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We analyzed ring width, latewood width and earlywood width of Pinus sylvestris trees under normal and flood condition 
in Dnipropetrovsk region, within Northern Steppe of Ukraine. Precipitation from February to August seems to be the most 
stable climatic factor which influenced Scots pine growth rate and caused the difference between maximum and minimum ring 
width in normal conditions. Meteorological conditions were mainly associated with general ring values and earlywood width, 
and were less associated with latewood width values. Assessment of the effect of climatic signals on tree rings’ growth process 
in living and dead trees and in the normal and flood condition by analyses of correlation and response function was conducted. 
Average annual temperatures affected the tree growth negatively in normal conditions and tree increment positively in flood 
conditions. Annual precipitation was correlated positively with ring width, earlywood width series in normal conditions, but 
negatively with these series in flood conditions.  

Keywords: Scots pine; precipitation; temperature; width of annual radial increment; earlywood; latewood.  

Introduction  
 

Forest ecosystems are currently exposed to a wide range of natural 
and anthropogenic disturbances caused by global warming and climate 
changes. These disturbances create a real hazard not only to the state of 
forests and their beneficial functions, but also to human society as a 
whole (Lindner et al., 2010). In this work, the effect of environmental 
changes has been identified by the growth response of trees. Vegetation 
cover in general and woody plants in particular are among the first to 
respond to negative changes in the air and underground environment. 
Fire, wind, flooding and drought act as the main abiotic negative factors 
affecting forest ecosystems. Flooding tolerance was evaluated in terms 
of tree growth response, level of injury sustained and survival (Koz-
lowski, 1997) in relation to flooding characteristics and used to express 
capacity to survive in anoxic conditions (Hook, 1984).  

As defined by the same author, mechanisms of “flooding toleran-
ce” include the associated anatomical and physiological adaptations 
(Kozlowski, 1984; Armstrong et al., 1994; Glenz et al., 2006; Brygady-
renko, 2015, 2016). The process of tree survival under flood conditions 
primarily depends on their ability to control their metabolism, reach 
available energy resources, obtain basic gene material, synthesize ma-
cromolecules and their ability to protect themselves against post-anoxic 
injuries. Processes of morphological and physiological adaptations of 
trees that grow in flood conditions have been studied in numerous 
works of European scientists (Chirkova & Gutman, 1972; Hook, 1984; 
Hughes et al., 1997).  

Lack of oxygen caused by flooding is accompanied by accumula-
tion of toxic metabolites and carbon dioxide; it leads to inhibition of 
new root and branching formations and of existing roots and mycor-
rhiza development (Ewing, 1996; Kozlowski, 1997). As a result, it leads 
to a disturbance in the vital processes of the plant body metabolism and 
photosynthesis inhibition with a proportional decrease in productivity 

and to a decrease in leaf mass. Tree species are not physiologically 
adapted to such conditions, and they could die as a result of an excess of 
the prolonged anoxic environment produced by changes in the channel 
pattern in response to a flood (Ballesteros-Cánovas et al., 2015).  

Location of coal mines near river basins and enclosed water bodies 
causes their ecological deformation and leads to the death of forest 
stands because of flooding; as a result, it leads to development of anth-
ropogenic landscapes with unpredictable development prospect, espe-
cially typical to the Western part of the Donetsk coal basin, Dniprope-
trovsk region (Pakhomov et al., 2008). Tree-ring data provide rare op-
portunities to understand the ecological dynamics of plant communities 
(Brienen et al., 2006). Analyses of annual growth rings can be used as 
source of indirect data to recognize the harmful effects on the environ-
ment and can determine the main directions of their improvement (Ba-
deau et al., 1996; Borgaonkar et al., 2009). The results of environmental 
influence on forest growth have been reflected in several studies, and a 
lot of them have focused on understanding the relation between radial 
increment and meteorological factors such as amount of precipitation 
and air temperature (Cleaveland et al., 2003; Villanueva et al., 2005). 
Most studies were based on analyses of total ring-width series during 
the detection of plant growth response to environmental changes. This 
approach has identified a climatic signal covering a period of several 
months including the growing season and previous months (Fritts, 
1991; Speer, 2010).  

