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ABSTrAcT

The purpose of this study is to evaluate the influence of day and night meteorological parameters (air temperatures 
and dew points, relative humidity, wind speed and precipitation) on the radial growth of pine latewood in northern 
taiga, in typical conditions of its growth. The study was conducted in the north of the Arkhangelsk region (Russia). 
A total of 63 cores were selected from seven most representative sites. Meteorological parameters were obtained 
from the WMR 918 H digital weather station (Huger GmbH, Germany), located directly on the study area and operat-
ing in monitoring mode. The analysis used meteorological data for the period 2008–2015. Correlation with night and 
day air temperature in June and July (0.72–0.77) was revealed in blueberry type. In all the stands studied, a reliable 
correlation with wind speed was established, direct (0.77‒0.88) and inverse (−0.7 to −0.99), but each sample plot 
had an individual dependence. A reliable correlation with the humidity of August and September (0.64–0.87) and 
an inverse correlation with precipitation in May and August (−0.63 to −0.75) were established. In general, pine in 
blueberry, cowberry and pine on swamp types have a similar reaction to the variability of meteorological factors, the 
most important of which is the temperature regime of air and wind speed.
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InTrODucTIOn

Latewood (LW) directly determines the physical and 
mechanical properties of wood. On average, the den-
sity of LW is two times higher than earlywood (Jeong 
et al. 2009; Umit 2012; Kilpeläinen et al. 2003; Pritz-
kow et al.2014; Peltola et al. 2009). The correlation 
coefficient of the density and the LW content reaches 
0.7–0.75 in the European part of Russia (Polubojarinov 
1976) and 0.92 in Central Siberia (Soultson 2018). The 
above data indicate that the LW content is an impor-

tant characteristic of wood quality. The formation of 
LW depends on the weather of the current growing 
season (Deslauriers et al. 2003; Huang 2011; Zhai et al. 
2012). The main limiting factor of radial pine growth 
for the territory of the European North of Russia is the 
temperature in June (Feklistov et al. 1997). However, 
the question of the influence of meteorological factors 
on the radial growth of LW in this region has not been 
touched at all.

The aim of the work is to evaluate the role of mete-
orological factors in the radial growth of LW in north-
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ern taiga of the European part of Russia (Arkhangelsk 
region).

MATerIAl AnD MeThODS

The study area is situated in the northern taiga sub-
zone in the Pinezhsky district of the Arkhangelsk re-
gion near the southwestern border of the village Pinega 
(GPS 64°41ʹ07.76ʺ N, 43°22ʹ09.25ʺ E). The subject of 
our research is the common pine (Pinus sylvestris L.). 
In total, seven sample plots (SPs) were laid in 2016 in 
typical forest types (blueberry, cowberry, on swamp). 
To determine the radial growth, core samples were 
taken using an age drill (Haglof, Sweden) at a height 
of 1.3 m from the root neck in the south–north direc-
tion. In total, 9–10 cores were selected at each SP. The 
LW content was calculated using LINTAB 6 (Rinn-
tech, Germany) with an accuracy of 0.01 mm and the 
software TSAP-Win (version 4.80, 2012) (Rinn 2003). 
The taxational characteristics of the studied stands are 
presented in Table 1.

Table 1. Key characteristics: average values of the sampled 
stands
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Blueberry 
pine forest 

6P3F1B 18.0 22.0 65 0.8
2 10P 12.0 18.0 70 0.7
3 9P1B 12.0 14.2 50 0.8
4 6C4E 18.5 19.7 75 0.7
5 6P4F + B 16.0 18.0 80 0.7

6 Cowberry 
pine forest 9C1F 16.0 18.0 60 0.7

7 Pine on 
swamp 10P 4.5 4.6 62

P – pine tree, F – fir tree, B – beech tree. 

The availability of digital mobile weather stations 
has allowed not only to increase the number of analysed 
parameters and reduce the discreteness of measure-
ments, but also to bring the stations as close as possi-
ble to the SP. Air temperature (tair), dew point tempera-

ture (tdp), relative humidity (H), precipitation (P) and 
wind speed (WS) were recorded automatically using 
the WMR 918H digital mobile weather station (Huger 
GmbH, Germany) from 2007 to 2016 at an altitude of 
2 m. The weather station is located in close proximity 
to the SP. The technical characteristics of the weather 
stations are presented in Table 2.

