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Abstract

BEDNAROVA, E., MERKLOVA, L.: A phenological study on European larch (Larix decidua Mill.) in the Dra-
hanskd vrchovina highlands. Acta univ. agric. et silvic. Mendel. Brun., 2008, LVI, No. 2, pp. 13-20

The phenological study on the onset and duration of individual phenological phases of European
larch (Larix decidua Mill.) has been performed using sample trees growing in the research station of
the Faculty of Forestry and Wood Technology, MUAF Brno for altogether 15 years. This study involves
also recording of meteorological data. In this region, the European larch is an introduced woody spe-
cies and its share in the stand composition is approximately 8%.

In European larch, the phenological stages have a markedly periodic character but they are also large-
ly dependent on a complex of exogenous conditions, especially of climatic effects; this was corrobo-
rated also in studies on the phenology of other forest tree species growing in this region. Results of this
phenological study demonstrated that the spring phenophases were influenced above all by air tem-
peratures while the autumn ones were dependent, besides temperatures and precipitation, also on
the duration of assimilation apparatus activities. The onset of breaking of needles occurred between
Days 89 and the 110 of the calendar year. A full development of the assimilation area was reached be-
tween Days 125 and 150. The onset of individual phenophases was determined by threshold air tem-
peratures, which were markedly different in individual forest trees. This requirement could be ex-
pressed at best by the sum of effective temperatures (i.e. air temperatures above 5 °C). In the analysed
fifteen-year study period, the sum of effective temperatures for European larch ranged from 1 301.0
to 2 337.0 °C within the period delimited by dates of the flushing and 100-percent fall (abscission) of
needles.

Results of a long-term phenologic monitoring of forest woody species may be used when evaluating
the condition of forest stands from the viewpoint of expected global climatic changes.
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In the Czech Republic, the forest phenology has
a relatively long tradition. Phenological data are an
important source of information when monitoring
and explaining life processes of plants and their de-
pendence on environmental conditions. Although
the onset and duration of phenological phases is
genetically determined, their onset can be post-
poned by climatic factors so that the development
of plants can be changed and, thus, disturbed. As
far as the ecological properties of woody species are
concerned, phenological observations can help to
characterise a climatic region with an average length
of growing season (HOFMAN, 1957; LUKNAROVA,

13

2000). They directly express and describe the depen-
dence existing between the time course of growth
and development of plants on the one hand and va-
lues of meteorological elements on the other (KUR-
PELOVA, 1980). The dependence of tree phenology
on climatic signalsiswell established (LECHOWICZ,
1995; KRAMER, 1996). Temperature has been found
to be the best environmental signal for the tree to
use for the optimal timing of the onset of growth.
For determining the onset of developmental stages,
often the concept of temperature sum has been
used (HAKKINEN & HARI, 1988; KRAMER 1996,
2000; DIEKMANN, 1996; VAN VLIET et al., 2002).
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Temperature sum is the accumulated temperature
above a certain thereshold value from a certain start-
ing date, calculated by the progressive addition of
mean daily temperatures (HAVLICEK, 1986; DIEK-
MANN, 1996; BAGAR, KLIMANEK, 1999; BAGAR,
NEKOVAR, 2007). For the calculation of tempera-
ture sums, most commonly a treshold value is used
whitch defines the beginning of the thermal grow-
ing season, usually 5 °C. The temperature sum dur-
ing the growing season is referred to as the effective
temperature sum (TUHKANEN, 1980; HAVLICEK,
1986; LAPPALAINEN, 1994, DIEKMANN, 1996;
BAGAR, KLIMANEK, 1999; BAGAR, NEKOVAR,
2007). In the first half of the year, the date of the on-
set of individual phenophases is dependent above
all on the exceeding of certain limit temperatures
whilst those that occur in the second half of the year
can be influenced by all environmental factors de-
laying and/or accelerating processes of ripening and
ageing (senescence). Also in this case the tempera-
ture represents the most important because it influ-
ences the photosynthetic activity. Of other impor-
tant factors it nutrient and water reserves and, above
all, the effect diurnal photoperiod should be men-
tioned (LARCHER, 1988).