In addition, analysis of radial increment in earlywood and latewood 
parts of total ring-width help to understand seasonal climate variations 
and their influence on the formation of biomass production (Villanueva-
Díaz et al., 2007; Torbenson et al., 2016). Usually earlywood is develo-
ped at the beginning of the growing season, whereas latewood is formed 
at the end of summer or early fall (Fritts, 2001; Vaganov et al., 2006; 
Griffin et al., 2013; Carlón-Allende et al., 2018). Latewood has higher 
density and is usually darker than earlywood. Latewood percentage is 
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one of the most widely used wood quality characteristics (Larson et al., 
2001; Kretschmann et al., 2007). Proportion of latewood has a strong 
impact on wood specific gravity in conifers (Zobel & Jett, 1995; Jaya-
wickrama et al., 2011).  

Scots pine (Pinus sylvestris L.) is a tree species very common in fo-
rests of all Europe and particular within Ukraine, and therefore it has 
been widely used as timber. Based on cluster analysis and expert know-
ledge, Glenz et al. (2006) classified 65 Central European tree and shrub 
species into 5 classes by their flooding tolerance. According to the clas-
sification given, Scots pine refers to second lowest class or to flood-
intolerant trees. The purpose of our research was studying the changes 
of general ring width, latewood width and earlywood width chronolo-
gies in trees of P. sylvestris under condition of flooding in the Western 
Donbass, Dnipropetrovsk region.  
 
Materials and methods  
 

Study area. The study presented was performed in the steppe zone of 
Ukraine in Western Donbass, Pavlograd district. Data on amount of precipi-
tation and temperature were obtained from the Pavlogradskaya Meteorolog-
ical Station as historical data for 32 years. This meteorological station is 
situated in Dnipropetrovsk region (48°05’ N, 35°08’ E, 91 m a.s.l.). Dnipro-
petrovsk region is an administrative division in the Central part of Ukraine. It 
located within the middle and lower stream of the Dnieper River.  

The subject of the study was Scots pine trees selected from the tem-
porary sample plots laid out in 1961. Sampling was done at two sites, 
the control (forest reclamation area with no flooding) and the experi-
mental (zone with mining activity in the areas of forest reclamation). 
Forest reclamation sites were situated on the right valley wall of the 
Samara River within a mine zone of 5 km from Pavlograd city in the 
northeast of Dnipropetrovsk region. The control sampling area has a flat 
aspect, with altitude of 112 m a.s.l., northeast aspect and slope 10%. 
The flood sampling area has also a flat aspect, with altitude of 70 m 
a.s.l., northeast aspect and slope 0%.  

Сlimatic date and definition of climate-growth relationships. The cli-
mate of the region studied is moderately continental, with mild winters 
having a small amount of snow and frequent thaws (average January 
temperature –5 °C) and hot, dry summers with frequent rainstorms and 
strong southern winds (average July temperature +22 °C). The average 
annual air temperature is 8.1 °C, the temperature of the soil surface is 10 °C. 
Duration of the period with temperatures above +10 °C is 178 days, and 
the frost-free period is 187–228 days. Most precipitation falls in the 
warm period, and the annual quantity of precipitation averages 446 mm. 
Depth of snow cover reaches 10–15 cm. The period with a stable snow 
cover continues 3 months and lasts from about December 27 to March 4. 
Among the negative climatic phenomena there are thaws, windy frosts, 
dry winds and dust storms.  

Monthly averaged temperatures (°C) and monthly sums of precipi-
tation (mm) were used as explanatory variables. The data were used for 
making a regional series of annual total precipitation and annual tempe-
ratures for the period from 1961 to 1991. Mean annual precipitation for 
the reference period is 506.0 mm and annual temperature averages 8.5, 
6.7 and 10.3 °C for mean, minimum and maximum temperature respec-
tively. The number of rainy days averages 161.  

