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Abstract

The article presents the results of studying the dynamics of radial growth of aspen trees in arid conditions on the northern
border of the forest-steppe zone of the European part of Russia in the Mordovian State Nature Reserve named after P.G.
Smidovich. As has been establish the formation of annual rings has a cyclicity about 11 years, which coincides with the cycle
of solar activity. However, the formation of abnormally narrow annual rings can occur outside of this cycle, non periodically.
The great above average monthly temperatures of the summer months have a negative effect on the formation of the annual
ring next year. Also, the combination of increased precipitation in May with reduced precipitation in June in the year of the
formation of the annual ring leads to the formation of extremely narrow annual rings too. The years with increased
precipitation in June are favorable for growth.
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NCCJEAOBAHUE TUHAMUKH PATUAJIBHOI'O ITPUPOCTA OCHUHBI
(POPULUS TREMULA L.) HA CEBEPHOU I'PAHHUIE JIECOCTEITHOH 30HbI
EBPOIIEMCKOHN YACTH POCCHUHU (MOPJJOBCKHNMU 3AITIOBE/IHUK)

Hayunas crates

AHHOTAUMSA

B cratbe MPCACTABJICHBI PE3YJIbTAThl H3YYCHUA AWHAMHUKH pPaJUaJIbHOI0 MNPHUPOCTa ACPEBLEBOCUHBLI B 3aCYHUIMBBIX
YCIIOBHUSIX Ha CEBEPHOM rpaHHmlIe JecocTenHoi 30HbI EBponeiickoil yactu Poccun B MopioBCkOM rocyjapCTBEHHOM MPUPOIHO
3amoequrke uMeHd [1.I. CMumoBuda. YCTaHOBICHO, YTO (DOPMHUPOBAHUE TOJAWYHBIX KOJEI UMEET IHUKIUIHOCTh OKoJio 11
JIET, YTO COBMANACT C MUKIOM COJHEYHOH akTHBHOCTH. OJHAKO (OPMHPOBAHUE AaHOMAJIBHO Y3KHX TOJUYHBIX KOJEI] MOXKET
MPOUCXOJUTh W BHE OSTOr0 LMKJIA, alepUOJIMYECKU. BBICOKHE MecCSYHbIe TeMIIepaTypbl JIETHUX MECSLEB OKa3bIBAIOT
OTPHIIATENIFHOE BIUSHHUE HA (DOPMUPOBAHKE TOJUYHOTO KOJbIIA B CISAYIOMEM roay. Takke K (pOPMHPOBAHUIO IKCTPEMAITBEHO
Y3KUX TOANYHBIX KOJICIT BEACT COUCTAHNUEC MMOBBINICHHBIX OCAAKOB Mas C MOHMXCHHBIMU OCaJIKkaMH UIOHA B I'OJJ (I)OpMI/IpOBaHI/IH
TOAUYHOT'O KOJIbI1A. EJ’[aFOHpI/IﬂTHBI JUIA poCTa roJibl ¢ IMMOBBIIIEHHBIM KOJIUYCCTBOM OCAAKOB B UIOHE.

KaroueBble cj10Ba: TOIMYHBIE KOJIbIA, JEHIPOXPOHONIONHS, AeHapokIuMaTosorus, Populus tremula L., MopmoBckuii
3aII0BECIHUK.

1. Introduction

European aspen (Populus tremula L.) is a mesophytic tree species, wchich has a continuous area of distribution in Russia
in the forest zone. Due to the low drought resistance of this species, it can be expected that at the southern border of the forest
tree-ring chronologies of aspen will contain a clear drought-dependent climatic signal. This kind of information has interest
from the point of view of reconstruction and forecasting of droughts on the territory of the Russian Plain, as well as from the
point of view of forecasting the reaction of aspen forests to global climate warming. The aim of the research was to establish
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the own features of radial growth dinamics of aspen in Mordovian Natural Statae Reserve wchich is situted near the north
border of forest-steppe zone of Russian plain.

