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Abstract. This study is aimed to investigate impact of clienevarming on timing of lime phenological springi¢b
burst and leaf unfolding) and phenological aututeaf(colouring and fall). An essential shift in tirg of all investi-

gated phenological phases is detected. The mosfisant advancing was detected in the case ofessaiphhenologi-
cal phase. Shift of bud burst dates during invastig period (1956-2010) consisted 13.5 days. 8hifining of leaf

unfolding was detected to be not so essential andisted 9.7 days during the same period. Theclelaturing of

lime has been delayed by 10 days and leaf falla@mately by 12 days during the study period. Aasequence
of observed changes in spring and autumn phenolrgwing season of lime has been extended by 22/6 during

1956 -2010 period. Occurrence of lime leaf unfaddia best correlated with late winter (Januarybrbary) and

early spring (March) temperature, i.e. with tempe@ of most warmed during last decade’s monthsatielship of

leaf colouring and fall timing with temperaturenigich weaker and in most cases statistically inBamit, indicating

that timing of phenological autumn is more compgbeacess and can‘t be explained only by changesmpérature.

Keywords: climate warming, phenology, lime, temperaturecimi¢ation.

1. Introduction temperature while precipitation is much less iniltiag
factor (Wielgolaski 1999; Krameet al. 2000). Most of

The effects of global climate warming on species$ an pheno-climatic studies detected significant coti@tabe-
ecosystems are becoming progressively apparenhgluritween early spring phenology (bud burst, leaf wdifg)
last decades (Menzel 2000; Wielgolaski 2003; Yand a and rising temperature, but impact of climate wagrio
Rudolph 2009). Phenological studies have traditipna autumn events (leaf coloring, leaf fall) is notcmsistent
investigated the timing of key events of plant seatde- and in some cases even advanced end of growingrseas
velopment, i.e. bud burst, leaf unfolding, flowegyideaf was detected (Clelarat al.2007; Vitasset al. 2009).
fall etc. An essential renovation of phenologycasnected Data of different studies on the impact of climate
with climate change, and particularly with climaarm-  warming to tree phenology have showed that varicess
ing studies (Krameet al. 2000; Garcia-Mozet al. 2010).  species react differently to various climatic fast®/ielgo-
Long-term observations of plant phenology are @mred  lasky 2003; Primac and Ibanes 2009; Simatoayid Zei-
as one of the most sensitive instruments to datetguan- maviius 2009). At the same time it was detected that th
tify the impact of climate change on vegetationderet  same species in different regions react differeitlglimate
al. 2000; Walter 2010) warming (Kozlov and Berlina 2002; Spasiksal 2010).

Most current phenological studies has showed that This study is aimed to investigate changes in timin
climate warming has an essentially advanced thiediio  of phenological spring and phenological autummitif
cal spring including such phenological phases afifsl as cordatal. along to climate changes.
bud burst, leaf unfolding, and delayed biologicatuann,
i.e. leaf coloring and leaf fall (Menzet al. 2006; Tailor 2. Methods and material
et al. 2008). The shift of plant phenological phases and

lengthening of vegetation period may cause esseutia Data of long tern{1956-2010) phenological obser-
sequences for different ecological processes, algrie  vations in Vytautas Magnus University botanicaldgar
and forestry (Clelandt al. 2007; Pefiuelast al. 2009). were used for this study. Botanical Garden (ladtud

In temperate climate conditions changes in timihg 054'5'N, longitude 2%'E, altitude 84 m) occupies the area
tree phenology are detected to be mainly dependent of 62.5 ha and is located 3.3 km from Kaunas cétytie,
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remotely from intensive traffic, industry and higbncen- phenophase has advanced 13.5 days during investigat
tration of multistorey houses. period (0.25 days per year, R = 0.4; 0.01). It is neces-

Phenologicabbservations were performed accordingsary to note that most of the earliest dates oftaudt oc-
to standard procedures described in the Methodmbgi curred in the last two decades (Fig 3).

Guidelines for Phenological Observation (Gavenasiska

and Lamsodie 2004). Bud burst and leaf unfolding are s
chosen as indicators of phenological spring, leddwing 800
and leaf fall — as indicators of phenological auturfihe
length of growing season was determined as periou f
Tilia cordataleaf unfolding to the end of leaf fall.

