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Abstract

HAkovA, L., NEKOVAR, J., RicHTEROVA, D. 2010. Assessment of vegetative phenological phases of
European beech (Fagus sylvatica L.) in relation to effective temperature during period of 1992—
2008 in Czechia. Folia oecol., 37: 152-161.

The paper presents the results of long-term phenological observations of European beech (Fagus
sylvatica L.) running in years 1992-2008 across the phenological network of the Czech Hydro-
meteorological Institute, abbr. CHMI, in original language Cesky hydrometeorologicky ustav. The
data assembled over this period were used for identification of timing of the following vegetative
phenophases: bud burst (BBCH 07), first leaves 100% (BBCH 15), leaf colouring 10% (BBCH
92), leaf fall 100% (BBCH 97). The stations are situated at altidudes from 165m (Lednice) to
1,102 m (Modrava). The mean date obtained for onset of bud burst is from April 12% to May 7% (on
average April 22"), the mean date for onset of the first leaves 100% is from April 29" to May 17%
(on average May 7™), the mean date for onset of leaf colouring is from September 12 to October
14" (on average September 24" ), and the mean date for onset of leaf fall 100% is from October
9" to December 8" (on average November 7%). The trend analysis of bud burst stage showed a
declining trend — that means a shift of phenological phases towards earlier date (5.7 days). On the
other side, the phenophase of leaf fall 100% manifested an increasing trend — that means a shift of
phenological phase to later date (6.1 days). The vegetation season is getting longer. The totals of
effective temperatures were used as a bio-climatological criterion for assessment of dependence
of phenological phases on meteorological variables. The above mentioned totals were obtained
as subtotals of average daily temperatures higher than 0 °C, 5 °C, 8 °C and 10 °C (TS0, TS5,
TS8, TS10). The average temperature total for bud burst TSO was found from 286.2 °C (Lednice,
165m a.s.l.) to TSO = 144.2 °C (Modrava, 1,102 m a.s.l.). The other effective temperature totals
for the average day of bud burst are: TS5 = 71.5 °C; TS8 = 21.4 °C; TS10 = 7.2 °C (Lednice);
TS5 =20.0 °C; TS8 = 4.4 °C; TS10 = 1.6 °C (Modrava). The highest temperature total for leaf
fall was from TS0 = 3,822.4 °C (Lednice); the lowest TS0 = 1845.9 °C (Modrava).
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Introduction

The natural distribution area of European beech covers
the whole of Central Europe including Czechia. Phe-
nological observations of this species can be a useful
bioindicator tool for detecting environmental changes.
European beech is a deciduous tree, up to 40 m high and
with an average stem circumference of 1 m. The crown
is ball-shaped, the wood is skin-rose. European beech is
a wood species associated with oceanic and suboceanic
climate, sensitive to drought and late frost. It occurs
across the whole Czechia from 300 to 1,000 m a.s.l.
Fagus sylvatica L. has been included into the CHMI
phenological observation programme to monitor these
phenophases: bud burst, first leaves (10, 50, 100%),
fully developed leaves, flower buttons visible, begin-
ning of flowering (10, 50, 100%), end of flowering, bud
creation (10%), first fruits visible (10%), green sprouts
begin to lignify (10%), colouring of leaves (10, 100%),
falling of leaves (10, 100%) and fully ripeness (10%).
BepNAROVA and MERKLOVA (2007) monitored and eval-
uated spring and autumnal phenological characteristics
of Fagus sylvatica L. in the Drahanska vrchovina hills
from 1991 to 2006. A large range was noted in spring
phenophases, autumnal phases showed a more regular
course. In the recent years, the sum of effective tempe-
ratures displayed an evident growth. The sum of effec-
tive air temperatures for budbreak had increased from
10.9 °C to 135.6 °C, for leaf fall from 1,308.0 °C to
2,341.0 °C. MErkLOVA and BEDNAROVA (2007) evaluated
phenological and growth phases of European beech in
relation to the microclimate in a stand in the Drahanska
vrchovina. The beginning of autumnal phenological
phases depended more on the precipitation amount
during the summer and autumn months. HANOUSKOVA
(2010) executed temporal variability of European
beech from phenological stations Lednice (165 m a.s.1.)
and Chfibska (350 m a.s.l.) including influence of me-
teorological parameters (air temperature, precipitation
and sunshine duration) on phenophase onset in period
1991-2009. During the observed period the starts of
vegetative phenological phases set on average in April
(bud burst) and in May (first leaves 100%). The varia-
tion coefficients of vegetative phenophases (sprouting,
first leaves 100%, leaves colouring 10% and leaf fall)
ranged from 4.0% to 5.6% at Lednice station and from
5.2% to 11.1% at Chiibska station. The mean daily