Table 2. Specifications of the weather station WMR 918H

Parameter Measuring range Resolution
Temperature −50 to 70°С 0.1°С
Relative air humidity 2–98% 1%
Wind speed 0–56 m/s 0.2 m/s
Annual precipitation 0–999 mm/h 1 mm/h

Discreteness of measurements: temperature – 30 s; pressure – 15 min.

The measurement interval for all sensors was 
10 min. The average values of meteorological param-
eters for May–September are shown in Figure 1.

Due to the fact that at the beginning of the growing 
season, the night lasts no more than 2 h and by Septem-
ber, it increases to 12 h, for the calculation, we used the 
duration of the night from sunset to sunrise, calculated 
for each day.

Pearson correlations (The Python software version 
2.7.12, 2016, package SciPy version 0.18.1, 2016) were 
used to test the effect of meteorological parameters 
(air temperature and dew point, relative air humidity, 
wind speed, precipitation) on the radial growth of pine. 
Significant differences between means were tested 
(P < 0.05).

reSulTS

According to the meteorological parameters, 2010 was 
not an abnormal year. It differed from the others only by 
the high air temperature in July, the low dew point tem-
perature in August and the low relative humidity in July 
(Fig. 1). The dynamics of the radial growth of LW on 
the studied SPs were similar. The peak of growth was in 
2009–2010 and then came the recession. The variation 
in the growth of LW in pine on swamp was minimal and 
no significant trends were observed (Fig. 2).

A significant correlation with the July air tempera-
ture was found in the blueberry pine in SP3, both with 
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Figure 1. Dynamics of monthly average values of meteorological parameters during May–September in 2008–2015: 
A – temperature, B – dew point temperature, C – annual precipitation, D – relative air humidity, E – wind speed
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Table 3. Pearson correlation coefficient of latewood width and meteorological parameters

Blueberry pine forest (SP1) Blueberry pine forest (SP2) Blueberry pine forest (SP3) Blueberry pine forest (SP4) Blueberry pine forest (SP5) Cowberry pine forest (SP6) Pine on swamp (SP7)

May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept.

tair tair

Daily mean 0.15 0.13 −0.32 0.40 0.14 0.31 −0.12 0.67 0.15 0.21 0.31 0.16 0.77 0.13 0.13 0.27 0.30 −0.04 0.63 0.26 −0.29 −0.36 0.06 −0.66 −0.54 −0.54 −0.42 −0.34 −0.55 0.07 0.49 0.24 −0.34 −0.62 0.27

Day
max. 0.00 −0.25 −0.27 0.43 0.11 0.30 −0.02 0.67 0.24 0.10 0.24 0.09 0.72 0.17 −0.02 0.14 0.03 0.60 0.26 0.14 −0.31 0.38 0.11 −0.64 −0.17 −0.32 0.07 −0.35 −0.57 0.18 0.47 0.20 −0.36 −0.54 0.34

min. 0.02 −0.24 −0.13 0.38 0.11 0.30 −0.02 0.68 0.20 0.06 0.25 0.11 0.77 0.16 0.00 0.27 0.03 0.65 0.23 0.13 −0.32 0.40 0.07 0.64 −0.25 −0.34 0.05 −0.36 −0.56 0.11 0.45 0.27 −0.35 −0.54 0.34

Night
max. 0.03 0.30 −0.45 0.17 −0.01 0.48 −0.15 0.62 −0.02 0.44 0.42 0.01 0.76 0.01 0.21 0.42 −0.13 0.60 0.00 0.42 −0.33 0.82 0.20 0.57 0.13 −0.46 −0.47 −0.15 −0.22 0.28 0.35 0.12 0.28 −0.61 0.07

min. 0.05 0.08 −0.46 0.17 0.17 0.48 −0.10 0.62 −0.03 0.28 0.42 0.01 0.77 0.00 0.26 0.42 −0.08 0.61 −0.07 0.45 −0.32 −0.70 −0.16 0.56 0.00 −0.46 −0.21 −0.17 −0.21 0.25 0.35 0.16 −0.27 −0.61 0.07

tdp tdp

Daily mean 0.22 −0.07 −0.57 −0.26 −0.05 0.44 −0.23 −0.14 −0.36 0.49 0.30 −0.04 −0.03 −0.3.1 0.32 0.42 −0.27 −0.15 −0.33 0.51 0.02 0.15 0.51 0.26 0.50 −0.43 −0.08 0.49 0.44 0.21 0.20 0.66 −0.07 −0.33 0.21

