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Abstract
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Results of a phenological study of the European larch (Larix decidua Mill.) growing in a mixed stand.  Acta 
Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 5, pp. 1239–1246

This paper presents an evaluation of the onset and duration of phenological stages of the European 
larch (Larix decidua Mill.) growing in a mixed stand in Drahanská vrchovina highlands. It covers the 
period of 2007–2010 and refers to results obtained in the preceding study period of 1991–2006. In 
individual years of this study, beginnings and durations of individual phenological stages diff ered 
in dependence on climatic conditions. Temperature requirements of European larch regarding the 
onset of individual phenological stages were evaluated on the base of sums of air temperatures above 
0° C and of eff ective air temperatures higher than +5° C. Obtained results indicate that the onset and 
duration of spring phenological stages are dependent on air and soil temperatures already in the early 
spring. As far as the European larch is concerned, the breaking of buds is dependent on temperatures 
of air and soil; the corresponding correlation coeffi  cients were R2 = 0. 8684 (y = −3.788x + 97.165) 
and R2 = 0.7627 (y = −6.667x + 101.88), respectively. The obtained results indicate that recently the 
onset of spring phenological stages occurred earlier and earlier in the study area of Drahanská 
vrchovina highlands and that their course was also shorter and shorter. In spring months, higher 
temperatures infl uence the phenological stage of fl ushing at most while in the autumn individual 
phenological stages occur later and later so that the growing season is longer and longer. This fi nding 
was corroborated by results of long-term studies.

phenological stages, mixed stand, European larch, eff ective temperature, air temperature, soil 
temperature, growing season, weather

Phenological observations enable to reveal 
rules of the course of plant life manifestations and 
to explain their dependence on environmental 
conditions. They also provide very valuable data 
concerning the onset and duration of the growing 
season. The variability of the onset and duration 
of individual phenological stages is signifi cantly 
infl uenced not only by genetic factors but also 
by environmental (above all climatic) conditions. 
Phenology of forest woody species can be used 
when evaluating eff ects of actual environmental 
conditions on the growth and development of plant 
associations. This enables to contribute to a widely 
discussed problem of possible climatic changes and 
their eff ects on the health condition and species 

composition of forest ecosystems (BEDNÁŘOVÁ, 
MERKLOVÁ, 2011 and 2012; ŠKVARENINOVÁ, 
2009a and 2010; GÖMÖRY, 2010; MOŽNÝ, 
NEKOVÁŘ, 2007; BAGAR, NEKOVÁŘ, 2007). 
A good knowledge of mutual relationships existing 
between meteorological characteristics on the 
one hand and phenophases on the other enables 
to assess the eff ect of climatic changes on the 
establishment of forest stands (Škvareninová 2009b). 
World studies on changes in plant phenology 
indicate that, in medium and higher altitudes of the 
Northern Hemisphere, there is a shi�  in the onset of 
phenophases to earlier stages in the spring so that 
the growing season is also longer and longer, above 
all due its delayed end. These phenomena infl uence 
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the duration of the dormancy period (HÁJKOVÁ 
et al., 2010). Forest woody species, as long-aged 
plants, can be held for bioindicators of climatic 
changes. A successful application of phenology in 
studies on climatic changes is possible only thanks 
to long time series and monitoring of changes taking 
place in environmental temperatures (KOCH et al., 
2005). 

