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Abstract

Gallo J., Baláš M., Linda R., Kuneš I. (2017): Growth performance and resistance to ground late frosts of Fagus 
sylvatica L. plantation treated with a brassinosteroid compound. J. For. Sci., 63: 117–125.

We measured the initial growth performance of a young plantation of European beech treated with a brassinosteroid 
compound prior to planting and compared it with a control treatment: we assessed heights, root collar diameters and 
mortality rate during the period 2012–2015. The trees showed posterior damage by ground frost after a substantial 
late frost event on the night of 4–5 May 2014. Therefore, we evaluated the post-stress vitality of trees, subsequent 
height increment from spring to August, and the height range of the damage. 
Mean height, root collar diameter, and mortality rate did not show any significantly better performance in the brassi-
nosteroid treatment over the control treatment. Neither did the application treatment have a significant positive ef-
fect on the resistance of beech to late frosts. The severe frost damage was most intense at 30 cm above ground, and 
rapidly declined with increased height.
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European beech (Fagus sylvatica Linnaeus) is  
a widely distributed forest tree species. With around 
8% of the reduced forest area in the Czech Repub-
lic (Ministry of Agriculture of the Czech Republic 
2015), it is the most common of all broadleaved for-
est tree species; it is also commercially important. 
Beech is nowadays used as an ameliorative species in 
coniferous forest stands and also for reforestation of 
abandoned agricultural lands (Podrázský, Remeš 
2007, 2008; Holubík et al. 2014). Therefore, artifi-
cial plantations of beech are very common. Beech 
serves as a stand stabilizing species, and an addi-
tion of 10–20% in a mix is enough to significantly 
improve the stability of forest stands (Schütz et 
al. 2006). As a result, the forest area of beech in the 

Czech Republic has been steadily increasing in the 
last 10–20 years (Podrázský et al. 2014).

Brassinolides are plant hormones that were first 
isolated from Brassica napus Linnaeus pollen by 
Grove et al. (1979). There are many types of artifi-
cially synthesized analogues to the natural brassino-
lide which are called brassinosteroids – BRs (Back, 
Pharis 2003). Brassinolides are considered as pro-
spective stimulants of performance and growth of 
plants (Bajguz 2011). They naturally occur in vari-
ous parts of plants (Krishna 2003; Bajguz, Hayat 
2009), and they are present in young tissues in high-
er concentrations (Rao et al. 2002). BRs also influ-
ence a range of physiological and morphological 
reactions in plants (e.g. Sasse 2003). Some experi-
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ments have shown that the application of BRs had 
positive effects on germination, growth, vitality and 
stress resistance of agricultural and woody plants, 
e.g. increased number of fruits in commercial yel-
low passion fruit (Passiflora edulis Sims f. flavicar-
pa) O. Degener (Gomes et al. 2006), enhancement 
of sorghum (Sorghum vulgare Persoon) seedling 
growth under osmotic stress (Vardhini, Rao 2003), 
cell elongation of rice (Oryza sativa Linnaeus) seed-
lings under low temperatures (Fujii, Saka 2001), 
seed germination and seedling growth enhance-
ment of maize (Zea mays Linnaeus) (He et al. 1991; 
Singh et al. 2012) and cucumber (Cucumis sativus 
Linnaeus) (Khripach et al. 1999) under chilling 
stress, increased freezing tolerance of Bromus iner-
mis Leysser (Wilen et al. 1995), and increased sugar 
beet (Beta vulgaris Linnaeus) yield (Hradecká et 
al. 2009). BRs were also reported to improve the seed 
germination of forest trees (Li et al. 2005) and pro-
mote the initiation of embryogenic tissue formation 
of coniferous trees (Pullman et al. 2003). Further, 
Khripach et al. (1999) suggested that the general 
ability of BRs to increase the resistance of plants to 
unfavourable environmental factors such as extreme 
temperatures, drought, salinity, or pesticides could 
be crucial for practical application.

In the conditions of Central Europe, late frosts are 
an abiotic factor causing substantial losses in forest 
plantations. The adverse effects of sub-zero tem-
peratures are accentuated in late spring, when the 
young buds and leaves have not fully matured yet. 
The frost damage susceptibility differs among the 
tree species. For instance, the threshold when flush-
ing spruce and pine buds are injured is around –3 
and –6°C, respectively (Christersson, von Fircks 
1988). European beech is generally known as a frost-
sensitive species, although dormant winter buds are 
well-resistant to the Central European climate ex-
tremes, and even the mature foliage is considered 
to show fairly high freezing tolerance (Kreyling et 
al. 2012). There is only a short time period, directly 
after leaf flushing, when beech becomes highly sen-
sitive to frost (Kreyling et al. 2012; Menzel et al. 
2015; Lenz et al. 2016). Dittmar et al. (2006) speci-
fied the temperature threshold value of –3°C for late 
frost damage at the beginning of the vegetation peri-
od which can negatively affect the radial increment. 
It is apparent that any visible leaf damage which is 
able to regenerate and has no effect on the increment 
can appear also after minor frost. Furthermore, it is 
not only the absolute minimum temperature value, 
but also the duration of the frost event (temperature 
sum), which is important in determining the sever-
ity of frost injury (Langvall et al. 2001).