air temperature was found considerably affecting bud
burst of oak (Quercus robur L.) in a flood plain forest
of southern Moravia in period 1961-2007 (BARTOSOVA
et al., 2008). SKVARENINOVA (2008) studied the start of
spring phenophases in Quercus robur L. in relation to
temperature sums in period 1987-2006 in the Zvolenska
kotlina basin at altitudes about 300 m a.s.l. The values
of variation coefficients of all vegetative phenophases
ranged from 4.04% to 6.03%, the variation range was
20-27 days. The values of temperature sums (TS0 =
241.3 °C —leaf bud swelling, TS0 = 380.6 °C — leaf bud
burst, TS0 = 530.7 °C — leaf unfolding). SKVARENINOVA
(2007) also studied the onset of generative phenophase
of Alnus glutinosa (L.) Gaert. at the Arboretum Borova
hora in relation to effective temperatures in 1987-2006
(TS0 =102.8 °C — beginning of flowering, TS0 =191.1
°C — bud burst, TS0 = 369.7 °C — fully leaved, TS0 =
3,214 °C — leaves unfolding).

Material and methods

The onset of bud burst (BBCH 07), first leaves 100%
(BBCH 15), leaf colouring 10% (BBCH 92) and leaf
fall 100% (BBCH 97) was analysed for the period
1992-2008 with the data provided by 27 CHMI phe-
nological stations situated from 165 to 1,102 m a.s.l.
There were selected stations with complete time se-
ries. The phenological data were obtained according to
CHMI methodical instructions, number 10 (2009). The
patterns of phenophases are illustrated in the Phenolog-
ical atlas CouraL et al. (2004). The phenophase onset
was expressed as the corresponding growing-degree
day. The stations were analyzed separately and accor-
ding to altitude. We have also evaluated the following
inter-start intervals: bud burst — leaf fall 100% (length
of vegetation period of European beech in Czechia),
bud burst — first leaves 100%, leaf colouring 10% — leaf
fall 100%. All the types of analysis were made in Excel
and by AnClim programme. The effective temperatures
totals (subtotals of average daily air temperatures above
0 °C (TS0), 5 °C (TS5), 8 °C (TS8) and 10 °C (TS10))
were as the most suitable meteorological characteristics
when dealing with phenological data. The characteris-
tics of phenological and climatological stations are in
Table 1.

Table 1. Characteristics of phenological (P) and climatological (C) stations

Station Altitude Longitude Latitude
Lednice (P) 175 16°48' 48°48'
Ptibyslav (P) 533 15°45" 49°35'
Modrava (P) 1,102 13°31" 49°02'
Lednice (C) 176 16°47' 48°47
Ptibyslav (C) 530 15°45" 49°34'
Kvilda (C) 1,059 13°34' 49°01"'
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Table 2 represents annual meteorological characte-
ristics for meteorological stations Lednice (176 m a.s.l),
Pribyslav (530 m a.s.l) and Kvilda (1,059 m a.s.l).

All CHMI phenological stations have been pro-
vided with metadata of Phenodata-Oracle database.

The beech observation site Lednice is situated in
the Lednice Castle Park, southern Moravia, the river
basin of Dyje. The trees are observed at the locality
with the following site characteristics: vegetation unit
— dispersed green vegetation, macrorelief — flat ground,
microrelief — flat ground, geological substrate — clayey
drift and combined soil, slope — up to 5 degrees, light
conditions — full illumination, humidity conditions —
hygromesophyte, initial stand age — 80—100 years, level
of protection — the other categories of non forest land.

The station Pfibyslav is situated in the Vysocina
region, the river basin of Sazava. Beech trees are ob-
served at the locality 7 with the following characte-
ristics: vegetation unit — dispersed green vegetation,
macrorelief and microrelief — flat ground, geological
substrate — underground volcanic rocks, slope from 5
to 10 degrees, exposition — southwest, light conditions
— full illumination, humidity conditions — mesophyte,
initial age — 80—100 years, level of protection — the other
categories of non forest land.