MATERIAL AND METHODS
Phenological observations of European larch have 

been carried out on the research plot of the Institute 
of Forest Ecology, Mendel University in Brno, Czech 
Republic, within the period of 2007–2010. This 
research plot is situated on the north-eastern to 
eastern slopes of the watershed ridge at the altitude 
of 625 m. The area is characterized by coordinates 
16° 41’30” E and 49° 26’ 31” N in the geographical 
unit of the Drahanská vrchovina highlands. 
Climatically, the region is slightly warm and 
slightly humid with long-term averages of annual 
temperatures and annual precipitations of 6.6 °C and 
683 mm, respectively. Precipitation and temperature 
characteristics of the locality in years 2006–2010 
are presented in Fig. 1 and Fig. 2. The species 
composition of trees of a 32-year-old mixed forest 
stand is as follows: Norway spruce 60%, European 
beech 30%, and European larch 10%. Phenological 
observations were carried out according to the 
methodology of the Czech Hydrometeorological 
Institute (COUFAL et al., 2004). Observed were the 
following phenological stages: onset of fl ushing (10 
%), development of 10 % foliage, development of 50 % 
of foliage, beginning of full (100 %) development 
of foliage, full foliaage development (100 % of 
unfolded leaf area), beginning of leaf yellowing 
(10 % of needles), complete (100 %) yellowing of 
needles, beginning of leaf dropping (10 %), and 
complete (100 %) leaf dropping. The day ordinal 
number from the beginning of a calendar year was 
assigned to the date of particular phenological 
stages. Sums of average daily temperatures higher 

than 0 °C (TS0) a eff ective temperatures above 5 °C 
(TS5) were calculated for each phenophase. Sums 
of soil temperatures measured in corresponding 
phenophases were assessed at the level above 0 °C. 
In the studied forest stand, air temperatures were 
monitored by means of the Datalogger Minikin T 
sensor placed on the lower margin of crowns. The 
soil temperature was measured by the MicroLog SP 
sensor at the depth of 20 cm. For monitoring of 
precipitations, the Climatronics rain gauge and the 
datalogger MicroLog ER were installed in the open 
area. 

RESULT AND DISCUSSION

Response of phenological stages of the 
variability of weather

In individual years, onsets and durations of 
phenophases diff ered in dependence on climatic 
conditions. The onset of spring phenological 
stages was markedly infl uenced by air and 
soil temperatures. The time of their onset was 
dependent above all on the date when certain 
temperature limits were exceeded. The onset of 
spring phenophases was dependent above all on the 
moment of exceeding certain temperature limits. 

The course of spring phenophases in European 
larch is presented in Fig. 3. 

Within the study period of 2007–2010, the earliest 
onset of fl ushing (with 10 % of needles already 
formed) was observed already on the 89th day of 
the calendar year; as compared with a long-term 
average (1991–2006), this was by 11 days earlier 
(BEDNÁŘOVÁ, MERKLOVÁ, 2008). Within the 
period of 2007–2010, the beginning of foliage 
formation (with as much as 10 % of needles) was 
recorded in average already on the 101st day of the 
calendar year. In individual years, the onset of this 
phenophase ranged within the limits of 14 days. 
The phenophase “onset of foliage” (> 50 %) began 
on average on the 103rd day of the calendar year. 
The diff erence between the earliest and the latest 

1: Monthly averages of air temperature in the years 2007 to 2010
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2: Monthly totals of precipitation in the years 2006 to 2010

3: Onset and duration of spring phenologicalstages of European larix 

4: Onset of flushing as a funcion of average air 
temperature in February to March

5: Onset of flushing as a funcion of average soil 
temperature in February to March
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beginning of this phenophase was 13 days. The 
average beginning of a hundred-per-cent foliage 
formation was recorded on the 107th day of the 
calendar year 0n average, the stage of a complete 
development of the leaf area was recorded on the 
120th day, i.e. 16 days earlier than on a long-term 
average (1991–2006). The phenophase of full foliage 
development was the most variable of all evaluated 
spring phenophases. Obtained results demonstrated 
that the onset and duration of spring phenophases 
were dependent above all on the end of winter and 
on air and soil temperatures existing already in the 
course of early spring. The dependence of the onset 
of fl ushing on air temperatures occurring during 
the period under study is illustrated in Fig. 4; it 
was also corroborated by the calculated coeffi  cient 
R2 = 0.8684 (y = −3.788X + 97.165). 