The sum of positive average monthly air temperatures was taken as 
the characteristic of heat supply, and of negative temperatures as coo-
ling. Water availability in the warm and cold parts of the year at the 
weather station was calculated in exact accordance with the value of the 
average monthly air temperatures.  

We used the method of residual mass curves, which allows determi-
nation of  the directions of long-term changes in climate elements. Primary 
processing of the data involved calculation precipitation per month in the 
cold (XI–III) and warm (IV–X) parts of the year. In deviation calculation 
we used the average data on the entire weather sequence for one or anoth-
er part of the year. Precipitation of the warm part of the year was characte-
rized by a significant difference in the amplitudes of its fluctuations com-
pared with the precipitation fluctuations in the cold part of the year. Long-
term data on temperature and rainfall observations within the territory 
studied were applied in a detailed analysis of the relation between in-

crement and climatic factors. The interval of months for which the 
analysis was conducted covered the period from April of the previous 
growing season to July of the current one. The "previous" and "current" 
seasons were used only in relation to the season or year for which the 
climate-increment comparison was performed in the correlation analy-
sis. According to our observations, xylogenesis of P. sylvestris in the 
Pavlograd area begin in April and May with cambium activation and a 
start of earlywood formation at about the same time as swelling of buds 
begins; it continues during latewood formation in June and July, whe-
reas vegetation may occur to end of October. Thus, the full dendro-
climatic year of P. sylvestris in the study area begins from April of the 
previous year to October of the current one, and also includes the rest 
period from November to March.  

The relationship between annual variations in P. sylvestris chronolo-
gies and monthly climatic-hydrological variables was established using 
correlation analysis. The time interval covered the period 1961 to 1991 for 
the calendar, hydrological, dendrological, and vegetative periods from 
April of the previous year to July of the current year. The hydrological 
window covered the period from October of the previous season to Sep-
tember of the current season. For these climatic-hydrological variables, 
their correlation coefficient with increment, standard error was calculated, 
and they were tested with Student’s t test.  

To study temperature and humidity effects on tree growth, groups 
of years were used, which were characterized by the response uniform-
mity of the stands studied. These years were termedyears of negative 
and positive anomalies, which respectively were associated with the 
inhibition or improvement of woody plant increment values.  

Field sampling and data collection. Ten living trees from the con-
trol sampling area and ten from the flooded sampling area with straight 
stems were selected as the sample trees. Table 1 presents the properties 
of the sample trees from the control and flood sampling areas.  

Table 1  
Biometric characteristics of pine sample trees  
in normal (N) and flood (F) condition  

No 
Height,  

m 

Length of  
circumference 
at trunk base, 

cm 

Diameter  
at trunk  
base, cm 

Length of 
circumfe- 
rence at  

1.3 m, cm 

Diameter  
at 1.3 m, cm 

N F N F N F N F N F 
1 12 12 64 65 20.4 20.7 54 54 17.2 17.2 
2 13 12 68 62 21.7 19.7 56 53 17.8 16.9 
3 13 12 72 67 22.9 21.3 60 56 19.1 17.8 
4 14 11 83 78 26.4 24.8 66 65 21.0 20.7 
5 15 10 104 65 33.1 20.7 89 56 28.3 17.8 
6 15 10 72 79 22.9 25.2 56 70 17.8 22.3 
7 15 13 98 82 31.2 26.1 81 68 25.8 21.7 
8 15 12 87 73 27.7 23.2 71 55 22.6 17.5 
9 15 11 82 63 26.1 20.0 72 49 22.9 15.6 
10 15 11 85 59 27.1 18.8 67 48 21.3 15.3 
Mean 14.2 11.5 81.5 69.3 26.0 22.1 67.2 57.4 21.4 18.3 

 

Scots pine trees in the normal condition had a diameter at breast 
height of 21.4 ± 3.6 cm (mean ± standard deviation), height of 14.2 ± 
1.1 m. Sample trees in flood condition were comparable, with a diame-
ter at breast height of 18.3 ± 2.4 cm, height of 11.5 ± 0.9 m.  