The expected climatic changes and the associated
effects of negative factors can influence the begin-
ning and subsequent course of basic life processes
of forest ecosystems (KRAMER, 1996). With regard
to possible climatic changes it is necessary to obtain
further detailed data about growth processes of im-
portant woody species (both currently occurring
and native) and - in connection with monitoring of
forest stand microclimate - to contribute to the ex-
planation of ecophysiological phenomena BAGAR
etal., 2001).

MATERIAL AND METHODS

The phenological monitoring of European larch
(Larix decidua Mill.) has been carried out in the study
area of the Department of Forest Ecology, MUAF
Brno since 1992. This site is situated in the Drahan-
ska vrchovina highlands on anorth-east to east slope
of the dividing range in the altitude of 625 m above
sea level below a short ridgy eluvium. Geographi-
cal coordinates of the study arca are as follows:
16°41730""E and 49°26°31""N. From the climato-
logical point of view it is classified as a moderately
warm and moderately humid with a long-term ave-
rage annual temperature of 6.6 °C and with 683 mm
on annual precipitation.

The phenological monitoring was performed regu-
larly in 10 selected sample trees of European larch in
the age of 6% years old. During the spring season, ob-
servations were performed 3 times per week while in
summer and autumn only once per week. Individual
phenological phases were evaluated using our own
scale that was elaborated in cooperation with the Hy-
drometeorological Institute of the Czech Republic.

The following phenological phases are distin-
guished in this study: needle appearance 10%; begin-

ning of foliage formation 10%; beginning of foliage
formation 50%; beginning of foliage formation 100%;
full foliage formation 100% (i.e. fully developed leaf
area); butonization 10%; flowering 10%; flowering
100%; blossom fall 100%, lammas shoots; leaf yel-
lowing 10%, leaf yellowing 100%, leaf fall 10%, leaf
yellowing 100%. As the onset of each phenological
phase that day was defined when at least one half of
sample trees entered into the given phase. In the fol-
lowing analysis and evaluation each date of the onset
of individual phenological phases was recorded un-
der the serial number of the day in the calendar year.
In individual years of the study period, the effective
air temperatures were cumulated for each phenolo-
gical phase. Air temperatures and the amounts of
precipitation were recorded directly in the study
area.

RESULTS AND DISCUSSION

There were considerable differences in the onset
and duration of phenological phases in individual
years of the study period. Besides some other exo-
genous and endogenous effects, air and soil tem-
peratures were the most important factors that in-
fluenced the onset and duration of phenological
phases of woody species (BEDNAROVA, KUCERA,
2002; MERKLOVA, BEDNAROVA, 2005). The time
course of vegetative and generative phenophases of
European larch during growing seasons of indivi-
dual years is presented in Figs 1 and 2, respectively.
The effect of weather on the onset of individual phe-
nophases and their course was manifested also in our
study and corresponded with changing air tempera-
tures. Within the fifteen-year study period a slight
increase in average air temperatures was recorded in
the growing season (i.e. the average number of days
ayear with a 24-hour average temperature of at least
5 °C) and this obviously could influence the onset
and duration of individual phenophases (Fig. 3).