Extraordinary temperature extremes are primari-
ly reached during clear (cloudless) nights and days 
(e.g. Oke 1970; Gallo et al. 2011; Leslie et al. 
2014). The spatial distribution of low temperatures 
corresponds well with local terrain forms, and frost 
events are more frequent in so called frost hollows, 
i.e. shallow valleys and immersed basins (Lind-
kvist, Lindqvist 1997). The zone near the ground 
is particularly treacherous (Špulák, Balcar 2013). 
As a result, height and diameter increments dete-
riorate and mortality rate can increase (Kuneš et al. 
2014). Some tree species are more susceptible to late 
frosts than others – beech is counted as predisposed 
(Strasser 2011) among other common broad-
leaves. The susceptibility increases following the cu-
mulation of several negative factors such as drought 
and heat during the day (Geiger 1950; Steyrer 
2011), and the sensitivity to late frosts varies across 
the species distribution range (Kreyling et al. 2012; 
Novotný et al. 2015).

The aim of this paper is:
(i)	� to assess mortality and growth (height and root 

collar diameter) performance of a European beech 
plantation treated before planting with a brassi-
nosteroid compound: 2-alpha-3-alpha-17-beta- 
trihydroxy-5-alpha-androstan-6-one (BR);

(ii)	� to verify whether BR treatment improved the resi-
stance of beech foliage to a late ground frost event 
in the second year after planting, and to study how 
it influenced vitality and growth performance of 
the trees in the subsequent vegetation period.

MATERIAL AND METHODS

The experimental design was similar to an anal-
ogous experiment with Pinus sylvestris Linnaeus, 
published by Nováková et al. (2014). The BR com-
pound we used was a synthetically prepared analogue 
of naturally originated 24-epibrassinolide (Kohout 
et al. 2002, 2004). In October 2011, one part of the 
nursery seedbed with beech seedlings [two-year-old 
root-pruned planting stock from Provenance Region 
10 – Central Bohemia (Decree No. 83/1996 Coll.), 
Forest Vegetation Zone 3 – Quercus-Fagus (Forest 
Management Institute 2003)] was treated with the 
BR compound. The application was done by mecha-
nized spraying of BR solution on the top of the seed-
bed. The dose corresponded to 4 mg BR·ha–1. Be-
fore application, the BR was dissolved in water with 
dimethyl sulfoxide. The other part of the field with 
beech seedlings was left untreated as a control.

In April 2012, the treated and control seedlings 
were lifted from the nursery and transplanted to 
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the planting site. The experimental plot was situat-
ed at the Truba Research Station close to Kostelec 
nad Černými lesy, Czech Republic (50°0.36'N, 
14°50.25'E, altitude 365 m a.s.l.). The surface was 
flat, the soil of a sandy-loam character, and the area 
was exposed to direct sunlight for most of the day. 
Generally, the stand conditions represented affor-
estation of abandoned agricultural land. The area 
was protected by a fence.

In 2013, an automatic meteorological station 
was installed in the immediate neighbourhood of 
the experimental plantation – LEC 3010 data log-
ger (Libor Daneš, Czech Republic). The overview 
of basic climatic conditions in 2013–2015 is shown 
in Table 1. Precipitation during the whole year was 
measured by a standard non-heated tipping bucket 
rain gauge with the circular surface of 500 cm2, i.e. 
diameter ≈ 25.3 cm. Precipitation in the vegetation 
period was calculated as the sum of daily precipita-
tion in the period of April to September.

The experimental plantation was established at 
spacing of 1 × 1 m and the rows of the control and 
treated seedlings alternated. In total, 655 seed-
lings were planted, including 310 BR-treated and 
345 control trees. Initial measurements of height 
and root collar diameter were performed in spring 
2012 (initial values). Periodic measurements of 
height and root collar as well as records of mortal-
ity rates were taken annually in autumn 2012–2015 
(after the vegetation period). Mortality rates were 
calculated as the percentage of dead seedlings re-
lated to the initial numbers of plants.