The station Modrava is situated in the Sumava
Mts, the river basin of Vltava. Beech trees are observed
at the locality 4 with these characteristics: vegetation
unit — dispersed green vegetation, macrorelief — flat
ground, geological substrate — underground volcanic
rocks, slope from 30 to 40 degrees, exposition — south-

west, light conditions — full illumination, humidity con-
ditions — hygromesophyte, initial stand age 100—150
years, level of protection — National Park.

Results and discussion

The onset and duration of phenological phases in beech
differed considerably between the years. Together with
genetics factors, air temperature and soil temperature
are critical for the start of spring phenological phases
(BepnARovA and Kucera, 2002.). Statistical data for
the selected stations are in Tables 3, 4. On the basis
of the results obtained, we can report that the average
timing of bud burst in the 17-year research period in
Czechia was the 22" April, average timing of first
leaves (100%) was the 7" May, average timing of leaf
colouring (10%) 24™ September, and average timing
of leaf fall (100%) 7™ November. Statistical characte-
ristics of bud burst, first leaves (100%), leaf colouring
10% and leaf fall (100%) for the whole Czechia are
given in Table 5. The earliest bud burst in the station
Lednice was found on 1% April with the sum of effec-
tive temperatures TS5 = 55.0 °C, and at the latest was
on the 20™ April with the sum of effective tempera-
tures TS5 = 148.2 °C.

In the Modrava station the earliest bud burst was
recorded on 25" April with the sum of effective tem-
peratures TS5 = 6.3 °C, and at the latest was on the
12" May with the sum of effective temperatures TS5
= 32.5°C.

Table 2. Annual meteorological characteristics at the stations Lednice, Ptibyslav and Kvilda

Meteorological characteristic Abbreviation  Unit Lednice Pribyslav Kvilda
Mean annual air temperature T °C 10.2 7.5 33
Average sum of active temperatures ST>5°C oC 37164 2 864.8 1.709 7
above 5 °C o U o
Average sums of active temperatures ST> 10 °C oC 3.263.0 23614 11379
above 10 °C T U o
Average annual maximum air temperature TMA °C 15.1 12.0 9.9
Absolute maximum air temperature TMA MAX °C 38.1 35.8 314
Average active sum of maximum STMA>5°C  °C 5,452.9 4372.1 3,648.7
air temperature above 5 °C

Average active sum of maximum STMA > 10°C  °C 5.0473 3.945.5 3.196.8
air temperature above 10 °C o T o
Average annual minimum air temperature T™I °C 5.1 32 -2.8
Average annual sunshine SSV hour 1,832.8 1,737.2 Not observed
Average annual precipitation total SRA mm 535.7 683.3 1,226.7
Average annual number of days with daily SRA> 0.1 mm da 114.6 168.1 192.1
precipitation total above 0,1 mm ' Y ’ ' '
Average annual number of days with daily SRA> | mm  da 317 111.8 1558
precipitation total above 1 mm Y ’ ’ )
Average annual number of days with daily SRA > 5 mm day 311 409 778

precipitation total above 5 mm
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The earliest first leaves (100%) were found on 24
April (Lednice station) with the sum of effective tem-
peratures TS5 = 226.0 °C, and on 4" May (Modrava
station) with the sum of effective temperatures TSS =
179.9 °C. The latest first leaves (100%) were on 11
May (Lednice station) with the sum of effective tem-
peratures TS5 = 259.0 °C, and on 29™ May (Modrava
station) with the sum of effective temperatures TSS =
187.8 °C.

The earliest leaf colouring (10%) was found on
2" September (Lednice station) with the sum of effec-
tive temperatures TS5 = 2,488.5 °C, and on 26" August
(Modrava station) with the sum of effective tempera-
tures TS5 = 933.5 °C. The latest leaf colouring (10%)

was observed on 21% October (Lednice station) with the
sum of effective temperatures TS5 =2,588.3 °C, and on
27 October with the sum of effective temperatures TS5
=990.4 °C.