Collecting of samples in the stands was carried out by obtaining 
cross sections of trees, performed at 1.3 m height. The samples of wood 
from the trunk were cut out off its peripheral part on the south side. 
After selecting model trees, we set the places for boring on the trunk, 
and the number of cores from one tree was determined after extraction 
of the first core. The bore was set and perpendicularly introduced into 
the trunk as near to the root collar as possible, so the loss of annual 
layers was minimal, and the obtained series of measurements maximal-
ly approximated to the true age of the model trees.  

The sampled trees aged 32 years were bored at a right angle to the 
slope direction so as to avoid tension wood. Sampling consisted of col-
lecting tree cores with a Pressler increment borer. The samples were taken 
and or each model selected, two cores were measured. We obtained the 
average measurements for trees – total height (H) and diameter at breast 
height with bark (DBH). Samples of cores were taken from the base 1.3 m 
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above the root collar. The longest radius that was obtained at the line of 
greatest increment was established by measuring the distance from trunk 
core to periphery. The cuts were made towards the end of the base on both 
sides of this line at a distance of 1.5–2.0 cm to the end of trunk. As a result 
of this the sample took a trihedral shape, with the help of which detection 
of false rings and clarification of the boundaries of seasonal parts within 
annual layer became possible. Preparation and core measurements were 
carried out in tubular racks. The core inserted into the rack was skinned to 
a clear appearance of the annual layer edges, then preliminary marking 
was carried out. Immediately after sampling, the cores were placed in 
individual paper containers to avoid damage and wood deformation dur-
ing field research and transportation. In order to reach a target moisture 
content of 12% prior to testing, all of the specimens were conditioned in a 
climate chamber at a temperature of 20 °C and a relative humidity of 65% 
until constant weights of specimens were provided.  

Further work with the samples was carried out in the laboratory. 
For measuring, the cross sections were treated with a sharp knife along 
the directions where the measurement lines were to be, prior to which 
the layers were divided according to decades (control samples).  

Individual chronological series of radial increment were calculated on 
each model tree by cross dating of the series of data from all its samples 
and cores. Extreme or minimal increment values (typical years) were used 
to check the data accuracy.  

The earlywood (EW) and latewood (LW) width for each ring was 
measured along two radial files (upper and lower portions of the image) 
and averaged. Earlywood and latewood width within the investigated an-
nual rings were defined according to such qualitative aspects as darkening. 
Earlywood is light-coloured compared with latewood (Larson, 1969). For 
a clearer appearance of the season part edges, the surface of the sample 
was wetted with glycerine when measuring the surface. Growth rings are 
visible because of the difference in texture between the latewood (usually 
comprised of relatively small and thicker-walled cells) and the earlywood 
of the subsequent year (with relatively large and thin-walled cells). The EW 
and LW widths were measured to the nearest 0.01 mm using MBS-1 and 
MBS-9 microscopes in the units of scale of ocular-monometer. The an-
nual ring widths (RW) were calculated from the EW and LW widths.  

Measurement errors and quality of dating were verified with the soft-
ware Statistica (Version 12.6, USA, 2015). All samples are checked for 
compliance by normal distribution.  
 
Results  
 

During the period researched, mean annual ring width (RW), as well 
as mean increment of earlywood (EW) and latewood (LW), was greater 
in the pine trees growing on the control site, with a corresponding increase 
of 5%, 3% and 9% compared to the experimental variant. To assess the 
impact of flooding on the change in the RW values of Scots pine trees, at 
first we initially made samples of air temperature and precipitation from 
the Pavlograd Weather Station for the hydrological year from previous 
October to September of the following year (X–XII–I–IX months).  