The dependence of the beginning of spring 
phenophases (10 % of fl ushing) on soil temperatures 
is illustrated in Fig. 5 and its coeffi  cient was 
R2 = 0.7624 (y = −6.667x + 101.88).

These observations were similar as those 
published by other authors (SPARKS et al., 
2006; ŠKVARENINOVÁ, 2007; MERKLOVÁ, 
BEDNÁŘOVÁ, 2008; MIGLIAVACCA et al., 2008; 
BEDNÁŘOVÁ, KUČERA, 2002). 

The onset and duration of autumn phenophases 
are illustrated in Fig. 6. 

Within the period of 2007–2010, the beginning 
of autumn yellowing (10 %) occurred on average 
272 days a� er the beginning of the calendar year. 
Within the period under study, the length of this 
stage was 15 days. Altogether 100 % of yellow leaves 
were recorded on the 303rd day of the calendar 
year. On the long-term average (1991–2006), this 
phenophase occurred on the 300th day of the year 
(BEDNÁŘOVÁ, MERKLOVÁ, 2008). Within the 
time interval of 2007–2010, the dropping of 10 % of 
leaves was recorded on the 284th day of the calendar 
year. In individual years of the study period, the time 
span of this stage was 13 days. The latest onset of leaf 

dropping (10 %) was recorded on the 297th day of 
the year 2007. Within the period of 2007–2010, the 
phenophase of 100 % dropped leaves was observed 
as late as on the 327th day of the calendar year, i.e. 
5 days later than on the long-time average. The onset 
of autumn phenophases was infl uenced not only by 
air temperatures but also by the course of rainfalls 
in this season. Similar observations were published 
also by a number of other authors (e.g. LARCHER, 
2003; MERKLOVÁ, BEDNÁŘOVÁ, 2008; SPARKS, 
MENZEL, 2002).

Eff ect of air temperatures on the onset and 
duration of phenological stages

According to Havlíček (1986), the cumulative sum 
of eff ective air temperatures is the best way how to 
express temperature requirements of plants with 
regard to the onset of individual phenophases. The 
time of the onset of spring phenophases depends 
on the moment when a certain temperature level 
is exceeded. However, it is necessary to mention 
that the beginning of each phenological stage 
is dependent also on several other factors, e.g. 
humidity, light intensity, soil properties etc. In this 
study, sums of average daily air temperatures higher 
than 0 °C (TS0) were used as a bioclimatological 
criterion enabling to evaluate the dependence of 
phenological stages on meteorological elements and 
sums of eff ective air temperatures (TS5), respectively 
(see Figs. 7 and 8). 

To express temperature limits necessary for the 
onset of individual phenophases, sums of soil 
temperatures above 0 °C were used as well because 
also the soil temperature is one of the factors that 
contribute to the course of spring phenological 
stages (Fig. 9).

Within the study period (2007–2010), the onset of 
fl ushing (> 10 %) was recorded on average at TSO and 
TSS sums of 173 °C and 30 °C, respectively. For the 
onset of foliage formation (10 %) the necessary sums 
of TSO and TS5 were 212 °C and 43 °C, respectively. 

6: Onset and duration of autumn phenologicalstages of European larix 
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The subsequent spring phenological stage (i.e. with 
more than 50 % of needles opened) was infl uenced 
by sums of TSO and TS5 equal to 232 °C and 51 °C, 
respectively. The beginning of the full foliage 
development (100 % of unfolded leaves) occurred 
a� er the temperature sums of TS0 = 257 °C and 

TS5 = 59 °C, respectively. The phenological stage of 
fully developed foliage (100 %) was observed at the 
moment when the recorded sums of temperatures 
reached levels of 393 °C and 130 °C (for TS0 and 
TS5, respectively).

7: Sums of air temperature over 0 deg. C related to spring phenological stages. 

8: Sums of air temperature over 5 deg. C related to spring phenological stages.

