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DENDROCLIMOTOLOGICAL RESEARCH OF SCOTS PINE IN STAND
OF THE LEFT-BANK FOREST-STEPPE OF UKRAINE

Purpose of this research was to detect influence of climatic change on pine radial increment in stand in the
Left-bank Forest-steppe of Ukraine as example 100-years-old stand at State Enterprise 'Kharkiv forest scientific
research station’. Methods. Dendrochronological. Method of correlation function and multiple regressions (re-
sponse function) were used to analyze the influence of climatic factors on tree radial increment. For this purpose
computer program RESPO was used. Results. Tree ring series were built and were used for correlation analysis
between climatic factors and pine radial increment for two periods: 1960-1988 and 1988-2016.Years of mini-
mum (1933, 1942, 1956, 1972, 1976, 1976, 1987, 1992, 2002, 2006 Ta 2012) and maximum (1933, 1942, 1956,
1972, 1975, 1976, 1979, 1979, 1979, 1987, 1992, 2002 ta 2012) of radial increment were detected. Depressions
of pine radial increment were as a result of negative weather conditions: low and high winter and early-spring
temperature, droughts during vegetation period. Maximums of radial increments were depended on favorable
weather conditions for pine radial growth. Correlation and Response analysis for two periods showed that in-
crease of temperature and precipitation, excluding winter precipitation, changed response of forest ecosystems to
climatic change: if in first period (1960-1988) radial increment limited by April temperature and together July
temperature positively influenced on radial growth, in second period (1988-2016) June temperature negatively
infuenced on radial increment. Slight increase precipitation during vegetation period could not soften impact if
high temperature during vegetatation period on tree radial increment. Conclusions. At comparison 1960-1988
and 1988-2016 it was detected that during first period positive influence of summer temperature on radial growth
was distinctive and for second period one started to limit increment (negative influence) were detected. Slight
increase of precipitation for vegetation period in second period significantly didn’t influence on pine radial
growth. In second period increase of winter temperature and number of thaws negatively influenced on soil
moisture, decreased of tree ring widths.
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JEHJIPOKJIMATOJOITYHI JOCJIJKEHHS COCHU 3BHYAMHOI B HACAKEHHI
JIBOBEPEJKHOI'O JIICOCTENY YKPAIHM

Merta. BusiineHHs BIUIMBY 3MiH KJIIMaTy Ha pagiadbHUNA MpHUpicT cocHU B JIiBOOEpe)KHOMY CTEITy Ha MPHK-
nani 100-piunoro cocHoBoro Hacamkenus JIIT «Xapkiscepka JlicoBa HAYKOBO-IOCIqHA CTaHIlis». MeToau. JleH-
npoxpoHonoriyHi. Pe3yabrarn. CTBOpEeHO AEpeBHO-KUIBIEBI XPOHOJIOTI], sIKi BUKOPHUCTAHO Y BCTAHOBJICHHI
3B’SI3KIB MK KIIIMaTHYHUMH YHHHUKAMH Ta palialbHUM IPUPOCTOM COCHHU 3a JiBa nepioau: 1960-1988 ta 1988-
2016 pp. Kopensmiitanii aHami3 Ta yHKIIS BIATYKY 3a JABa MEPioAM MMOKa3aiy, 0 IpH 301UIBIIEHH] TeMIIepaTyp
Ta KUTBKOCTI ONaiiB (BUHATOK — 3MMOBI OITaJi) 3MIHIJIACS PEAKIlis JICOBUX €KOCHCTEM Ha 3MiHHU KIIIMATy: TakK,
AKIO B mepmiomy tepiozi (1960-1988 pp.) pamiansuuit mpupicT 0OMexyBanu KBITHEBI TeMIIEpaTypH, BOIHOYAC
MO3UTHBHO BIUTMBAJIM JIMIIHEBI TEMIEPATYpH, TO y Apyromy nepioi (1988-2016 pp.) uepBHEBI TeMIlepaTypH BxKe
HETaTHBHO BIUIMBAIN Ha NpupicT. HesHauHe 301IpIIeHHS KUTBKOCTI OMAaJiB 3a BEereTalliifHUHA 1epio He 3MOTIIH
MOM’SIKIIMTH BIUIMB BHCOKHMX TEMIIEpaTyp BETeTaIliifHOTO mepiogy Ha panianbHuil mnpupict. BucHoBkm. Ilpu
nopiBHsiHHI 1960-1988 Ta 1988-2016 pp. BUSBICHO, 110 SKIIO YIS NEPIIOrO Mepioy XapakTepHUH NO3UTHBHUM
BIUTUB JIITHIX TeMIIEpaTyp Ha pafiadbHUI NPUPICT, TO AJSL APYTOro Mepioly BOHU MMOYMHAIOTH 00MEXyBaTH IpH-
pict. He3naune 30UIbIICHHS KITBKOCTI OMAaJiB 3a BETreTalliMHUN Tepiof y Apyromy TNepiogi He 3MOTJIO
MOM’SIKIIIMTH BIUIMB BUCOKHMX TEMIIEpaTyp Ha pajJiajbHUM MPUPICT JepeB.