Over the period of ecoclimatic observations of the hydrothermal con-
dition dynamics we have identified irregularity in distribution of precipita-
tion, mainly in spring-summer-autumn periods. A lack of moisture is mo-
re typical for spring and autumn. Unstable weather associated with increa-
sed anticyclonal activity is characteristic of the cold season of the year. 
In the area surveyed, the wet period begins in late October and ends in 
March–April; for a second time it is observed in June–July.  

Average annual air temperature of 10.1 ºC and amount of precipita-
tion of 676 mm serve as a positive extreme, which caused the maximum 
effect in the formation of Scots pine increment. Whereas, the lowest effect 
on the process of wood increment was recorded with an average annual 
temperature of 7.3 ºС with amount of precipitation of 434 mm.  

We adopted data on each dendrological year from the second half of 
the previous vegetation season to the first half of the current one, which to 
assess the influence of climatic factors on the annual radial growth of 
Scots pine is a time period characterizing all the features of the growth 
performance in the studied region. Precipitation of the cold part of the year 
(November–March) was very effective for preliminary prediction of in-
crement. Regardless of stand location, in the spring-summer period (April–

June) the improvement in increment was usually associated with rainfall in 
May and June. Meteorological conditions in the period from July to Sep-
tember determine the increment values of the subsequent growing season. 
Of great practical importance is the question of whether a change in me-
teorological conditions in only one of these periods can lead to occurrence 
of increment anomalies. In this regard, we analyzed the dependence of 
increment on meteorological conditions in years between the peaks of 
highs and lows within the ascending and descending sections of the curve 
characterizing the long-term course of changes in the increment of pine 
stands. Meteorological elements were summarized by groups of years, 
followed by correlation analysis (Table 2).  

Table 2  
Relationship between total precipitation, temperature  
and radial increment of Scots pine for different meteorological periods  

Months 
Period  

and name  
of year 

Correlation  
coefficient Standard error t-value 

precipi-
tation 

tempe-
rature 

precipi-
tation 

tempe-
rature 

precipi-
tation 

tempe-
rature 

January-
December 

t-3, 
calendar 0.471 0.410 0.311 0.322 3.59 2.89 

January-
December 

t-2,  
calendar 0.573 0.444 0.289 0.316 5.02 3.19 

January-
December 

t-1,  
calendar 0.752** 0.320 0.224 0.332 10.23 2.10 

January-
December 

t,  
calendar 0.610 0.360 0.279 0.316 5.76 2.43 

July-June 
Previous-
currently, 
dendrological 

0.782** 0.431 0.221 0.319 11.91 3.11 

August-July 
Previous-
currently, 
dendrological 

0.771* 0.350 0.226 0.332 11.17 2.39 

October-
September 

Previous-
currently, 
hydrological 

0.702* 0.341 0.251 0.331 8.21 2.25 

November-
March 

Previous-
currently, 
cooling period 

0.552 0.530 0.295 0.298 4.67 4.35 

April-
October 

Currently, 
warm period 0.730* 0.581 0.241 0.342 5.16 9.17 

August-
September 

Previous, ge-
nerative period 0.729* 0.660* 0.241 0.266 9.17 6.82 

October-
March 

Previous-
currently, 
accumulation 
period 

0.601 0.560 0.282 0.292 5.61 4.80 

April-July Currently, 
growing season 0.692* 0.673* 0.255 0.261 7.12 7.69 

Note: t-3 – before three years to increment, t-2 – before two years to increment,  
t-1 – before one year to increment, t – current year; Asterisks indicate statistically 
significant period: *– Р < 0.05, **– Р < 0.01.  