9: Sums of soil temperature over 0 deg. C related to spring phenological stages.
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In the autumn, the fi rst autumn phenological 
stage of yellowing (with 10 % of yellow needles) was 
recorded at the moment when sums of temperatures 
were 2,622 °C and 1,604 °C (for TSO and TS5, 
respectively). A completely yellow foliage (100 % 
of needles) was recorded at temperature sums of 
2,830 °C and 1,630 °C for TSO and TS5, respectively. 
The beginning of foliage dropping occurred at 
temperature sums of 2,693 °C and TS5 1,630 °C (for 
TSO and TS5, respectively). A complete dropping of 
100 % of needles was recorded at the moment when 
sums of temperatures were 2,926 °C and 1,704 °C 
(for TSO and TS5, respectively).

 Regarding the fact that the study area was 
localised in a slightly warm and slightly humid 
region, the beginning of the growing season was 
not negatively aff ected by a defi cit of humidity and 
by its inadequate availability for plants. A long-term 
monitoring (supported by a statistical analysis of 
obtained results) demonstrated a great dependence 
of the onset of individual spring phenophases 
not only on air temperatures but also on that of 
soil in the course of early spring (BEDNÁŘOVÁ, 
KUČERA, 2002; BEDNÁŘOVÁ et al., 2012). This 
observation corresponded with data published 
by other authors (LAVANDER et al., 1973; TIMIS, 
WORRAL, 1974 and MERKLOVÁ, BEDNÁŘOVÁ 
2008). Within the period of 2007–2010, the onset 
of fl ushing (10 % of leaves) occurred on average at 
the moment when the sum of soil temperatures 
TS0 = 106 °C. The beginnings of foliage formation 
(10 % and 50 %) occurred at sums of TS0 = 131 °C 
and 145 °C, respectively. The beginning of the 
stage of full foliage development (100 %) occurred 
at soil temperature sums TS0 = 165 °C and the 
phenological stage of full foliage development took 
place at TS0 = 254 °C.

The obtained results indicate that in the study area 
the phenological phase of fl ushing occurred earlier 
and earlier while the onset of total (100 %) foliage 
dropping was delayed as compared with the long-
term average. In recent years, higher early-spring 
temperatures enabled not only an earlier onset 
of spring phenophases but also their accelerated 
course. This observation corresponded also with 
data published by other authors (ŠKVARENINOVÁ, 
2008; STŘÍŽ, NEKOVÁŘ, 2010). In the autumn, 
the occurrence of high temperatures together with 
an uneven distribution of rainfalls during the year 
resulted in a prolongation of the growing season 
to the late autumn. In the study area, an earlier 
beginning of phenological stages of fl ushing and 
foliage development as well as a delayed onset of 
autumnal phenophases could be observed already 
for a longer time interval. In the Czech Republic, 
similar observations were published also by 
other authors (HÁJKOVÁ et al., 2012). Within the 
study period of 2007–2010, the growing season 
of European larch lasted altogether 233 days; this 
was by 10 days more than the long-term average 
of years 1991–2006 (BEDNÁŘOVÁ, MERKLOVÁ, 
2008). Recently, this phenomenon resulted in an 

extension of the growing season and in a shortening 
of dormancy period (that is very important and 
indispensable role in the life cycle of forest woody 
species). Our results coincided also with data 
published by other authors (HÁJKOVÁ, et al., 
2010; MOŽNÝ, NEKOVÁŘ, 2007; MERKLOVÁ, 
BEDNÁŘOVÁ, 2008).