Kniouogi crosa: paniabHAN IPUPICT, COCHA 3BUYAIHA, 3MIHU KIIiMaTy
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SVipaunckuii nayuno-uccnedosamensekuti UHCMUmMym 1ecHo20 X0381iCMed U azponecoMenopayuu UMeHu
I". Bvicoykozo

JEHJIPOKJIAMATHYECKHUE MCCJIEIOBAHUS COCHBI OBBIKHOBEHHOMW B HACAXK-
JIEHUU JIEBOBEPEKHOM JECOCTENMN YKPAUHBI

Hean. Boipnenne BIusHASA U3MEHEHNH KIIMMaTa Ha pagHabHBIN PUPOCT COCHBI B JIeBoOepexHOM cTenn
Vkpaunsl Ha mnpumepe 100-nmetHero cocHoBoro HacaxaeHus ITI «XapbkoBckas JecHas HaydHO-
ucciefoBarenbckas craHius». Meroabl.  JleHapoxpoHonorndeckue. PesyabTarhl. Co3maHbBl  JIpeBECHO-
KOJIBLICBBIE XPOHOJIOTUM AJISI YCTAHOBJECHUS CBA3EH MEXIy KIMMAaTHUYECKHUMHM IOKa3aTeNsIMH M pPajuaIbHBIM
MIPUPOCTOM COCHBI 3a 1Ba nepuoza: 1960-1988 ta 1988-2016 rr. KoppensamuonHsiii aHamu3 U GyHKIHS OTKIIIKA
3a JjBa MEPHOAA MOKA3a/I1, YTO MPH YBEIMUECHUHN TEMIIEPATYpP U KOJTHIECTBA OCAIKOB (MCKIFOUCHUEM CTalll 3HM-
HHE OCaJIKi) U3MEHMIIACh PEAKLUs JIECHBIX €KOCHCTEM Ha BapHallMM yCIOBUH NMpUpOIHOH cpenbl. Tak, eciu B
nepBoM miepuoze (1960-1988 rT.) paananbHBINA MPHPOCT OTPaHUYUBANN ANPETbCKUE TEMIIEPATYPEL, B TO K€ Bpe-
Ms Ha TIPUPOCT TIOJIOKHUTEIFHO BIMSIN JETHHE (MIOJIBCKHE) TEMIIEPATYPhl, TO BO BTOPOM IEPUOJIC JIETHUE TEM-
neparypsl (MIOHBKHE) CTaIH HETaTHBHO BIMATH HA NMPUPOCT JepeBheB. He3HaUNTENbHOE YBEITHUCHNE KOJIHYECT-
Ba OCAJKOB 3a BEreTallMOHHBIN NEepPHOJ] HE CMOIJIO CMATYUTH BIMSHHE BBICOKMX TEMIIEpPAaTyp BereTaliOHHOTO
nepuojia Ha paauanbHbIi pupocT. BeiBoabl. [Ipu cpaBHennu 1960-1988 u 1988-2016 rr. BBIABIEHO, YTO JAJIS
MIEPBOTO MEepHOJa XapaKTepPHO MOJOKUTEIbHOE BIMIHUE JIETHUX TeMIepaTyp Ha paAuaibHbIM IPUPOCT, OJHAKO
JUI BTOPOTO IIepHOJia OHM HAa4YMHAIOT OIpaHHMYMBATh IMPUPOCT JepeBbeB. He3HaunTenbHOE yBeIMUeHHE KOIUde-
CTBa OCAJKOB 3a BEreTallMOHHBIN NEepHO]] HE CMOIJIO CMATYUTH BIMSHUE BBHICOKHX TEMIIEPATyp BEreTalliOHHOTO
[EpUOAA HA PAIUAJIbHBIN IIPUPOCT.

Kniouegvie cnoga: paananbHBIA IPUPOCT, COCHA OOBIKHOBEHHAS, N3MEHEHHS KJIMMara

Introduction

For the past 100 years temperature in- The current increase of average tempera-
creases by 0.4-0.6°C in Ukraine [1].This cli- ture caused to necessity of adaptation of forest
matic change will be able to move natural ecosystems to new conditions. Study of change
habitats and borders of forest areas, changes of of response of forest ecosystems to change of
dominant tree species and level of resistance of climate is very important. By reason of tree
forest ecosystems [3]. As result of growing of rings record not only information about chang-
stands in relatively favourable climatic and soil es in natural environment, also the tree re-
conditions, to reveal complex of factors limited sponse to these changes. So tree rings will able
tree growth sometimes enough difficult be- to be as biological indicators and integral fac-
cause it changes during calendar year. tor of state of forest ecosystems.