Monthly temperature and precipitation data were ob-
tained from Kaunas Meteorological Station (Lithuami
Hydrometeorological Service under the Ministry aivie
ronment), located 3.6 km away from the Botanicat-Ga
den (latitude 59'N, longitude 2B'E, altitude 76 m).
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ated. Dates of phenological phases occurrence twaers-
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Fig 2. Linear trend of annual precipitation in Kaunas re-
gion from 1956 to 2010
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3. Results
3.1. Trends in temperature and precipitation from
1956 to 2010
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The values and linear trend of mean annual temperi
ture are presented in Fig 1. The mean annual textper
increased significantlyp(< 0.05) at rate 0.03°C annually, 80
corresponding to total change of 1.62 °C for 1966
year, period. 70
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Fig 3. Appearance date of bud burst of lime, 1955610

The appearance dates of lime leaf unfolding are
shown in Fig 4. A significant changes in timing leaf
unfolding (0.18 per year, R = 0.36= 0.01) can be seen as
well, however advancing of leaf unfolding was notes-
sential as bud burst and consisted 9.72 days da9566-

y =0.03x - 55.25 2010 period.

R = 0.50, p = 0.000

Mean annual temperature (T)
~

T T T T T 150
1955 1965 1975 1985 1995 2005 y=-0.18 x+ 480.95

Year 145 R =0.36,p=0.01

Fig 1. Linear trend of mean annual air temperature in
Kaunas region from 1956 to 2010

Precipitation (Fig 2) increased by 65.88 mm over th
same period i.e. 1.22 mm per year on average laut tt
increase was not statistically significapt0.07).

Time of occurrence (DOY)

3.2. Changes in spring and autumn phenophases

In Fig 3 the dates of appearance of lime spring 100

phenophase — bud burst throughout the study peric o o 198$ear o o e
(1956—-2010) are presented. A significant trend tdvam _ ) _
earlier occurrence of bud burst was determined taisd Fig 4. Appearance date of leaf unfolding of lime, 195610
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Changes in the occurrence of autumn phenophas
over the study period showed opposite trends (Fagndd
6). The occurrence of the coloring of leaves wdayebel
10.1 days during investigated period though thadre
toward later coloring of leaves was not statistjcaig-
nificant (R = 0.19p = 0.19).

300

y=0.18 -115.27
R=0.19,p=0.19

290

280

270

260

250

240

Date of occurrence (DOY)

230

220

210

1960 1970 1980 1990 2000 2010

Year

Fig 5. Appearance date of leaf coloring of lime, 195610

Delay of leaf fall was more essential (R = 0.85;
0.01) as compared to delay of leaf coloring andurec
11.5 days later in 2010 than in 1956 (Fig 6).
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Fig 6. Appearance date of leaf falling of lime, 192610

As a consequence of observed changes in springuand
tumn phenology, growing season of lime has beesndzt
by 22.6 days during 1956 -2010 period (0.42 dayyesr).

3.3. Relationship between climatic indicators and®@
currence of lime phenophases

Data on correlation of timing of investigated
phenological phases and climatic indicators (tewrupee
and precipitation) are presented in Table 1. Respom
the timing of spring and autumn phenophases waeclo
related with air temperature than with precipitatitMean
monthly temperature regimes prior to phenophasetons
had a strong and significant impact on the timirfg o

epring phenophases. Bud burst and leaf unfolding wa
negatively correlated with the temperature of thenths
previous to the phenophase € 0.01). The average air
temperature had no significant influence on thengrof
leaf coloring p > 0.05). The leaf fall was positively re-
lated with temperature also with month’'s tempematur
prior to this phenophase (Table 1).

Table 1. Correlation between mean monthly temperatures and
precipitation and the timing of investigated phegital phases

Climatic Phenological phase

indicator | Bud burst Leaf unfolding
T -0.41
T, -0.51 -0.38
T3 -0.49 -0.46
T, -0.60
P, 0.02
P, -0.42 -0.12
Ps -0.14 -0.19
P, -0.03

Leaf coloring End of leaf falling

Tsg -0.15 0.16
T -0.25 0.30
Tio 0.10 0.33
Ps 0.13 -0.21
Py 0.05 0.02
P10 -0.09 -0.22

Note* Number beside the T (temperature) and P (preatipit)
are values corresponding to number of month (Te.means
temperature of January)

As it was already mentioned, relationship between
precipitation values and timing of investigated mie
phases was much weaker. A significant negativeioala
ship was detected between the February precipitaitial
bud burst of lime§ > 0.05) indicating that less precipita-
tion, thick snow layer promote advancement of bust

