2.9°C. Nevertheless the plant survived, as did several 
other plants of this species nearby in the same bed. Indeed one of these T. elegans in an 
alcove of the building, but still open to the sky, had fronds that stayed green throughout 
the winter of 2005/06.
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Fig. 4  Monthly minimum ‘screen’ temperatures at the RBGE weather station. Solid red squares: winter of 
2005/06 (current study); solid blue squares; winter of 2003/04 (previous study of Wardlaw et al., 2005); open 
black circles: all other winters between 1984/85 and 2005/06.
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	 Our decision not to wrap the three D. antarctica was based on the experience of 
previous winters, which suggested that it was not necessary, since the fronds mainly 
stayed green in the winters back to 1999 and the plants produced new growth each 
spring. The Royal Horticultural Society (1989) placed D. antarctica in the ‘half-hardy’ 
category, defined as ‘can withstand temperatures down to 0°C’. This, in our experience, 
understates the hardiness slightly, since the fronds withstood down to nearly -5°C in the 
courtyard, with minimal damage, while the apical areas went down to –1°C. We noted, 
however, that the fronds which emerge in late summer of D. antarctica were partially 
withered by the lowest winter temperatures. Whether temperatures below –1°C in the 
apex might have been lethal is a matter of speculation, as we have no direct temperature 
measurements on plants in environments colder than the RBGE courtyard. D. antarctica 
has survived colder winter temperatures regularly at Logan Botanic Gardens where an 
extreme minimum of –11.5°C (‘screen’) has been recorded. Winters at Logan normally 
cause some withering of the fronds of this species and may also kill some of the 
specimens with short trunks. Further published information on the hardiness of this and 
other tree fern species was given in our previous paper (Wardlaw et al., 2005).
	 The courtyard in the present study evidently provided a relatively mild microenvi-
ronment. Thus during the coldest week of the winter, in late January 2006, the courtyard 
minimum was –4.7°C, which was over 2°C warmer than the air temperature of –6.9°C 
recorded as the ‘screen’ minimum in the main garden. Exposure to this –4.7°C air 
temperature in the courtyard withered the fronds of the three Cyathea species and T. 
elegans. However it had little detrimental effect on the fronds of Culcita macrocarpa 
or of D. antarctica, except on the second flush of late summer fronds of the latter. All 
ten tree ferns put out plentiful new growth the following spring, showing that they had 
survived. It may be noted that the winter minimum of –4.7°C in the courtyard during 
2005/06 was somewhat colder than the –3.2°C minimum recorded in the winter of 
2003/04 in which the temperatures experienced were closer to average levels.
	 There are several directions in which these trials could be extended. For example, it 
would be useful to monitor apex and air temperatures of tree ferns routinely for several 
years, in the hope of recording more extreme temperatures and different effects from 
those that we have observed so far. The list of species could also be enlarged, as could 
the trialling of plants of different sizes, different periods of establishment and different 
methods of winter wrapping, including none. It would also be interesting to determine 
how low the apex temperatures go in the natural habitats of these mainly Southern 
Hemisphere exotics. Another factor, probably relevant to winter hardiness, may be the 
summer maximum temperatures, with their potential maturing effect on plant tissues. As 
regards winter protection, several authors (e.g. Rickard, 2000) stress the need to protect 
the crown from ‘excessive winter wet’. This too could be studied experimentally by 
protecting or deliberately watering the crown during winter.
	 Francko (2003) in his recent book Palms Won’t Grow Here and Other Myths provides 
extensive data and advice on winter protection of palms, and other potentially tender 
‘architectural’ plants, in the northern United States where they would not normally be 



1 5 4 	 a n d rew    enso    l l ,  l ou  i se   g a l l oway  &  a l a st a i r  wa r d l aw

grown out of doors. Some of this advice may well be applicable to tree ferns planted 
outside in the UK. For example his ‘three-year establishment rule’, and his advocacy of 
particular mulches, screens, fertilizers, anti-desiccation leaf sprays, and fungicides in 
the crown.
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