CONCLUSIONS
Results of this study corroborated that the 

beginning of spring phenological stages was 
dependent on the end of winter season and 
temperatures of air and soil existing already in the 
early spring. In individual years, the onset of spring 
phenophases was dependent on existing climatic 
conditions. Their beginning was dependent on the 
date when certain temperature limits were exceeded. 
The earliest beginning of fl ushing (10 % of needles) 
was recorded already on the 89th day of the year, i.e. 
by 11 days earlier than the long-term average (1991–
2006). Within the study period, the onset of 10 % of 
foliage development was recorded as early as on the 
101st day of the year. The onset of the stage of 50 % 
of foliage formation occurred in average on the 
103rd day of the year, i.e. one weak earlier than in the 
preceding time intervals. The onset of 100 % foliage 
formation was recorded on the 107th day of the year. 
The full development of the leaf area occurred on 
120th day of the year, i.e. by 16 days earlier than on 
the long-term average. Beginnings of phenological 
stages of fl ushing and fully developed leaf area 
showed the highest degree of variability. In recent 
years, the onset of other spring phenophases was 
earlier and their duration shorter just because of 
higher temperatures. 

As far as the beginning of individual phenological 
stages of European larch is concerned, its 
temperature requirements can be expressed at 
best on the base of temperature sums. The lowest 
sum of temperatures required for the onset of 
fl ushing (10 %) was TS0 = 152 °C. The requirements 
concerning formation of 10 % and 50 % of leaves 
were TS0 = 174 °C and 199 °C, respectively, while 
the beginning of 100 % of foliage development 
was observed at the sum of TS0 = 220 °C. The full 
development of leaf area occurred at TS0 = 295 °C. 
The statistical analysis demonstrated a high 
dependence of the onset of fl ushing on both 
air and soil temperatures existing within the 
period of two months before the beginning of 
this phenological stage. In the autumn, however, 
the onset of individual phenophases was delayed 
as compared with the long-term average. This 
phenomenon could be explained on the base of 
higher air temperatures and an uneven distribution 
of rainfalls during the autumn months. A delayed 
beginning of phenophases in the autumn resulted 
in an extension of the growing season on the one 
hand and a shortening of dormancy on the other. 
Within the study period, the growing season was 
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prolonged by 10 days as compared with results of 
a long-term monitoring. 

Long-term phenological studies can be therefore 
used (together with results of a simultaneous 

monitoring of environmental parameters) as 
a reliable bioindicator of climatic changes. 

SUMMARY
The paper presents results of a phenological study of European larch (Larix decidua Mill.) performed 
within the period of 2007–2010. Obtained results were compared with data covering the preceding 
period of 17 years. The study was performed in a mixed forest stand (Norway spruce 60 %, European 
beech 30 %, and European larch 10 %). The research area was situated at the altitude of 625 m in the 
Drahanská vrchovina highlands. In the experimental stand, all basic environmental parameters were 
recorded. Evaluation of individual phenological stages was carried out according to the methodology 
of the Czech Hydrometeorological Institute. In individual years, onsets and durations of individual 
phenophases diff ered in dependence on the course of weather. Temperature requirements of 
European larch were expressed using sums of temperatures recorded prior to the onset of each 
phenological stage. As far as the beginning of individual spring phenophases was concerned, air 
and soil temperatures played a decisive role; this observation was corroborated also by means of the 
statistical analysis of obtained results. Because of higher temperatures recorded to the end of winter 
and in early spring, the beginning of the fl ushing phenophase of European larch was advanced. As 
compared with a long-term average, the onset of this stage occurred by 10 days earlier in recent years. 
The length of spring phenophases was gradually decreasing. The beginning of autumn phenophases 
was delayed and shi� ed to later dates. These observations corresponded with information about 
changing environmental parameters in the study area. On the other hand, however, the length of 
autumn phenophases was extended. As compared with the period of 1991–2006, the phenological 
stage of leaf dropping was delayed on average by 7 days. Due to this phenomenon, the duration of 
the growing season was prolonged and shi� ed to the late autumn so that the period of dormancy was 
shortened. A permanent shortening of dormancy period might show a negative eff ect on the healthy 
condition of forest stands because of disturbances in physiological processes. Subsequently, this 
could also result in wilting and etiolation, above all of non-native species growing in new habitats and 
under changed environmental conditions. 