4. Discussion

On the basis of 54 year phenological data set for
Tilia cordata an essential impact of climate warming on
it's phenology was detected. The changing phenology
was reflected as advancing in spring events (budtbu
and leaf unfolding) and delay in autumn eventsf (bede
oring and fall). The most significant advancing veies
tected for bud burst dates and during investigaeibd
(1956-2010) consisted 13.5 days. A significant change in
timing of leaf unfolding was detected as well, hoew
advancing of leaf unfolding was not so essentiabad
burst and consisted 9.7 days during the same pelriod
our study determined mean advancing of bud burdt an
leaf unfolding (2.5 and 1.8 days per decade) matpine-
vious results concerning the Europe-wide and remion
trends where the mean advance of spring phenologica
phases was 2.5 days per decade (Menzel and Fabian,
1999; Defila and Clot 2001; Menzel 2003). In Lithisa
the analysis of trends of various species changes i
phenology also shows that the onset of spring svisnt
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becoming earlier (Romanovska and Bak8ig07; Kal- and increased biomass formation. This lengthenfrie

vaneet al. 2009; Veriankai et al. 2010). growing season allows trees to remove more carima d
According to the most investigations impact of cli-ide from the atmosphere each year and this phenmmen

mate warming to autumn events (leaf coloring, Fedj in turn, reduces the annual rate of rise of th&s &0,

is not so consistent and in some cases even advamck content (Whiteet al 1999). However, warmer and drier

of growing season was detected (Chmielevski andd®pt summers in recent years are able to offset thectagpe

2001; Clelancet al. 2007; Vitasseet al 2009). However, increase in productivity of forest ecosystems (&idlet

in our study shift of phenological autumn was redsl al. 2007). More deep investigations on relations betwe

essential than shift in phonological spring. Lealbaring  longer growth season and climatic changes needée to

of lime has been delayed by 10 days and leaf fall a performed.

proximately by 12 days during the study period. imgk

into account thafTilia cordata is a warmth-demanding 5. Conclusions

tree species (Hememt al. 2010), growth of lime is fa-

vored by higher temperature during the warmer antum 1. An essential shift in timing of investigated pbiogi-
Analysis of correlation between temperature and oc- cal phases is characteristic feature of lime respdn

currence of investigated phenophases has confirmed climate warming. .The changing phenology was re-

significant influence of climate warming on timiraf flected as advanced phonological spring (bud bamst

spring phenological events. Shift in spring phegaal leaf unfolding) and delayed phenological autummaf(le

phase was significantly correlated with temperature coloring and fall).

changes, especially with temperature 8 Znonths pre- 2. The most significant advancing was detectedhia t

vious to the phenophase € 0.01). Negative relationship  case of earliest phenological phase. Shift of bucsth

between spring phenophases (bud burst and leafdinfo dates during investigated period (198610) consisted

ing) and mean temperature of months proceedinido t 13,5 days. Shift in timing of leaf unfolding was-de

onset of the phenophase indicated advancementoef bi tected to be not so essential and consisted 9§ dlay

logical spring along with it warming. ing the same period.
While spring phenological changes were signifioant! 3 The |eaf colouring of lime has been delayed bylays
correlated with temperature, the correlation betwtéaing and leaf fall approximately by 12 days during thedy

of autumn phenophases and temperature was detedied
much weaker. However, lime leaf fall was signifitargp

< 0.05) correlated with mean temperature of Sepéemb
and October (Table 1).

Leaf colouring was not significantly related with
temperature neither with precipitation. As it wésted b : : o .
Chrr?ielewski and Rb‘tzerp (2081), autumn phenology is temperature In th.'s period is most decisive for ane
more complex process and it is impossible to erpllae nual tlmlng gf spring. ) o
beginning of biological autumn only by mean tempera5- Relat|0nsh|p_ of leaf colouring a_nd fall tlmlng|t_lw _
ture. Further investigations are needed to defieer¢la- temperature is much weaker and in most caseststatis
tive importance of other autumn climatic indicatstsh cally insignificant, indicating that timing of phelogi-
as wind, sunshine and photoperiodic factors on de&f cal autumn is more complex process and can't be ex-
ouring which are reported to regulate autumn pheno- Plained only by increased temperature.
phases more strongly than temperature (Menzel 2002)
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