Average dates of onset and duration of indivi-
dual phenophases in European larch as recorded
within the period of 1991-2005 are presented in
Tab. I. The average date of needle appearance (10%)
fell on the Day 99 of the calendar year and its spread
of distribution was 21 days. This observation cor-
responded both with the average cumulative effec-
tive air temperature (34.2 °C) and with the minimum
temperature at which the breaking of needles took
place (8.3 °C). For this phenophase, the measured
maximum was 52.6 °C. In average, the beginning
of foliage formation 10% fell on the Day 110 and its
spread of distribution was 23 days. For this pheno-
phase the average sum of effective air temperatures
was 67.3 °C with the minimum and the maximum
values of 23.7 °C and 124.0 °C, respectively. The be-
ginning of foliage formation 50% was found out on
Day 116 with the spread of distribution of 23 days
and average sum of temperatures 92.4 °C. For the on-
set of this phenological phase the minimum and
the maximum sums of effective temperatures were
31.9°Cand 1663 °C, respectively. The average begin-
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ning of foliage formation 100% was recorded on Day
121 (with arange of 29 days) and the average value of
cumulative effective air temperatures was 124.0 °C.
In this case, the minimum and the maximum sums
of temperatures were 45.3 °C and 210.6 °C, respec-
tively. The stage of full (100%) foliage formation (i.e.
with fully developed leaf area) began on Day 137 of
the calendar year (with the spread of distribution
25 days). In this phenophase, the average sum of ef-
fective temperatures was 236.4 °C and the necessary
minimal and maximal initial sums of temperatures
were 85.4 °C and 340.5 °C, respectively.

The period of photosynthetic activity of the as-
similation apparatus of European larch is finished
by the vegetative phenophase of autumnal yellow-
ing of leaves (needles). In the study area, the aver-
age beginning of leaf yellowing (10%) occurred on
Day 284 of the calendar year and its spread of distri-
bution was 29 days. This observation corresponded
also with the average sum of effective temperatures
(1786.5 °C). In this phenophases, the values of
minimal and maximal effective temperatures were
1284.6 °C and 2 188.6 °C, respectively. According to
CHALUPA (1969), KRAMER (1996), and LARCHER
(1988; 1995), in the European larch the onset of nee-
dle yellowing occurs in the middle of October; this
corresponded also with our results. A complete
(100%) yellowing of needles was recorded on Day
301 of the calendar year (with the range of 28 days).
The average sum of effective temperatures was
18411 °C and the minimum and the maximum

values of 12984 °C and 2 283.8 °C, respectively.
The leaf fall (10%) began in average on Day 302 (with
the spread of distribution 38 days); the average cu-
mulative effective temperature was 1840.2 °C. In
this phenophase, the minimal and the maximal ef-
fective temperatures were 1 298.4 °C and 2 286.1 °C,
respectively. The average phenological phase of leaf
fall (100%) was recorded on Day 322 and its spread
of distribution was only 15 days. In this case, the av-
erage sum of effective temperatures was 1 863.9 °C.
Within the fifteen-year study period, the range of
minimal and maximal cumulative temperatures for
the period from needle appearance to leaf fall (100%)
was 1 301.4 °Cto 2 336.5 °C. Also these data indicate
that within the study period the temperatures were
rather variable and influenced not only the onset
of individual phenological phases but also the total
length of growing season.

In European larch the study of generative phe-
nophases revealed that the variability of their onset
and duration was smaller than in the vegetative phe-
nophase in the spring. In the Drahanska vrchovina
highlands, butonisation (10%) occurred in average
on Day 100 of the calendar year (with the spread of
variation 20 days. The average sum of effective tem-
peratures was 37.3 °C and the minimal and maximal
temperatures of 4.8 °C and 103.7 °C, respectively.
The average onset of flowering (10%) was recorded
on Day 110 (with the spread of distribution in indi-
vidual years of 24 days).

O Needle appearance 10 %

O Beginning of foliage formation 50%
B Full foliage formation 100 %

O Leaf yellow ing 100%

r
O Beginning of foliage formation 10%
M Beginning of foliage formation 100%
O Leaf yellow ing 10%

M Leaf fall 100 %

1: The onset and duration of vegetative phenological phases in European larch during 1991-2005
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In this phenophase, the average sum of effective
temperatures was 58.2 °C. In this phenophase, va-
lues of the necessary minimum and maximum were
was 27.0 °C and 129.7 °C, respectively. Full (100%)

flowering occurred in average on Day 119 and its
spread of distribution was 22 days. For this pheno-
phase the average sum of effective temperatures was
105.0 °C. The fifteen-year minimum was 41.1 °C.
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I: Statistical characteristics of the onset of selected phenological phases in European larch