2. Methods

Mordovian State Nature Reserve named after P.G. Smidovich was founded in 1990. Its territory is located near the border
of forest and forest-steppe zones in the conditions of the European part of Russia. The trial area was laid out in the Pushkin
district forestry in block 441 of allotment 6. Stand composition at the plot: 9 Aspen 1 Birch + Scots Pine + Lime. Undergrowth
composition was Acer platanoides L. and Populus tremula L. Understorey composition was presented by Corylus avellana L.
Forest live cover compositionat at the plot: Gymnocarpium dryopteris (L.) Newman, Anthyrium filix — femina (L.) Roth ex
Mert., Dryopteris filix — mas (L.) Schott, Asarum europaeum L., Gleochoma hederaceae L.

The average diameter of studied trees is 36 cm and average height is 32 m. The most part of trees stems had fruit bodies of
Phellinus tremulae ore had signs of the development of rot in the trunk wchich was found on the cores. Apparently, all the
trees are of the same age, approximately 85 years old. We took 1 test core from each recorded tree at the height of 1.3 m in
September 2017. Holes in the stem were mended by tree-pruning paste. Test cores were placed in paper bags of a special form,
labeled and taken to the laboratory. The tree rings were measured by using Lintab with accuracy 0.01 mm and after that cross
dated by using computer program TSAP Win. Aspen is a species with unclear understanding of border between annual tree
rings. For easier measuring the cores were scolded by special knife and rubbed with chalk.

Graphic and statistics data analysis was carried out with the help of a spreadsheet Microsoft Excel. Climatic component of
annual changeability of increment was singled out by means of increment index calculation. Indexes were calculated as ratio of
annual ring width of this year to the average annual ring width for the past 5 years [1]. Chosen method of indexing provides
non-specific elimination of effects from long-term factors of a various kind [2]. Individual indexing chronologies were
averaged, and generalized chronology was used for correlation analysis of climatic impact on radial growth.

3. Results
The width of annual rings depends on many factors. It is essential to single out the most important ones — weather
conditions of growing season, age, phytocenotic interrelations, edaphic and orographic factors. The analysis of time series of

radial increment allows us to identify the impact of various factors on the aspen trees’ growth [3], [4]. Obtained time series of
radial increment for aspen stand is shown on the graph of figure 1.
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Fig. 1 — The average means of the annual ring widt for investigated aspen stand by the years

We have observed two tendencies in increment variability. The first trend is the following. The width of an annual ring is
decreasing gradually with age. It is due to the fact that the concentration of auxins at the point of cambial sections in core
drilling place is going down because of gradual shift of canopy upwards the growing tree stem [5].

Also, the width of an annual ring varies great from year to year, which is usually connected with the weather conditions
changes [1], [2], [3], [4] For remove the age trend from the time series of the width of the annual rings, an indexing procedure is
used. One of its variants may be attributing the width of the annual ring of an individual year to the average width of the annual
ring over the past five years [1], [2].
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Fig. 2 — The average means of the radial growth index for investigated aspen stand by the years

As can be seen from figure 1,2, the most iunfavourable conditions for aspen growth in the studied forest stand were in 1941,
1952, 1961, 1966, 1973, 1980, 1991-1992, 2000, 2008, 2011 which resulting in formation of abnormally narrow annual rings.
There is a certain periodicity in forming of abnormally narrow annual rings, with the cycle nearly 11 years: 1941-1952-1961-
1973-198-1991-2000-2011 (11-9-12-7-11-9-11). The 11 — year cycle has been mentioned many times by researchers of various
species in the northern border of forest-steppe zone [6], [7]. Apparently, the primary reason for it is the 11-year cycle of solar
activity, as the majority of researchers claim [6], [7]. Such information is necessary for long-term forecasts. According to our
data, the closest worsening of growth conditions in the studied forest stand will be observed in 2022. The most common view is
that the influence of solar activity on growth is mediated through the influence on the processes of atmospheric circulation and
weather regime changes [7].