The earliest leaf fall (100%) were found on 3%
November (Lednice station) with the sum of effective
temperatures TS5 = 2,358.0 °C, and on 20" September
(Modrava station) with the sum of effective tempera-
tures TS5 =1,052.1 °C. The latest leaf colouring (10%)
was on 23" December (Lednice station) with the sum
of effective temperatures TS5 = 2,373 °C, and on 30™
October (Modrava station) with the sum of effective
temperatures TS5 = 881.4 °C. Statistical characteris-
tics for onset of phenophase bud burst and leaf fall are

Table 3. Statistical characteristics of bud burst and leaf fall (100%) phenophase onset in European beech

Bud burst Lednice Pribyslav Modrava
Average 14. 4. 13. 4. 6.5.
Median 16. 4. 14. 4. 7.5.
Upper q. 10. 4. 6. 4. 2.5.
Lower q. 18. 4. 20. 4. 10. 5.
Standard deviation 53 9.0 52
Min. 1. 4. 27.3. 25.4.
Max. 20. 4. 26. 4. 12.5.
Variation range 19 30 17
Variation coefficient 5.1 8.7 4.1
Leaf fall (100%) Lednice Pribyslav Modrava
Average 23.11. 30. 10. 9. 10.
Median 21.11. 29. 10. 9. 10.
Upper q. 14. 11. 26. 10. 26.9.
Lower q. 29.11. 6. 11. 17.10.
Standard deviation 14.3 10.6 14.0
Min. 3.11. 15. 10. 20.9.
Max. 23.12. 26. 11. 30. 10.
Variation range 50 42 40
Variation coefficient 4.4 3.5 4.9

Table 4. Statistical characteristics of interphase intervals (Bud burst — Leaf fall 100%, Bud burst — First leaves 100%, Leaf

colouring 10% — Leaf fall 100% ) in European beech

Bud burst — Leaf fall 100% Lednice Ptibyslav Modrava
Average 223 201 156
Median 220 201 147
Upper q. 215 194 152
Lower q. 230 208 144
Standard deviation 154 12.8 12.4
Min. 200 173 142
Max. 255 225 183
Variation range 55 52 41
Variation coefficient 24.6 6.4 8.0
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Table 4. Continued

Bud burst — First leaves Lednice Ptibyslav Modrava
100%
Average 20 19
Median 21 20
Upper q. 16 15
Lower q. 22 23 13
Standard deviation 3.7 6.4 6.5
Min. 14 9 2
Max. 27 24 22
Variation range 13 25 20
Variation coefficient 18.7 33.9 69.2
Leaf colouring 10% — Leaf fall
100%
Average 55 45 26
Median 55 44 26
Upper q. 40 41 12
Lower q. 79 48 40
Standard deviation 239 12.6 14.0
Min. 16 19 5
Max. 104 75 47
Variation range 88 56 42
Variation coefficient 43.1 28.3 53.3
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Fig. 1. The trend of onset of phenological phases European beech in 1992-2008
at Lednice station (165 m a.s.l.).
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Fig. 2. The trend of onset of phenological phases in European beech in 1992-2008 at Modrava station
(1,102 m a.s.l.).

given in Table 3. Relative variation coefficients at all
three stations were low — unlike in interphase interval
— especially at the mountain station. Statistic descrip-
tion of interphase duration is in Table 4. Figs 1 and
2 illustrate the trends of onset of spring and autumn
phenological phases in the lowland and in the moun-
tain. We have found positive trends in all phenophases
at Lednice station — the highest in leaf colouring 10%.
The trends observed at the mountain station Modrava
were also positive, except bud burst in which the onset
was found earlier.

The phenological data from all 27 phenological
stations were evaluated statistically. The results are
summarized in Tables 5, 6. The onset of bud burst was
on average on 22" April, of the first leaves 100% on 7%

May, of leaf colouring 10% on 24™ September, and of
leaf fall 100% on 7™ November.

The sums of effective temperatures were calcu-
lated for each selected station (Lednice, Pfibyslav and
Modrava) according to the representative climatolog-
ical stations (Lednice, Pfibyslav and Kvilda stations)
from the beginning of year to the particular phenophase
onset. The average sums of effective temperatures are
given in Table 7. In Table 8 are summarised statistical
characteristics of sums of effective temperatures above
5 °C. Variation coefficients in autumnal phenological
phases were smaller than in spring phenological phases.
Fig. 3 represents course of sums of effective tempera-
tures above 5 °C in autumnal phenological phases with
regression equation in the European beech at different
altitudes during period 1992-2008.

Table 5. Statistical characteristics of selected phenophases from all phenological stations for European beech in Czechia

Fagus sylvatica L.