The data processing allows us to represent the importance and role 
of meteorological elements in the following periods: reproductive deve-
lopment (process of specialized plant organs’ formation); cumulative 
state (summation of environmental factors influencing growth develop-
ment); assimilation development (process of assimilation apparatus and 
annual ring formation) of pine stands. In the area of survey, the opti-
mum air temperature is on average 17.0 °C during the assimilation peri-
od when a maximum increment of annual ring occurs. Average temper-
ature of 18.9 °C is favourable in the reproductive period. In the years 
with a maximum increment of annual ring, humidification values in-
crease 1.4–1.5 times more than in years with a minimum increment. So, 
the mean optimal amount of precipitation in the generative period is 
138.3 mm, in the cumulative period is 186.5, and in the assimilation 
period is 131.1 mm. Having regard to the clear response of forest stands 
to May rainfall, we consider their average effective value as 71.4 mm.  

Figure 1 shows dendroclimatogram that demonstrates the distribution 
of temperature and precipitation by months with highest and lowest incre-
ment of Scots pine in normal environmental conditions. It is obvious that 
the greatest differences in the years of maximum and minimum recorded 
radial increment were observed in amount of precipitation from February 
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to June with its significant decrease in July and August. At the same time, 
slight differences in the average monthly air temperature were registered 
from June to September, ranging from 21 to 25 °C. A very different situa-
tion was in the cold season in December, January and February. During 
the negative anomalies of Scots pine increment a deeper cooling of the ter-
ritory occurred with less precipitation in January and February, where the 
average February temperatures vary by almost 7 °C. Preliminary results 
on assessment of influence of climatic factors on formation of increment 

served as the basis for comparing the radial pine increment after adding 
flooding as an additional impact factor in the research system.  

The analysis of the data obtained allowed us to trace the weather 
changes and long-term increment trends in the control and flood areas 
using living specimens of Scots pine (Fig. 2, 3). There is no doubt that 
there was a high-degree of consistency between two curves characterizing 
the same reaction in the trees at the control and in the flooding area of mine 
workings. However, the response amplitudes were significantly different.  

  
Fig. 1. Dendroclimatogram temperature-precipitation in years of maximum (solid line)  

and minimum (dotted line) Scots pine increment; 10–12–1–9 – months of hydrological year  

It should be noted that maximum increment values were registered 
for both RW and EW at average annual temperature of about 9 °C, and 
the maximum on the plants of the flood area. In general, we did not estab-
lish a certain influence pattern of average annual temperature on the values 
of whole ring and early wood increment. Curves constructed for these 
components have an abrupt pattern, although in most cases the values of 
the absolute increment are higher in the control variant. A much lesser 
variation of changes was noted for LW, both of control and experimental 
groups. In flood conditions, pine trees are situated in the zone with greater 
deficit of soil moisture since their planting, which determined their long-
term clear response to fluctuation of precipitation. Years with the sum of 
precipitation amounting to 368, 434, 447 and 581 mm were the most 
unfavourable for trunk radial increment. As can be seen from the presen-
ted data, the indicated years were characterized by low values, and the 
additional deterioration of soil water supply in the area of mine workings 
leads to a weak formation of increment.  

Figure 3 shows the influence of precipitation on Scots pine radial in-
crement changes. Similar to the temperature regime, hydrological condi-
tions do not give a clearly expressed growth response of plants regardless 
of the habitat characteristics of the plants studied. The maximum effect of 

RW and EW formation was observed in plants of the experimental group, 
besides with a low precipitation amount 368 mm. For the same group of 
plants, a peak of high RW and EW values was also observed in the year 
with precipitation amount of 676 mm. Along with the maximum effect, 
conditions of flooding caused also an absolutely opposite response in 
plants with the formation of a minimum RW and EW with amount of pre-
cipitation 437 mm per year. Relative to the control group, it should be 
noted that RW and EW values, like the flooding variant, have a jump-like 
pattern of changes, while not depending directly on the amount of precipi-
tation during the year. However, the curves showing dependence of the 
increment on hydrological conditions have less variability of changes in 
comparison with the group under flood conditions. On the contrary, radial 
increment values of LW in two groups of plants studied in the annual dy-
namics have insignificant magnitude of EW fluctuations compared with 
RW, with a less significant share of precipitation influence, respectively. 
LW values ranged 0.2–2.3 mm and were slightly higher in the control 
plant group compared to plants of the experimental group.  