Statistic characteristics

Calendar Day Sum of temperatures above 5 °C
Phenophase X | s, | R |minmax| X S, R min | max
Needle appearance 10 % 9915221 | 89|110 3421 133 443 83| 526

Beginning of foliage formation 10% | 110| 7.2 | 23 | 99|122| 673 324 | 1003| 237| 1240
Beginning of foliage formation 50% | 116 | 8.0 | 26 [102 [128| 92.4| 421 | 1345| 319| 1663
Beginning of foliage formation 100% | 121 | 9.2 | 29 | 106 |135| 124.0| 56.8| 1653| 453| 210.6

Full foliage formation 100% 1371 63 | 25 [125(150| 236.4| 57.7 | 255.1 85.4| 3405
Butonisation 10% 100| 49 | 20 | 88108 373 | 24.6 98.9 4.8] 103.7
Flowering 10% 1101 8.0 | 24 | 97121 58.2| 30.8| 102.7 27.0| 129.7
Flowering 100% 119| 75 | 22 | 106|128 | 105.0| 43.6 | 142.6 411 183.7
Leaf yellowing 10% 284|8.0| 29 |271|300|1786.5|281.0 | 904.0|1284.6(2 188.6
Leaf yellowing 100% 301| 83 | 28 |288(316(1841.1|292.8 | 985.4|1298.4|2283.8
Leaf fall 10% 3021 9.1 | 38 |274|312]1840.2| 288.0 | 987.7|1298.4|2286.1
Leaf fall 100% 3221 43 | 15 (312 (327]1863.9|298.2 [1,035.1|1301.4(2336.5

Note: X — arithmetic mean; s_- standard deviation; R - spread of distribution; min - minimal values; max -
maximal values

SUMMARY

In the area of the Drahanska vrchovina Upland, spring and autumnal phenological charakteristics
in European larch (Larix decidua Mill.) were monitored and evaluated from 1991 to 2006. The on-
set and the duration of all important developmental stages of plants year by year in dependence on
the course of weather. The effect of weather on the onset of individual phenophases and their course
was manifested also in our study and corresponded with changing air temperatures. Within the fif-
teen-year study period a slight increase in average air temperatures was recorded in the growing sea-
son (i.e. the average numbers of days a year within a 24-hour average temperature of at least 5 °C) and
this obviously coul influence the onset and duration of individual phenophases. The onset of phe-
nological and growth phases in the temperate woody species is influenced by day air temperature
exceeding 5 °C because at the temperature 5 °C plants start or stop growing, reduce metabolic reac-
tions and energy transformation. It was found out that in the first half of the growing season the on-
set of individual phenological phases is dependent above all on temperatures, i.e. on the exceeding of
a certain temperature limits. As usual, the beginning of leaf apperance and their development or on
flowering is possiblle only when the soil and air temperatures exceed a certain critical point, which is
characteristic for each individual phenophase. The induction /onset of individual phenophases does
not depend on threshold values but on sums of temperatures. In the spring, the spread of variation in
the onset of individual phenophases and in their duration was greater than in the autumn.The ave-
rage date of needle appearance (10%) fell on the Day 99 of the calendar year and its spread of distribu-
tion was 21 days. In average, the beginning of foliage formation 10% fell on the Day 110 and its spread
of distribution was 23 days. The average beginning of foliage formation 100% was recorded on Day
121 (with a range of 29 days), the stage of full (100%) foliage formation (i.e. with fully developed leaf
area) began on Day 137 of the calendar year (with the spread of distribution 25 days). In the study
area, the average beginning of leaf yellowing (10%) occured on Day 284 of the calendar year and its
spread of distribution was 29 days. A complete (100%) yellowing of needles was recorded on Day 301
of the calendar year (with the range of 28 days). The average phenological phase of leaf fall (100%) was
recorded on Day 322 and its spread of distribution was only 15 days. After the beginning of autumn
phenophases, the sum of effective air temperatures recorded till the end of growing season ahowed an
increasing tendency in recent years. This fact can influence physiological functions of woody species.
A long -lasting duration of growing season after the onset of the phenophase of yellowing of leaves
can be one of causes of a gradual withering of trees.
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SOUHRN