In previous studies it was elicited tree Aim of this study was elicitation of in-
ring formation in stands growing in conditions fluence of climate change on pine radial
of temperate climate are limited by tempera- growth in stands of the Left-bank Forest-steppe
tures of the growing period, early spring and in Ukraine on example 100 year old pine stand
winter, as well precipitation for the growing in South forestry.

period [4, 5, 6, 8, 9].
Materials and methods

Dendrochronological methods were used trees. The widths of early and late wood were
[2, 10, 11, 12]. Pine cores were collected in measured using LINTAB (measuring system is
100 years old pine stand growing at the State widely used in dendrochronology) and the
Enterprise ‘Kharkiv forest scientific research TSAP software in dendrochronological labora-
station’ (quarter Nel59, board Ne2, latitude tory at Institute of Geography, Friedrich-
50°03°27”N, longitude 36°21°08”E). Main tax- Alexander-Universitat Erlangen-Niirnberg.
ation indices of planting: average height of Dating of tree rings was carried out to deter-
trees is 24 m, average diameter trees is 42sm, mine calendar date of formation for each tree
estimated productivity 1, type of forest B,-dC ring. Quality of tree ring dating was checked
(fresh pine-oak subor), degree of density 0.6, using the program COFECHA [9, 10]. Com-
tree volume for 1 ha /310 m°. mon tree ring chronology was built on the base

Cores were taken by Pressler borer at of tree ring chronologies for tree ring width for
1.3 m of trunk of dominant and undamaged each tree by averaging ones.
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Indexing of tree-ring chronologies was
realized using the program ARSTAN to move
away age trend. This makes it possible to ana-
lyze response of pine radial growth to climatic
factors using the program RESP from the pro-
gram set DPL [10]. We used index tree ring
STANDART to analyze influence of climate on
pine radial growth because the best results were
gotten with this tree ring index chronology.

Correlation analysis and multiple regres-
sions were used for revelation of influence of
climate on radial growth by the program RE-
SPO. Values of STANDART chronology were
used as independent variables while the aver-
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age monthly air temperature values and the
average monthly precipitation values for 1959-
2016 for the period from June to September of
the current year, have been applied as varia-
bles. The data of the Kharkiv meteorological
station at the airport (49 ° 55'N, 36 ° 17'E, 152
m altitude) for the period 1959-2016 was used.
The average monthly temperature and monthly
precipitation values for the Kharkiv meteoro-
logical station are presented on fig. 1. The
most warm (21.9 °C) and humid (70 mm)
month was July, and the coldest month — Janu-
ary (-4.6 °C). The minimum precipitation was
noted in March.

T 250
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Fig. 1 — Climatogram of Kharkiv Meteorological Station

Results and discussion

The dynamics of the pine radial growth
for all types of wood is presented in Fig. 1. The
years of minimum and maximum growth, which
are called the pointer years, in which about 90%
of trees have the same growth trend are re-
vealed. Years of minimal growth: 1933, 1942,
1956, 1972, 1976, 1976, 1987, 1992, 2002,
2006, and 2012; years of maximum growth:
1933, 1942, 1956, 1972, 1975, 1976, 1979,
1979, 1979, 1987, 1992, 2002, and 2012 (Fig. 2).

Depression of the pine radial growth
was due to negative weather conditions (low
and high winter and early spring temperature;
droughts during the growing season). Maxi-
mum radial growth was as result favorable
weather conditions (Fig. 2, 3, 4).

Climatic indicators during two periods
(1960-1988 and 1988-2016) were compared. In
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the last years of 1988-2016, compared with
1960-1988, the average annual temperature
increased by 1.2 ° C, during the growing sea-
son — by 0.9 ° C, during the winter — by 1.7 ° C
and in March — at 2.1 ° C. Low increase in
precipitation for growing period (by 19 mm),
and at the same time, the winter precipitation
decreased by 15 mm were noted (Table 1). The
biggest changes occurred for winter and early
autumn temperatures.

For 2009-2016 a significant increase in
temperatures during the growing season was
noted, which negatively affected the radial in-
crement (Fig. 1, 2.). Deviation from the norm
of this temperature was 9% (1.7 ° C), while the
indices of radial growth decreased by 4% dur-
ing this period.



