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Resumo - We aimed to quantify frost tolerance and damage on Eucalyptus pilularis 
provenances and progenies in Curitibanos, Santa Catarina State, Brazil. Mortality and 
severity of damage were assessed before frost at 7 months old and at 14 and 19 months 
old after frost events. Frost resulted in plant mortalityof 55.7% , with no difference 
among progenies and provenances. The tolerance of 5.3% may have occurred due to 
specific local conditions (escape). We concluded that the species does not have tolerance 
to frost in subtropical environment, with daily thermal range from - 5 °C to 28 °C.

Mortalidade de progênies e procedências de Eucalyptus pilularis 
após geadas

Abstract - O objetivo desse trabalho foi quantificar a tolerância e os danos causados por 
geadas em teste de procedências e progênies de Eucalyptus pilularis em Curitibanos, 
SC. A mortalidade e a severidade dos danos foram avaliadas antes das geadas (7 meses 
de idade) e após (14 e 19 meses de idade). As geadas causaram mortalidade de 55,7% 
das plantas, sem diferença entre procedências e progênies. A tolerância de 5,3% pode 
ter ocorrido apenas por condições locais específicas (escape). Conclui-se que a espécie 
não apresenta tolerância à geada em ambiente subtropical, com amplitudes térmicas 
diárias de - 5 °C a 28 °C.
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Scientific Notes

Frosts, considered harmful in the forest sector, 
occur when the average temperature is equal to or 
lower than 0 °C and cause damage to plant tissues, 
which may or may not form ice on leaf surfaces (De 
Melo-Abreu & Ribeiro, 2010). The severity level 
of the damage is influenced by the magnitude of the 
minimum temperature; the duration of this temperature; 
the thermal amplitude; the physiological stage of the 
plant; and the microenvironment where plants are found 
(Sakai & Larcher, 1987). In Brazil, frosts occur mainly 
in the South, and the phenomenon happens with high 

frequency in Santa Catarina State (Wrege et al., 2018). 
In the Midwest region of the state, frost occurs between 
May and September (Alvares et al., 2018), with 20 to 
37 frost days per year, with intensity ranging from weak 
to medium, which equals grass temperature ranging 
from 0 °C to -6 °C.

Given the importance of the phenomenon in Santa 
Catarina, studies describing the effects and tolerance 
level of forest species to frost are essential, given the 
great damage caused by frost in this region (Higa et al., 
1995, 2000). The information backed up by such studies 
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can be used by forest producers and breeders to select 
the most suitable genotypes for regions with frost stress, 
as some locations in southern Brazil where the two most 
used eucalypt species cannot withstand frost (Assis et 
al., 2015; Silva et al., 2018, 2019;).

Such studies are required in Eucalyptus pilularis, 
because this specie has shown productive potential in 
some Brazilian regions (Pásztor, 1974; Souza et al., 
1993) and its wood has potential for use in sawmills 
(Henson & Smith, 2007), but there is a lack of studies on 
its adaptation to locations where frost occurs. However, 
there are reports in Australian regions that E. pilularis 
has low frost tolerance.

The reports cited by Henson & Smith (2007) and 
Nichols et al. (2010) mentioned that E. pilularis planting 
in Australia is carried out in regions that show low frost 
frequency and that low relief areas should be avoided 
because of the probability of frost damage. However, 
this species is one of the subgenus Eucalyptus that 
occur in regions with frost. E. pilularis is native from 
regions coastal regions of Queensland and New South 
Wales states in Australia  (24o S to 37o S) with low to 
moderate frost incidence (Boland at al., 2006). We aimed 
to quantify the tolerance and damage caused by frost in 
progeny and provenance trial of E. pilularis under large 
daily thermal amplitude.

We harvested seeds of open-pollinated progenies in 
base populations for breeding. These populations are 
from the States of São Paulo and Minas Gerais (Table 1). 

We produced the seedlings in Piracicaba, SP, located 
at Cwa climate, ie, subtropical with dry winters and 
hot and humid summers (Alvares et al., 2014). For the 
seedling production we used 55 cm³ tubes filled with 
organic substrate (pine bark, coconut fiber, rice husk and 
vermiculite). We performed fertigation twice a week with 
12 mm of water supply. We set the fertigation solution up 
by: 450 g calcium nitrate; 300 g of ammonium nitrate; 
250 g mono ammonium phosphate (MAP); 300 g of 
potassium nitrate; 250 g of magnesium sulfate; 250 g 
ammonium sulfate 2.5 g strained iron; 0.85 g manganese 
sulfate; 0.75 g of boric acid; 0.32 g zinc sulfate; 0.1 of 
copper sulfate and 0.005 g of sodium molybdate. All of 
these salts were diluted in 1,000 L of water.