The plantation was affected by a late frost event 
during the clear and calm night of 4–5 May 2014, 
which coincided with the bud-break and unfolding 
of leaves. The detailed progress of temperatures is 
shown in Fig. 1.

Measurement to examine the frost damage was 
done one week after the event, after the leaves had 
fully opened and the damage was still obvious de-
spite regeneration processes. For the purpose of the 
damage evaluation, the near-ground zone was di-
vided into height levels of 5 cm intervals. We regis-
tered the level of the lower and upper height limits 
of the damage that was marked by burnt leaves and 
buds. The upper limit bounded the near-ground 
zone negatively affected by frost. The lower limit 
bounded the lowest area damaged, below which 
the tree was mostly protected by grass. The mean 
extent of damage was calculated as the difference 
between the upper and lower limits of the damage. 
The height of grass and herbaceous weed vegeta-
tion during the time of the frost event varied ap-
proximately between 20 and 40 cm. The density of 
weed vegetation was variable.

The seedling height was measured to the near-
est 1 cm and vitality was assessed according to the 
scale published by Kuneš et al. (2011) (Table 2).

Table 1. Climatic data on the experimental plot measured by an automatic station

Year
Average annual temperature measured  

at different levels above ground (°C)
Sum of annual  
precipitation  

(mm)

Precipitation  
in vegetation period 

(mm)200 cm 100 cm 30 cm
2013 8.8 8.9 8.4 747 535
2014 10.4 10.6 10.0 563 379
2015 10.6 10.7 10.2 451 199

Table 2. The scale for seedling vitality assessment in the early years after planting, according to Kuneš et al. (2011)

A Excellent health status – the transplant shock overcome, marked height increment, full foliage, no damage
B Good health status – revived height growth and good prospects of future development
C Partially deteriorated health status – no significant height increment as a result of persisting transplant shock
D Markedly deteriorated health status – defoliation, manifestations of serious transplant shock, uncertain survival prospects
E Dead tree
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Fig. 1. Temperatures at three above-ground levels during 
the frost episode of 4–5 May 2014 on the experimental plot
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Statistical analyses. The analysed characteristics 
included the data related only to trees which had 
survived until autumn 2015. Data relating to the 
trees already dead by autumn 2015 were excluded 
retrospectively. Some seriously damaged live trees 
(especially those injured by a brush cutter during 
weed cutting) were also excluded (10 trees).

The Fisher’s exact test was applied for the com-
parison of mortality rates between treatments with-
in a particular period of measurement. The χ2 test  
was applied to find any differences in the distribu-
tion of trees within vitality classes between the two 
treatments. To test the increment between spring 
and autumn 2014 (after the frost event), the Wil-
coxon signed-rank test was applied. The probability 
of damage in respective height zones was calculat-
ed as a number of damaged/number of undamaged 
trees for each height class individually.

RESULTS

Mortality rate

On all monitored dates, BR treated plants showed 
an insignificantly (P = 0.244) lower mortality rate 
than the control. The high initial mortality in sum-
mer 2012 can be ascribed to a transplant shock, as the 
plantation showed a gradual decrease in total mortal-
ity as the experiment progressed (Fig. 2), i.e. the in-
crease of the cumulative mortality slowed down.

Height, root collar diameter

On all monitored dates, the mean height of the 
BR treatment insignificantly surpassed the control 
treatment in absolute numbers. Both treatments 
showed a stable increment (Fig. 3a). The differenc-

es in the periodical height increment from 2012 to 
2015 were not significant (P = 0.127).

In the increment of mean root collar diameter 
(Fig. 3b), there was a pattern of an advance in the BR 
set, but the differences were insignificant (P = 0.434), 
as in the case of mean height.

Impact of the frost event

The duration of the frost episode was 7 hours at 
30 cm above ground (Table 1). The minimum tem-
perature reached –2.6°C and the sum of sub-zero 
hour temperatures was –12.4°C. At 100 cm above 
ground, the duration was 4 hours, the minimum 
temperature reached –0.4°C and the sum of sub-
zero hour temperatures was –1.2°C. At 200 cm 
above ground, the duration was 4 hours, the mini-
mum temperature –0.3°C, and the sum of sub-zero 
hour temperatures –0.5°C. The following day, the 
maximum temperature reached 17.7, 15.0 and 
14.2°C at 30, 100, and 200 cm above ground, re-
spectively. The pyranometer SG 005 (C.T.M. Praha, 
spol. s.r.o., Czech Republic) showed this was an al-
most clear to partly cloudy day. The values of solar 
irradiance were relatively high, corresponding to 
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Fig. 2. Cumulative mortality rates of European beech seed-
lings recorded in spring 2012 (2012s) and autumn 2012–
2015 in the brassinosteroid treatment (BR) and control
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direct sunlight (maximum 851 W·m–2 at 10:00), but 
fluctuated during the day due to clouds.