Jlroouna ma oosxinns. Ilpobremu neoexonozii. Ne 3-4 (28), 2017

8 2
7 &R \ 18
Vi I L s
6
=l i
- 5 A A /\A =
= T+ 12
<
oSl a g PV MM AR A AA o NS
N T Z R TASAAMMAR VI
= R +08 &
8 37 ¥ V
[ + 06
2
+ 04
1 7
® 1 0.2
0 HHHHHHHHHHHHHHHHH A O
1925 1931 1937 1943 1949 1955 1961 1967 1973 1979 1985 1991 1997 2003 2009 2015
Years
—o— Tree ring width === STANDART chronology
Fig. 2 — Dynamics of the tree ring chronology and the index tree ring STANDART chronology
25

Temperature, °C

Years

Mean temperature for: —@— year = [V-VIIl months —¥— winter months

Fig. 3 — Dynamics of temperature (data of the Kharkiv meteorological station)

800

700 A A

600 -

500 -

400

300

Precipitation, mm

200

100

0
1960 1964 1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016

Years

CepenHs cyma onapis 3a: = pik —@— IV-VIIl micsaui —— 3umy

Fig. 4 — Dynamics of precipitation (data of the Kharkiv meteorological station)

69



Man and environment. Issues of neoecology. Ne 3-4 (28), 2017

Table 1

Difference between climatic factors and STANDART index chronology for two periods:
1960-1988 and 1988-2016

Periods, years Difference in% between first
' and second periods
1960-1988 1988-2016
Average temperature (°C)
Year 75 8,7 14
IV-VIII months 16,8 177 5
winter 53 36 32
111 month -0,67 18 63
Precipitation (mm)
year 542 579 7
IV-VIII months 258 277 7
winter 134 119 -11
Index tree ring chronology STANDART
0,98 0,95 -4

The correlation coefficient (0.44) be-
tween tree ring chronologies for all trees allows
realization of correlation analysis between radi-
al growth and climatic factors (Table 2).

The coefficient of autocorrelation of the
first order, which characterizes how closely

tree ring width of the annual ring of this year is
related to the tree ring width of the previous
year[11], was high (Table 2). This indicates the
favorable forest and climatic conditions for
growing pine stands.

Table 2

Statistics of tree-ring chronology of pine annual tree ring width and pine index tree-ring chronology

Inter- Average, Average Number Internal
mm / rag Standard | Autocorrelation . :
val, . sensitivity - tree rings, correlation
relative deviation 1st order . .
years . pieces coefficient
units
Radial 1925- 2,63 0,21 1,62 0,88 810 0,44
growth 2016
S* 1925- 1,00 0,133 0,179 0,57 809
2016

*~STANDART index-tree chronology

The correlation analysis and the response func-
tion for two periods showed that with the in-
crease of temperatures and precipitation (the
exception is winter precipitation), the reaction
of forest ecosystems to the influence of climate
changes, as in 1960-1988, the radial growth
was limited the low April and high July tem-
peratures, then later, in 1988-2016 negatively
affected the radial increase of September tem-
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peratures of the previous year which are influ-
ence on winter wet accumulation, and the neg-
ative influence of June temperatures. There
was a slight increase in precipitation, but on
the background of high temperatures negative
correlations between the indices of radial
growth and precipitation became more in the
second period than in the first one (Fig. 5).
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Fig. 5 — Correlation analysis and analysis of the response function for the average monthly temperatures and the
STANDART index chronology for annual tree ring widths. Significant correlations at 0.05 level are indicated by
gray columns, and significant correlations between temperatures and radial growth are marked by black circles

In the first period of 1960-1988, there
was a positive effect of precipitation on radial
growth in the 1960-1988 because on the back-
ground of low winter temperatures there was
moisture accumulation in the soil, but in the
next years 1988-2016 this influence became
opposite - negative, which is probably due to
an increase in winter and early spring tempera-
tures, which did not contribute to the formation
of a constant snow cover. As a result of thaw-
ing during the winter there was no moisture

accumulation at the level of the past 1960-
1988., which negatively affected the formation
of tree ring widths.

D.V. Tishin [7] also showed an increase
in the negative effects of winter precipitation
on radial growth, due to the increase in winter
temperatures and flooding over the past years.
Such a reaction of radial growth to the influ-
ence of winter precipitation can be due not on-
ly to climate fluctuations, but also to changes
in groundwater levels.

Conclusions

At comparison 1960-1988 and 1988-
2016, it was revealed that for the first period,
the positive influence of summer temperatures
on the radial growth is characteristic, while for
the second period they begin to limit the radial
growth. A slight increase in precipitation for
growing period could not mitigate the negative
influence of high temperatures on the for-
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mation of tree rings. In the second period, the
increase of the negative influence of winter
precipitation on growth, which was caused by
an increase in winter temperatures and thaw,
was found to have a negative effect on the wet
accumulation of soil and the formation of an-
nual pine rings.
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