Statistical characteristics

1992-2008 ,

Phenophase X S, R Min. Max. s %
Bud burst (BBCH 07) 112 8.4 25 102 127 7.5
(F};r;tclle{avlg 100% 127 8.0 18 119 137 6.3
Leaf colouring 10% (BBCH 92) 267 17.8 32 255 287 6.6
Leaf fall 100% (BBCH 97) 311 17.4 60 282 342 5.6

X — arithmetic mean, s_— standard deviation, R — variation range, Min. — minimum, Max. — maximum, s % — variation coef-

ficient.
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Table 6. Statistical characteristics of selected interphases from all phenological stations of European beech in Czechia

Fagus sylvatica L. Statistical characteristics

1992-2008 ) .

Interphase X S, R Min Max s %

Bud burst — first leaves

(100%) 14.1 1.5 54 11.7 17.2 10.9

Bud burst — leaf fall

100% 198.3 5.1 20.9 185.8 206.8 2.6
1 0,

Leaf colouring 10% 436 3.7 13.6 39.0 52.6 8.5

— leaf fall 100%

X — arithmetic mean, s_— standard deviation, R — variation range, Min. — minimum, Max. — maximum, s % — variation coef-
ficient.

Table 7. Average sums of effective temperatures for selected phenological phases in European beech

Phenophase TSO TS5 TS8 TS10
Lednice Kvilda Lednice Kvilda Lednice Kvilda Lednice Kvilda

Bud burst (BBCH 07) 2817.5 143.7 71.6 20.2 21.3 4.6 7.0 1.7

First leaves 100%

(BBCH 15) 611.2 403.0 250.3 134.6 126.2 56.7 72.1 27.8

Leaf colouring 10%

(BBCH 92) 3,384.3 1,730.2 2,413.9 871.5 1,758.0 483.8 1,365.3 288.8

Leaf fall 100 %

(BBCH 97) 3,8384 1,856.1 2,461.6 904.9 1,774.3 492.5 1,372.4 291.2

Table 8. Statistical characteristics of sum of effective temperatures above 5°C for bud burst, first leaves 100%, leaf colouring
10% and leaf fall in European beech

Bud burst Min. Max. R S, s %
Lednice 1.2 148.2 147.0 34.0 47.5
Kvilda 35 52.8 49.3 14.6 72.3
First leaves

Lednice 143.9 377.7 233.8 58.8 23.5
Kvilda 66.4 193.5 127.1 33.6 24.9
Leaf colouring

Lednice 2,165.2 2,605.2 440 121.4 5.1
Kvilda 622.6 1,037.6 415 107.1 12.3
Leaf fall

Lednice 2,245 2,687 442 1233 5.0
Kvilda 647.3 1,052.1 404.8 105.4 11.7

Min. — minimum, Max. — maximum, R — variation range, s — standard deviation, s % — variation coefficient.
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Fig. 3. Sums of effective temperatures above 5 °C for the autumnal phenological phases in the European beech
in the years 1992-2008.

Finally, Fig. 4 represents average vegetation season length for all phenological stations according to al-
titude.
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Fig. 4. Vegetation season length dependent on altitude in European beech in Czechia in 1992-2008.
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Conclusions

European beech has been included into the phenologi-
cal observation programme carried out across Czechia
by the Czech Hydrometeorological Institute at its phe-
nological stations. The results of phenological obser-
vations during 1992-2008 show considerable inter-an-
nual differences in start and duration of individual phe-
nophases. In the phase bud burst, the difference was
19-17 days (lowland station, mountain station), the
lowest sum of effective temperature (TS5) for the phase
start was 1.2 °C — lowland (3.5 °C — mountain), the
highest was 148.2 °C — lowland (52.8 °C — mountain).
BepNARovA and MERkLOVA (2007) studying European
beech phenophases in the Drahanska vrchovina hills
report for bud break the lowest sums of effective tem-
peratures 10.9 °C, and the highest 135.6 °C . Hanous-
KovA (2010) calculated the average sums of effective
temperatures to bud burst onset (123.7 °C — Lednice
station, 112.5 °C — Chiibska station), to first leaves 100%
onset (283.6 °C — Lednice station, 161.5 °C — Chtibska
station) and to leaf fall onset (2,450.4 °C — Lednice
station, 1,899.5 °C — Chtibska station).