Acknowledgement

This paper was supported by the Ministry of Education, Youth and Sports of the Czech Republic, 
project No. MSM 6215648902 and the Czech Terra SP/2d1/93/07. 

REFERENCES
BAGAR, R., NEKOVÁŘ, J. 2007: Porovnání 

růstových podmínek v I.–IV. vegetačním stupni. In: 
International Scientifi c Conference – Bioclimatology and 
natural hazards. September 17–20, 2007. Procedings. 
Polana nad Detvou: Slovenská bioklimatologická 
společnost a TU vo Zvolenu, s. 1–7. ISBN 978-80-
228-17-60-8. 

BEDNÁŘOVÁ, E., MERKLOVÁ, L., 2011: Evaluation 
of vegetative phenological stages in a spruce 
monoculture depending on parameters of the 
environment. Acta univ. agric. et silvic. Mendel. Brun., 
59, 6: 31–36. ISSN 1211-8516. 

BEDNÁŘOVÁ, E., KUČERA, J., 2002: Phenological 
observations of two spruce stands (Picea abies /L./
Karst.) of diff erent age in the years 1991–2000. 
Ekológia (Bratislava), 21, 1: 98–106. ISSN 1335-342x.

BEDNÁŘOVÁ, E., MERKLOVÁ, L., 2008: 
A phenological study of European larch (Larix 
decidua Mill.) in the Drahanská vrchovina 
highlands. Acta univ. agric. et silvic. Mendel. Brun., 56, 
2: 13–20. ISSN 1211-8516.

BEDNÁŘOVÁ, E., TRUPAROVÁ, S., MERKLOVÁ, 
L., 2012: Monitoring the spring phenological 
stages in a spruce monoculture in the Drahanská 
vrchovina upland in 2005–2011. Acta Univ. agric. 
et silvic. Mendel. Brun., 60, 6: 15–20. ISSN 1211-8516. 

GÖMÖRY,D., 2010: Klimatická zmena a krajina. In: 
ŠKVARENINA, J., SZOLGAY, J., ŠIŠKA, B., LAPIN, 
M., (ed.) Študia Slovenskej bioklimatologickej spoločnosti 
SAV, XXV, roč. XXII, Zvolen: TU Zvolen, 114 s. 
ISBN 978-80-228-2275-5. 

HÁJKOVÁ, L., NEKOVÁŘ, J., RICHTEROVÁ, D., 
2010: Assessment of vegetative phenological 
phases of European beech (Fagus sylvatica L.) in 
relation to eff ective temperature during period of 
1992–2008 in Czechia. Folia Oecologica., 37, 6: 152–
161. ISSN 1336-5266.

HÁJKOVÁ, L., VOŽENÍLEK, V., TOLASZ, R., 2012: 
Atlas fenologických poměrů Česka, UP Olomuc: 
ČHMU Praha, 311 s. ISBN 978-80-86690-98-8. 

HAVLÍČEK, V., 1986: Agrometeorologie, Praha: SZN 
Praha, 260 s., ISBN 07-081-86.



1246 Emilie Bednářová, Kristýna Slovíková, Sabina Truparová, Lucie Merklová

KOCH, E., BRUNS, E., CHMIELEWSKI, F., M., 
DEFILA, C., LIPA, W., MENZEL, A., 2005: 
Guidelines for plant phenological observations. Berlin: 
Zentralanstalt für Meteorologie und Geodynamik, 
Austria, Deutscher Wetterdienst, Germany. 39 p. 
ISBN 978-92-898.

LARCHER, W., 2003: Physiological Plant Ecology. 
Berlin, Heidelberg, Springer-Verlag, 513 p. ISBN 
0-387-58116-23.

LAWANDER, D. P., SWEEN, G. B., ZABR, J. B., 
1973: Spring shoot growth in Douglas – fi r may 
be initiated by giberlins exported from the roots. 
Science. 23, 182: 838–840. ISSN 0161-7370.