In general, the data obtained on the average values of the RW were 
higher by 17% for the group of control plants, compared with trees grow-
ing in the flood area, by 30.5 % for LW and 11.5 % for EW (Table 3).  

  
Fig. 2. Dependence of change of Scots pine increment in normal (black line) and flood (grey line) conditions  

on annual mean temperature: variables are as follows: RW – ring width, LW – latewood width, EW – earlywood width  
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Fig. 3. Dependence of change of Scots pine increment in normal (black line) and flood (grey line) conditions on annual total precipitation:  

variables are as follows: RW – ring width, LW – latewood width, EW – earlywood width  

Calculation of the pair correlation coefficients showed the existence 
of a statistical relationship of weak contingency between width of an-
nual trunk rings and individual factorial characteristics (Table 4). Thus, 
for example, the relationship between pine radial increment and air tem-
perature in the conditions of flooding was characterized by not signifi-
cant correlation coefficients in a range 0.22–0.31.  

In contrast, width of the annual ring had an inverse correlation with 
the temperature, but not more than –0.28 under normal conditions.  

Table 3  
Main distributional statistics of increment  
of Scots pine in the normal and flood condition  

Index Mean+SE Minimal value Maximal value SD Skewness 
 

Kurtosis 
Normal condition 

RW 
 

3.41 ± 0.20 1.80 5.65 1.11 0.39 -1.05 
LW 0.95 ± 0.07 0.33 2.23 0.38 1.53 3.42 
EW 2.45 ± 0.17 1.28 4.78 0.94 0.88 -0.08 

Flood condition 
RW 

 

2.83 ± 0.31 0.70 7.20 1.70 1.01 0.40 
LW 0.66 ± 0.06 0.20 1.60 0.37 0.77 0.07 
EW 2.17 ± 0.28 0.20 6.50 1.57 1.29 1.08 

Note: SE – standard error, SD – standard deviation.  

Table 4  
Correlation coefficients of pine increment  
with factorial characteristics in different habitat conditions  

Climate factor Condition Index 
RW LW EW 

Temperature norm –0.11 –0.28 –0.01 
flood   0.31   0.22   0.28 

Precipitation norm   0.14 –0.04   0.18 
flood –0.01   0.28 –0.07 

 

A positive not significant correlation (r = 0.271) between the in-
crement values of early and late wood was recorded for Scots pine 
plants growing on the control variant. Close value of pair correlation 
(r = 0.267) between those values was also noted for plants of the expe-
rimental group.  
 
Discussion  
 

The obtained results make it possible to underscore the importance 
of the winter temperature regime once again for coniferous trees, which 
has a significant impact on the formation of radial increment in the next 
growing season. Dendroclimatological research using Scots pine tree-

ring widths has been conducted, e.g. by Cedro (2001), Vitas (2004), 
Zunde et al. (2008), Lindholm et al. (2010).  

The results of observations showed that the growth of the pine 
trunk along the radius in the investigated conditions usually starts in the 
first and second decades of May, which was due to conditions of air 
temperature. Radial increment, investigated in this study, was finished 
in the first or second decade of August, when the average monthly 
temperature was 21 °C, and the amount of precipitation was 51 mm. 
According to studies of several authors, the start of trunk radial incre-
ment usually coincides with the start of needles’ growth, and it is fi-
nished in I–II decades of August (Vaganov & Kachaev, 1992; Zabuga 
& Zabuga, 2003; Nikolaeva & Savchuk, 2008). Development (differen-
tiation, growth by stretching, maturation) of early tracheids covers the 
period from the III decade of May to the beginning of August, and late 
tracheids from the beginning of June and almost to the end of Septem-
ber (Antonova, 1999). According to assumption of García-Suárez 
(2009), more favourable climatic conditions lead to a longer growing 
season for pines, followed by a weakening of the summer temperature 
influence. Studies on relationship between climatic factors in winter and 
tree growth have shown that it is either negative or absent (Krasnobaeva 
& Mityashkina, 2006; Nikolaeva & Savchuk, 2008).  