Sledovani fenologie mod¥inu opadavého (Larix decidua Mill.) v oblasti Drahanska
vrchovina

V oblasti Drahanska vrchovina byly v letech 1991 az 2005 sledovany a vyhodnoceny jarni i podzimni
fenologické charakteristiky u mod¥inu opadavého (Larix decidua Mill.). Po¢étek a trvani dalezitych vy-
vojovych fdzi se m&ni rok od roku podle charakteru po¢asi. Vliv po¢asi na dobu néstupu fenofazi a je-
jich pribé&h je patrny i vnasem hodnoceni a koresponduje s teplotou vzduchu. Nastup fenologickych
arastovych fazi u dfevin mirného pasma je ovlivnén denni teplotou vzduchu pfesahujici 5 °C, ne-
bot pfi teploté 5 °C rostlina za¢ind nebo pFestdva riist, omezuje metabolické procesy a transformaci
energie. BEhem hodnoceného patnéctiletého obdobi doslo ve sledované oblasti k mirnému vzestupu
teploty vzduchu, za velké vegeta¢ni obdobi, coz mtze ovlivnit ndstup a trvani jednotlivych fenofazi.
Bylo zjiténo, Ze ¢as nastupu fenologickych fazi v prvni poloviné vegetaéniho obdobi zévisi pFede-
v3im na dobg& pFekro€eni uréitych teplotnich hranic. Zagatek radent, olistovani ¢i kveteni je mozny
teprve, kdyz teplota vzduchu a ptdy piekroéi kriticky bod, charakteristicky pro kazdou fazi. Pro vy-
voléani jednotlivych fenofdzi nejsou dtlezité prahové hodnoty, ale jejich suma. Pramé&rné datum po-
¢atku raseni modiinu opadavého (z 10 %) za sledované obdobi bylo 99. den od pocétku kalendéaini-
ho roku s variaénim rozp&tim 21 dnfti. Poéétek olistovani z 10 % byl v priiméru 110. den, s varia¢nim
rozpé&tim 23 dnil. Zagdtek olistovani ze 100 % byl v praméru 121. den, rozpéti za sledované obdobi
29 dnii. K plnému olisténi (100 % rozvinuta listova plocha) do3lo v pritméru 137. den od pocatku ka-
lendé¥niho roku p¥i variaénim rozpéti 25 dnti. K pocéatku zloutnuti jehlic z 10 % dochédzelo na sledo-
vané lokalit€ v pramé&ru 284. den pfi variatnim rozpé&ti za patnactileté obdobi 29 dnfti. Ke zloutnuti
jehlic ze 100 % doslo v priimeéru 301. den kalendainiho roku, s variaénim rozp&tim 28 dnt. Fenolo-
gicka faze opad jehlic ze 100 % byla v priiméru 322. den s rozp&tim pouze 15 dnt. Variani rozpéti
nastupu a trvani jarnich fenologickych fazi bylo 3ir3i jak u fazi podzimnich. Ze ziskanych vysledku je
patrné, ze v poslednich letech dochazi k nartistani efektivnich teplot vzduchu, zvld3té v podzimnim
obdobi. Tato skute¢nost muze ovlivnit fyziologické funkce d¥evin a dlouhodobé prodluzovéni vege-

oy

tatniho obdobi po néstupu fenofdze zloutnuti listi mtiZe byt p¥i¢inou chfadnuti dfevin.

fenologie, klimatické zmény, po¢asi, teplota vzduchu, modiin opadavy
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