The characteristics of the plantation one week af-
ter the frost event are shown in Table 3. The mean 
height was higher in BR treatment, however, the 
absolute upper limit of damage was lower for BR 
treatment. The mean range of damage was 5% lower 
in the BR treatment compared to the control treat-
ment. Trees that showed negative increment (break-
age, dry terminal) were excluded from the calcula-
tion of mean annual increment after the frost event.

The number of damaged trees according to above 
ground level was rising from 5 up to 30 cm above 
ground with the highest number of damaged trees 
(Fig. 4). At higher levels, the number rapidly de-
creased. No trees were damaged at the level above 
70 and 75 cm in the BR and control treatment, re-

spectively. As the damage of individual trees could 
possibly infringe on more than one height level, the 
figure does not represent the probability distribu-
tion in the statistical sense. The subsequent height 
increment from spring did not differ between treat-
ments according to the Wilcoxon test (P = 0.8).

When we consider the vitality of trees (A – best 
vitality, E – dead, details in Table 2), both treat-
ments showed an equal pattern with the most 
abundant average quality ‘B’, followed by ‘C’ and ‘A’ 
(Fig. 5). The χ2 test could not prove any difference 
in the distribution of individuals into categories by 
their vitality status (P = 0.58). 

DISCUSSION

There are relatively few studies of BR application 
related directly to the growth of forest trees. The 
author team’s research of the application of BRs to 

Table 3. Characteristics of the experimental beech plantation after a frost event in the night of 4–5 May 2014

Control BR
Total number of trees 268 253
Number of intact trees 44 44
Number of damaged trees 224 209
Mean height of trees ± SD (cm) 61.3 ± 17.4 66.6 ± 18.9
Mean annual increment after frost event  ± SD (cm) 16.3 ± 11.9 16.7 ± 12.7
Mean range of damage  ± SD (cm) 31.2 ± 14.9 29.7 ± 14.9
Mean height of the lower limit of damage ± SD (cm) 11.6 ± 13.3 11.9 ± 13.0
Mean height of the upper limit of damage ± SD (cm) 42.8 ± 12.0 41.7 ± 12.1
Maximal range of damage (cm) 75 70

SD – standard deviation, BR – brassinosteroid treatment

Fig. 4. Distribution of damage to European beech seedlings 
among height levels and treatments, showing the frost 
damage probability. Each tree was counted according to 
its range of damage at various height levels. The highest 
probability of frost damage was at 30 cm above ground 
level. The graph is not a distribution function sensu stricto, 
as the sum of probabilities of all heights is not equal to 1. 
As an example, trees damaged at 20–40 cm were used for 
calculating damage ratios for 20, 30 and 40 cm. Statistical 
significance was not tested given the very similar values for 
control and brassinosteroid treatments (BR)
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forest trees has so far less convincing results than 
other authors investigating agricultural plants: 
Nováková et al. (2014) reported a substantially 
increased mortality rate of Scots pine seedlings 
planted on abandoned agricultural land after the 
application of a synthetically prepared analogue of 
24-epibrassinolid. BR in that case also slowed the 
height and radial growth. The effect was significant 
in two subsequent measurements, which suggests a 
long-term effect of BR. However, in the second study 
(Nováková et al. 2015), based on data gathered in 
a forest nursery, BR treatment decreased the mor-
tality rate of the same species, but general effects 
on height and radial growth were rather inhibiting 
again. In the same study, the influence of BR treat-
ment on Norway spruce seedlings was slightly ben-
eficial, depending on the chosen concentration, but 
mostly insignificant. The medium concentration 
(4 mg·ha–1) showed the best results. In relation to 
our study, it could be suggested that the application 
could have decreased the planting shock in terms of 
the mortality rate. But for such a conclusion more 
research on various species needs to be done.

We also studied adverse effects of late frosts on 
European beech, as it is the principal broadleaved 
stand-forming tree species on large areas of low, 
middle and high elevations in Central Europe. The 
recorded frost event (4–5 May 2014) was the stron-
gest in terms of stress influence with the most seri-
ous impact on vegetation during the whole moni-
tored period (2013–2015). Other frost events were 
either less pronounced or occurred in a period of 
lower vegetation sensitivity. The lowest tempera-
ture (measured at 30 cm above ground) reached 
–2.6°C (duration 2 h, Fig. 1). This event caused the 
foliage injury of most trees within the plantation. 
Subsequently, the damaged trees regenerated and 
the annual height and diameter increment did not 
differ in comparison with previous seasons.