After 90 days, we sent these seedlings to Curitibanos, 
SC, where the climate is Cfb, humid subtropical with 
mild summers and year-round rainfall (Alvares et al., 
2014). In Curitibanos, the plow harrow attached to the 
tractor prepared the soil at 40 cm depth. We carried out 
the pre-planting ant control in full area by spreading 
formicide bait the basis of the active ingredient fipronil. 
Subsequently, we planted the seedlings using randomized 
block design: eight provenances; 104 progenies, three 
replicates, linear plots of five plants; spacing 3 x 1.5 m. 
The planting procedure was carried out in October 2017. 
During this procedure, we irrigated each seedling using 
2 L of water. We applied N-P-K 10-40-10 compost for 
basic fertilization according to soil analysis and it was 
applied formicide bait during the first year.

Table 1. Information about the sites of base populations of Eucalyptus pilularis mother trees.

Provenance Site Institution Type of 
population

Plantation 
year Origin Number of 

Progenies 

7B 082 Anhembi, SP USP SPA 1982 Multi-provenances 9

7C 103 Anhembi, SP USP SPA 1985 Multi-provenances 5

7D 145 Anhembi, SP USP SO 1989 Fraser Island, QLD 12

176 Itamarandiba, MG Aperam SPA 1984 Beerburrum, QLD 15

498 Itamarandiba, MG Aperam SPA 1985
Conglomerate, Woolgoolga, NSW

15
Gallangowan, QLD Whian Whian, NSW

167 Itamarandiba, MG Aperam SPA 1984 Bonga 23

G5AK Biritiba Mirim, SP Suzano Comercial 1976 Kiwarrak, NSW 12

G5AC Biritiba Mirim, SP Suzano Comercial 1976 Coopernook, NSW 13
SPA = seed production area; SO = seed orchard. More information in Silva et al. (2015) 
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In the period prior to the occurrence of frost in April 
2018, we evaluated the percentage of plant mortality 
and plant height. In addition, we installed an automated 
HOBO (Onset Computer Corporation, Bourne, MA, 
USA) average temperature data logger at the shelter 
location, 1.5 m above ground level, which recorded 
hourly temperature (in °C). Thus, the average daily 
temperatures between April and November 2018 was 
calculated. At the end of data collection, we replaced 
average temperatures below 0 °C with 2 °C. We 
performed this correction because in frost nights there 
is a difference between shelter and grass temperature 
(Geiger et al., 1995). The correction value was based on 
Silva & Sentelhas (2001) who reported that in Campos 
Novos, near Curitibanos, there is a probability of 66.3% 
of this difference being between 0.1 and 4.0 °C. 

In December 2018, at 14 months after planting, we 
performed mortality and severity damage assessments. 
To assess the severity of damage, we grouped the plants 
into different classes according to the percentage of the 
aerial part affected by the damage: aerial part without 
damage; up to 25% of damaged aerial part; up to 50% 
with damage; up to 75% with damage. In addition, 

we attributed the plants that already had sprouts to a 
different class, regardless of the percentage of shoot 
damage. Finally, we performed an evaluation of plant 
height growth after the frost period in May 2019 at 19 
months age.

To verify whether there was a difference between 
provenances and progenies in the mortality variable, 
we used the deviance analysis and the likelihood ratio 
test (LRT) using the Selegen software (Resende, 2002) 
with the December 2018 mortality data. Thus, we used 
the model 112, which is comprised of the vectors of 
the effects:  repetition, progeny, origin, plot, and error. 
We considered the first effect as fixed and the others 
as random.

Minimum temperatures below 0 °C occurred between 
May and September (Figure 1). The temperature data 
logger recorded the first temperature of the shelter 
below 0 °C (-1.4 ° C) on May 21 and the last (- 0.5 °C) 
on September 5. The lowest temperature in that period 
was - 6.8 °C. Minimum temperature days below 0 °C 
lasted for 2 to 5 consecutive days. In those days, the daily 
temperature amplitude ranged from 17.0 °C to 32.9 °C 
and the average was 24.0 °C.

Figure 1. Maximum and minimum temperature during the study in Curitibanos, Santa Catarina State, Brazil.
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The period of frost occurrence, minimum temperatures 
and frost intensities in Curitibanos is in agreement with 
Wrege et al. (2018) and Alvares et al. (2018). Thus, we 
evaluated E. pilularis under periodic frost’s that normally 
occur in the region. 