The variation range for the 100% leaf fall was 50
days (Lednice) at the sum of effective temperatures
2,245.0 °C to 2,687 °C, and 40 days (Modrava) at the
sum of effective temperatures 647.3 °C to 1,052.1 °C.
The corresponding results from the Drahanska vrcho-
vina hills (BEbNAROVA and MERKLOVA, 2007) were for
the same phenophase in European beech 1,137.4 °C to
2,200 °C. We can see that altitude and locality has a
considerable influence on phenophase onset.

The phenophase bud burst manifested higher rela-
tive variation coefficient than the phenophase leaf fall
(100%); on the other hand, the variation range was
larger in defoliation. The phenophase bud burst starts
earlier in lowlands, leaf fall (100%) in mountains. The
length of interphase interval bud burst —leaf fall (100%)
was on average 223 days in the lowlands and 157 days
in the mountains, length of interphase interval bud burst
— first leaves (100%) was on average 19.8 days in the
lowlands and 9.2 days in the mountains, and the length
of interphase interval leaf colouring (10%) — leaf fall
(100%) was on average 55.5 days in the lowlands and
26.4 days in the mountains.

The results show a high variability of phenophase
onset during the last 17 years, in dependence on the
weather course and location (altitude). The differences
in totals of effective temperatures between lowlands
and mountains were relatively high. The length of inter-
val between bud burst — leaf fall (100%) (meaning the
length of vegetation period) was 223 days in the low-
lands and 157 days in the mountains. The sums of effec-
tive temperatures at the start of autumnal phenological
phases in the recent years show an increasing tendency,
resulting from gradual warming and thus prolongation
of the growing season.
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Vyvoj vegetativnich fenologickych fazi buku lesniho (Fagus sylvatica L.)
ve vztahu k efektivnim teplotam vzduchu za obdobi 1992-2008 v Cesku

Souhrn

Fenologické pozorovani ma v ¢eskych zemich dlouhou tradici. Vzhledem ke zméné metodiky v 80. letech 20.
stoleti jsme pro zpracovani vyuzili vysledky fenologickych pozorovani lesnich rostlin — buk lesni (Fagus syl-
vatica L.) vybranych vegetativnich jarnich a podzimnich fenofazi. I kdyz je pocatek fenofazi podminén hodné
genetickymi vlastnostmi rostlinného druhu, po€asi mtize ovlivnit nastup fenofazi a tim narusit dalsi vyvoj rost-
lin. Z meteorologickych prvkd ma nejveétsi vliv na pocatek a trvani fenofazi teplota vzduchu — za rozhodujici
charakteristiku lze povazovat sumu efektivnich teplot, ktera fazim predchéazi. Ve studii jsou ukézany vysledky
sedmnadctiletého pozorovani zvolenych fenofazi raseni, prvni listy (100 %), Zloutnuti listd (10 %) a opad listh
(100 %) jednak ze vsech fenologickych stanic CHMU a detailné jsou zpracovany fenologické stanice v extrémng
rozdilnych nadmoiskych vyskach (Lednice, 165 m n. m., Pfibyslav 533 m n. m. a Modrava 1 102 m n. m.). Vy-
sledky prokézaly vliv nadmoftské vysky na nastupu fenofazi, primérné datum nastupu fenofaze raseni nastava na
stanici Lednice (165 m n. m.) dne 14. 4. a na stanici Modrava (1 102 m n. m.) dne 6. 5., primérné datum fenofaze
prvnich listt 100 % nastdva dne 4. 5. (Lednice) a dne 15. 5. (Modrava), primérné datum zloutnuti listt 10 % na-
stava dne 28. 9. (Lednice) a 13. 9. (Modrava) a primérné datum opadu listi 100 % ptichazi dne 23. 11. (Lednice)
adne 9. 10. (Modrava). Primérna suma efektivnich teplot nad 5 °C je u nizinné stanice Lednice 71,6 °C (BBCH
07), 250,3 °C (BBCH 15), 2 413,9 °C (BBCH 92) a 2 461,6 °C (BBCH 97) a u horské stanice Kvilda 20,2 °C
(BBCH 07), 134,6 °C (BBCH 15), 871,5 °C (BBCH 92) a 904,9 °C (BBCH 97). Primérna délka vegetacniho
obdobi je 198,3 dne v priméru CR, v nizinnych polohach 223 dni a v horskych 157 dni. Suma efektivnich tep-
lot nad 5 °C vykazuje u podzimnich fenofazi stoupajici tendenci, tedy prodluzovani délky vegetacniho obdobi
v poslednich letech.
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