During the field reconnaissance we noticed a 
slightly reduced amount of frost injuries in the BR 
treatment. When only the range of damage (lower 
and upper limits) was assessed, the influence of 
BR treatment on frost sensitivity was negligible. 
The process leading to increased freezing toler-
ance involves plasma membrane lipids showing 
lower phase transition temperature and higher un-
saturation degree when treated with a brassinolide, 
leading to higher fluidity under low temperature, 
as found in mango fruit. Therefore “proteins and 
lipids are involved in brassinolide-mediated re-
sponses to cold stress” (Li et al. 2012). Many oth-
er physiological changes were also described, for 
example increases in leaf water content, relative 

water content and water potential (Li et al. 2008). 
Resulting from this, a series of processes includ-
ing the decrease of intracellular CO2 was described 
increasing the effectivity of photosynthesis under 
heat stress (Thussagunpanit et al. 2015).

The frost damage to the lowest parts of trees (i.e. 
below 20 cm above) was rather reduced, because the 
shelter provided by grass and herbaceous weeds pro-
tected them: where the beech leaves were sheltered 
in dense grass, the damage was negligible. A similar 
shelter effect of the vegetation such as grass (less ef-
ficient) was described by Petritan et al. (2011) in 
Rubus Linnaeus shrubs and woody shrubs (more 
efficient). In our study, the upper limit of frost dam-
age was at about 60 cm above ground, which cor-
responded with the recorded temperature progress. 
At the monitored heights of 100 and 200 cm above 
ground, the minimum temperatures reached only 
–0.4 and –0.3°C, respectively. Thus we can generally 
deduce the temperature threshold of about –1.5 to  
–2°C, which is able to cause visible but not severe 
damage to young (flushing) European beech foliage. 
The upper above-ground limit of frost damage nat-
urally differs with the intensity of the frost event. In 
this respect, the zone from 0 to 100 cm above ground 
is determined by various studies, e.g. Geiger (1950) 
and Špulák and Balcar (2013), as the zone of the air 
layer where the daily temperature amplitude (cold at 
night but hot in the day-time) is most extended.

The high variability of sensitivity to frost damage 
in this species, which is not related to climatic con-
ditions of provenances or species phylogeography, 
needs to be considered (Hofmann et al. 2015). 
The hydraulic frost resistance of European beech 
is characterized by increased embolism in winter, 
followed by a decrease before bud flushing, in con-
trast to, for instance P. sylvestris, which is charac-
terized by complete resistance (Charrier et al. 
2013). Gömöry and Paule (2011) pointed out the 
presence of the compromise between two contra-
dictory strategies in terms of the date of bud flush-
ing, which are the effective use of vegetation period 
and protection against late frost.

In our case, the late frost event hit the planta-
tion during bud flushing, when the trees are most  
vulnerable to frost damage (Dittmar et al. 2006); 
the course of bud flushing was described for ex-
ample by Robson et al. (2013) and Dittmar and  
Elling (2006). The date of bud flushing in Euro-
pean beech (late successional species) is strictly de-
termined by the photoperiod besides the tempera-
ture (Lechowicz 1984; Basler, Körner 2012; 
Lenz et al. 2016), namely it is driven by chilling 
and forcing temperatures with an interaction effect 
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of the photoperiod on the forcing rate (photope-
riod co-control of leaf-out). It is more pronounced 
when the chilling requirement is partially satisfied, 
rather than when buds are fully chilled (Vitasse, 
Basler 2013). This dual regulating system mini-
mises the risk of encountering a frost event dur-
ing bud flushing (Caffarra, Donnelly 2011). 
When defoliation caused by late frost occurs, Eu-
ropean beech can recover by the second flushing, 
but the quality (content of nutrients, sucralose) is 
decreased, and that can have a negative impact on 
growth (Gömöry, Paule 2011).

CONCLUSIONS

This study, monitoring the growth performance of 
European beech plantation, did not find any signifi-
cant effects of the exogenous application of BR in the 
forest nursery on the topsoil in autumn on the initial 
growth of young beech trees during the whole moni-
tored period after planting on a sandy, sun-exposed 
site. No obvious differences were revealed in terms 
of seedling height and root collar increments. The 
late frost event two years after planting (in spring 
2014) proved to be most severe at 30 cm above 
ground. The response of trees to the event in terms 
of vitality was similar in both treatments.
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