Conditions of habitat definitely brought about the observed differenc-
es in the trend of changes in Scots pine increment values depending on the 
average annual air temperature. According to Zabuga & Zabuga (2003), 
the magnitude of radial increment variation and the proportion of external 
factors influencing them may reflect the strategy of plant growth processes 
and specificity of lateral meristem response of pine trees. In this case, a 
relatively high proportion of the increment direct response to the impact of 
environmental factors was determined by the provision of apical growth 
with products of photosynthesis, primarily reserves of assimilates created 
during the previous autumn and used for shoot growing in the current 
year. In optimal soil moisture conditions, those favourable for photosyn-
thesis are engendered which guarantee sufficient tissue hydration and a 
high level of transpiration (Scherbatyuk et al., 1990; Suvorova et al., 
2005). In such years the greatest radial increment in coniferous xylem is 
formed (Vaganov & Kachaev, 1992). The photosynthesis intensity is 
inhibited under the influence of constant soil flood, which leads to a de-
crease in formation of ring width. This process has been recorded in our 
studies and is consistent with the results obtained by Arbellay et al. (2012a, 
2012b) and Ballesteros-Canovas et al. (2010a), who note that in conifer-
ous trees, the main indicators are decreased ring widths along with a sig-
nificant reduction in earlywood tracheid size.  

The contribution of latewood to the total annual increment is 27.9% 
in the case of its formation in the group of plants of the control variant, 
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whereas in case of flooding it is less and amounted 23.3%. This is in-
consistent with data obtained for deciduous plant species by a number 
of authors, who note a greater contribution of latewood width to ring 
width, compared with earlywood width (Phipps 1982; Tardif 1996; 
Lebourgeois et al., 2004).  

As in our work, a similar inverse correlation with the temperature 
regime and a direct correlation with the amount of precipitation per year 
were established by Zabuga & Zabuga (2006) for plants growing in 
normal conditions of the forest-steppe Prebaikalia, Russia. Researchers 
who studied coniferous plant species in the dryland communities of 
southern Russia (Nikolaeva et al., 2006) also noted a positive correlation 
between the general ring width and precipitation of the growing season 
(or individual months of vegetation). At the same time, as shown in our 
results, correlation with temperature was negative (Glebov & Litvinen-
ko, 1976). On the other hand, Ferrio et al. (2015) investigated two pines, 
of which one was P. sylvestris L. and found that spring precipitation 
showed a strong negative effect on earlywood, while temperature was 
positively correlated. Such effect the authors related to the suggestion 
that the spring effect is mainly related to enrichment effects at the leaf 
level, which in turn are associated with the tight stomatal regulation of 
pines (Ballesteros et al., 2010). Similar to the data obtained, a positive 
correlation between the latewood width in one year and the earlywood 
width in the following year is recorded in a number of publications 
(Phipps, 1982; Tardif, 1996; Lebourgeois et al., 2004).  
 
Conclusions  
 

Analysis carried out on the assessment of Scots pine increment allo-
wed us to reveal the characteristics of fluctuations caused by annual tem-
perature and sum of precipitation. The greatest differences in the years of 
highest and lowest increment values of Scots pine were observed in the 
amount of precipitation falling from February to June. Increment values of 
pine under flood conditions were characterized by large amplitude of 
fluctuations in values of WR and EW compared with fluctuations in LW 
values compared with the trees growing under normal conditions. Aver-
age WR, EW, LW values of plants growing under normal conditions 
were higher by 17.0%, 30.5%, 11.5%, compared with the trees growing in 
the flood area. Degree of closeness of the pair correlation between the 
studied increment parameters and temperature was higher compared to 
the average annual precipitation. Variability of the annual ring width in 
conditions of flooding had a direct correlation with variability of the ave-
rage ring width for the period of its temperature growth and the negative 
correlation in normal conditions of plant growth.  
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