MERKLOVÁ, L., BEDNÁŘOVÁ, E., 2008: Rezults of 
a phenological study of the tree layer of a mixed 
stand in the region of the Drahanská vrchovina 
Upand. J. For. Sci., 54, 7: 294–305. ISSN 1212-4834. 

MIGLIAVACCA, M., CREMONESE, E., COLOMBO, 
R., BUSETTO, L., GALVAGNO, M., GANIS, L., 
MERONI, M., 2008: European larch phenologyin 
the Alps: can we grasp the role of ecological factors 
by combining fi eld observations and inverse 
modelling. Int. J. Biometeorol., 52 (6): 587–605. ISSN 
0020-7128.

MOŽNÝ, M., NEKOVÁŘ, J., 2007: Dlouhodobé 
kolísání počátku vegetační sezony v Polabí 
v letech 1876–2005. Meteorologické zprávy, 60, 4: 23–
26. ISSN 0026–1173.

SPARKS, T. H., HUBER, K., CROXTON, P., 2006: 
Plant development scores from fi xed –date 
photographs: the infl uence of weather variables 
and recorder experience. International Journal of 
Biometeorology, 50, 5: 275–279. ISSN 0367-8253.

SPARKS, T. H., MENZEL, A., 2002: Observed 
changes in season: an overwiew. International 

Journal of Climatology, 22, 7: 1715–1725. ISSN 0899-
8418.

STŘÍŽ, M., NEKOVÁŘ, J., 2010: Prostorová a časová 
analýza prvních květů a prvních listů smrku 
obecného (1961–1990 a 1991–2009). Meteorologické 
zprávy, 63, 4: 101–107. ISSN 0026 – 1173.

ŠKVARENINOVÁ, J., 2007: Charakteristika 
fenologických fáz jelše lepkavej (Alnus glutinosa 
/L./ Gaertn.) a Arboréte Borová hora v rokoch 
1987–2006. Acta Facultatis Forestalis, 59, 1: 17–28. 
ISSN 0231-5785.

ŠKVARENINOVÁ, J., 2008: Start of spring 
phenofphases in pedunculate oak (Quercus robur 
L.) in Zvolenská Basin in relation to temperature 
sums. Meteorological. Journal, 11, 1–2: 15–20. ISSN 
1335-339x.

ŠKVARENINOVÁ, J., 2009 a: Fenológia rastlin 
v meniacich sa podmienkach prostredia. Zvolen: 
TU Zvolen, 2009, 13 s. ISBN 978-80-228-2059-2.

ŠKVARENINOVÁ, J., 2009 b: Nástup vegetatívnych 
fenologických fáz populácií smreka obyčajného 
(Picea abies /L./ Karst.) zo Slovenska vo vztahu 
k teplotnym sumám. Meteorological Journal, 12, 2–3: 
109–113. ISSN 1335-339x. 

ŠKVARENINOVÁ, J., 2010: Priebeh jarných 
fenologických fáz na generativnych orgánoch 
autochtnnych populácií smreka obyčajného 
(Picea abies /L:/ Karst zo Slovenska. Lesnický časopis 
– Forestry Journal, 56, 4: 369–381. ISSN 0323-10468.

TIMMIS, T., WORRAL, J., 1974: Translocation 
of dehardening and bud-break promotores in 
climatically split Douglas-fi r. Can. J. For. Res., 4, 6: 
229–237. ISSN 0099-7013.

Address

doc. Ing. Emilie Bednářová, CSc., Ing. Kristýna Slovíková, Ing. Sabina Truparová, Ph.D. Department of Forest 
Ecology, Mendel University in Brno, Zemědělská 1, 613 00, Brno, Czech Republic, Ing. Lucie Merklová, 
Ph.D., V Jahůdkách 388, 270 33 Jesenice u Rakovníka, Czech Republic, e-mail: bednarov@mendelu.cz 