In the first phase of dendroclimatic investigation of aspen growth features we conducted a correlation analysis. The length of
the time interval for which the calculation of correlation coefficients is 66 years old. When the number of degrees of freedom 64
and the confidence level of 0.05 reliable values of the correlation coefficients from are 0.24 or more. Reliable values of the
correlation coefficients are highlighted in table 1. The analysis was performed for average monthly temperatures only because
there were no continuous time series for the monthly precipitation amount.

Table 2 — The value of the correlation coefficients between meteorological parameters and dynamics of radial growth of aspen

trees
Meteoparameter
Month The current year
temperature The last year temperature

January -0,00 0,03
February -0,01 -0,03
March 0,01 -0,05
April -0,13 0,06
May 0,15 0,13
June -0,19 -0,27
July -0,22 -0,40
August -0,19 -0,36
September 0,15 -0,01
October -0,28 -0,19
Novemder 0,05 -0,01
December -0,27 -0,16

Thus, there is a significant and biologically explained relation between values of the radial growth index and average
monthly temperatures of the summer months of the year preceding the calendar year of the tree ring forming. The connections
with the temperatures of October and November of this year are weak and biologically not interpreted, because the formation of
the annual ring during this period has already ended. Apparently, they are random in natury. The influence of elevated summer
temperatures affecting the width of the annual ring with a time lag of one year is quite well known [1], [2]. This is associated
with the negative effects of a small number of shoot buds laid under such conditions, which determines a decrease in the
biomass of the assimilating surface in the next growing season. Also is important that the assimilation products stored during the
growing season for the next year are used for the purposes of rapid growth of shoots and the formation of an assimilation
surface, and the intensity of photosynthesis for the next year will ultimately depend on their amount.
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In the second stage of the analysis, we analyzed the weather conditions in the years of extremely low and extremly great
growth with the climagramm (climatogramm) method [8]. The results of the comparison with average means meteoparameters
values are shown at figure 3,4,5,6.
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Fig. 4 — The average means of average month air temperatures for yeasr of the radial growth index minimums and for period
1960 -2021 years

The analysis showed a clear difference in meanth of precipitation of May and June for yeasr of the radial growth index
minimums and for period 1960 -2021 years. This means that this kind of combination in the temporal distribution of
precipitation negatively affects the physiological state of aspen trees. Abundant moisture in May can stimulate the growth of thin
roots as well as the formation of a large crown biomass, which requires the receipt of large volumes of water and minerals. With
such initial parameters, the sudden onset of drought in June leads to a sharp deterioration in the aspen tree heals. So, not only
meanth of meteoparameters, but combination of this meanth too can affect to tree rings weeds, wchich is rarely taken into
account in dendroclimatic studies and cannot be established by correlation analysis.
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Fig. 6 — The average means of month average air temperature for yeasr of the radial growth index maximums and for
period 1960 -2021 years

Analysis of the climatogram by temperature shows that in the years of minimum growth monthly values coincide with the
average monthly parameters. This indicates that there is no influence of this parameter on the radial growth in these
environmental conditions and coincides with the results of the correlation analysis.

5. Conclusion

According to the results of the research were obtained the following the most important conclusions:

1. The most favorable conditions for the growth of aspen, for the formation by stand the high growth of wood took place in
1942, 1977, 1996, 2004. These years characterized by above average meanths for June precipitation sum and below average
meanths for July and August precipitation sum. The meanth for average month air temperatures are close to the average long-
term parameters.

2. The high air temperatures in summer of the year preceding the year of tree ring forming has the strong negative impact
on the formation of wood in the studied forest stand. Probably it relates with effect of shoot buds’ formation and photosintetic
product accumulation, wchich determines the biomass of the assimilation surface in the year of the formation of the annual
ring.

3. There is a certain periodicity with a period of 11 years for the formation of abnormally narrow rings in aspen trees. But
abnormally narrow rings may form non periodically too. This is probably due to the effects of phyllophagous insects.
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