The result demonstrated the low tolerance of E. 
pilularis to frost. One year after the first evaluation (May 
2019) showed a 55.7% increase in mortality rate (Table 
1). The 14.8% of surviving plants presented a growth of 
112.4 cm in height that occurred between the previous 
and subsequent season (after 12 months) to frost after 
summer 2018. When studying E. globulus Percentage 
in the Australian region where minimum temperatures 
of -4.9 °C occur after frost at 9 months of age, Thomson 
et al. (2001) observed 33.6% of mortality. Higa et al. 
(2000) reported that frost caused only 2.8% increase in 
mortality in E. dunnii in Campo Tenente, PR; however, 
this species is reported to be a tolerant to frost.

The number of tolerant plants was low (Table 2), even 
though these plants had a size that could provide greater 
tolerance to frost than seedlings recently implanted. 
During the beginning of the frost period, which occurred 
on May 2018, average height of plants was 94.5 cm 

at 7 months of age. It is important to highlight that 
larger plants have higher tolerance to frost and when 
the temperature gradually decrease until the first frost, 
this condition may provide more time to occur tree 
acclimation (Sakai & Larcher, 1987).

The thermal amplitude presented a high average value 
(24 °C) in the days of frost. In these days, the thermal 
amplitude were higher comparing to the winter days 
in which no frosts occurred. It should be noted that 
studies on the effects of frost have given little attention 
to daily thermal amplitude. However, the range is an 
important aspect that needs to be observed, as high daily 
fluctuations can contribute to the frost damage.

Henson & Smith (2007) and Nichols et al. (2010) 
reported that E. pilularis can be planted in the Australian 
region of Morrows, where infrequent frosts occur. They 
also stressed that it is convenient to avoid lower slope 
positions where more severe frosts can occur causing 
plant mortality, therefore, the species can be planted 
where frosts with large daily thermal amplitudes do not 
occur. Nevertheless we do not recommend its cultivation 
where frost is a strong cold stress.

Table 2. Percentage of trees in blocks and the entire population by class of damage caused by 2018 frost on Eucalyptus pilularis 
in Curitibanos, Santa Catarina State, Brazil.

Blocks Without damage up to 25% up to 50% up to 75% Sprouts (%) Mortality (%)

1 1.5 3.9 4.2 2.5 19.4 68.5

2 0.4 0.8 0.6 0.0 4.8 93.3

3 0.4 0.2 1.0 0.2 4.8 93.4

Population 0.8 1.6 2.0 0.9 9.8 85.0

Table 1. Mortality and total height of Eucalyptus pilularis before and after frost in Curitibanos, Santa Catarina State, Brazil.

Evaluation Date Age (months) Mortality (%) Total height 
(cm)

Before first period of frost May/18 7 30.5 94.9

After first period  of frost Dec/18 14 85.0 --

After second period of frost May/19 19 86.2 207.3
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Considering the surviving plants, 9.8% showed faster 
recovery capacity (Table 3), showing sprouting at 3 
months after the last frost event. The other surviving 
plants presented shoots at the last height evaluation 
(May 2019). Even so, E. pilularis can be considered 
of low recovery after frost, because few individuals 
could survive. Recovery capacity may be an evaluation 
criterion considered in the species breeding program 
(Higa et al., 2000) in the future use for cellulose and 
bioenergy. However, the same authors noted that for use 
in a sawmill, for lumber or saw wood, the effects of frost, 
even after recovery of the aerial part, cause tortuosity and 
bifurcation of the tree trunk leaving it with low-quality 
wood for this purpose.

Table 3. Deviance analysis and likelihood ratio test (LRT) for 
the effect of plot, progeny and provenance on plant mortality at 
14 months of age, in Curitibanos, Santa Catarina State, Brazil.

Factor Deviance LRT (qui-square)

Plots -1797.82 57.05 *

Progeny -1856.44 0.43 ns

Provenance -1854.87 2.00 ns

Model -1856.87

* and ns: significant and non-significant, respectively, at the 1% level of 
significance according to the tabulated chi-square of 6.63.

Block 1 had lower mortality than the others (Table 
2), thus there was a block effect. This difference was 
due to the effect of topographic variation since block 
1 was located in the upper position of the slope; in 
the lower position, plants can be most damaged due 
to the concentration of cold air mass and the most 
drastic temperature reduction (Sakai & Larcher, 1987). 
Through the LRT analysis for the mortality variable, we 
verified that there was a difference between plots and, 
consequently, there was heterogeneity within the same 
block (Table 3). Additionally to this observation, there 
was no difference between provenances and progenies, 
so there is no genotypic effect on plant survival capacity.

Conclusions

Eucalyptus pilularis is not suitable for planting in 
regions with frost with wide daily thermal range events, 

such as in Curitibanos, in Santa Catarina State, Brazil. 
The used seeds came from orchards and seeds production 
areas from São Paulo and Minas Gerais States, where 
climatic conditions is most suitable to the development 
of this species.
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