Day
max. 0.23 0.20 0.69 0.09 −0.14 0.44 −0.28 0.53 −0.10 0.43 0.30 −0.11 −0.66 −0.13 0.23 0.40 −0.34 0.9 −0.03 0.44 0.01 −0.50 0.35 −0.17 0.36 −0.43 0.08 0.12 0.12 0.41 0.22 0.73 −0.23 −0.67 0.25

min. 0.19 −0.03 0.60 −0.31 −0.11 0.47 −0.21 0.10 −0.31 0.49 0.30 0.03 0.03 −0.27 0.32 0.43 −0.26 −0.11 −0.28 0.52 0.05 −0.17 0.52 0.29 0.27 −0.37 −0.12 0.48 0.46 0.28 0.12 0.62 −0.07 −0.29 0.25

Night
max. 0.21 0.13 0.62 0.21 0.03 0.47 −0.25 0.62 −0.21 0.45 0.36 −0.11 0.76 −0.19 0.23 0.46 −0.31 0.59 −0.15 0.42 −0.08 −0.49 0.29 −0.38 0.10 −0.50 −0.29 0.01 −0.03 0.21 0.22 0.64 −0.23 −0.67 0.11

min. 0.22 0.20 0.65 −0.27 −0.02 0.46 −0.18 0.06 −0.40 0.58 0.33 −0.04 0.20 0.34 −0.42 0.44 −0.23 0.04 −0.39 0.58 −0.04 −0.36 0.49 0.29 −0.02 −0.47 −0.37 0.40 0.45 0.07 0.21 0.57 −0.13 −0.27 0.08

H H

Daily mean 0.02 −0.04 −0.18 −0.41 −0.48 0.07 −0.28 −0.68 −0.54 0.32 −0.17 −0.41 −0.60 −0.55 0.21 0.05 −0.44 −0.53 0.48 0.21 0.51 0.05 −0.44 0.55 0.64 0.42 0.16 0.49 0.77 0.21 −0.64 0.24 0.31 0.04 −0.19

Day mean 0.06 −0.01 −0.08 −0.18 −0.36 0.07 −0.24 −0.63 −0.39 0.44 −0.13 −0.40 −0.55 −0.39 0.32 0.09 −0.39 −0.57 0.34 0.37 0.49 0.10 0.07 0.64 0.74 0.45 0.22 0.56 0.87 0.34 −0.68 0.14 0.34 0.11 0.22

Night mean 0.13 −0.14 0.21 0.56 0.03 −0.03 −0.22 −0.56 −0.59 −0.24 −0.20 −0.25 −0.54 −0.70 −0.08 0.06 −0.35 −0.56 −0.52 −0.35 0.52 0.12 −0.48 0.14 0.08 0.30 0.05 0.18 0.11 0.47 −0.42 0.53 0.20 −0.26 0.16

WS WS

Daily

mean 0.42 0.24 0.25 0.15 0.19 0.44 0.25 −0.34 −0.05 0.04 −0.23 −0.12 −0.08 −0.04 −0.14 −0.41 −0.23 −0.33 −0.18 −0.10 −0.52 −0.30 −0.60 −0.63 −0.37 −0.47 −0.44 −0.63 −0.59 −0.3 0.33 0.77 0.46 0.31 0.42

max. 0.47 0.36 0.60 0.26 0.38 −0.09 0.39 0.08 0.27 0.38 0.02 0.36 0.00 0.32 0.18 −0.15 0.30 −0.13 0.15 0.22 −0.72 −0.67 −0.77 −0.70 −0.37 −0.63 −0.84 −0.99 −0.78 −0.49 −0.42 −0.30 −0.06 −0.13 −0.64

min. 0.86 0.88 0.80 0.20 0.80 −0.65 −0.47 −0.69 −0.80 −0.59 −0.01 −0.44 −0.60 −0.70 −0.51 −0.64 −0.47 −0.70 −0.85 −0.62 −0.72 −0.78 −0.87 −0.15 −0.89 −0.51 −0.71 0.06 0.00 −0.75 −0.10 −0.03 0.03 0.01 0.02

Day
max. 0.24 0.44 0.58 0.15 −0.63 −0.45 −0.21 −0.70 −0.10 0.41 −0.36 −0.29 −0.52 0.01 0.32 −0.47 −0.12 −0.66 −0.22 0.40 −0.25 −0.38 −0.70 −0.59 0.35 0.03 −0.11 −0.44 −0.17 0.80 0.41 0.29 0.20 0.33 0.27

min. −0.16 −0.04 −0.57 −0.36 −0.20 −0.51 −0.51 0.23 −0.31 −0.36 −0.35 −0.35 0.38 −0.16 0.50 −0.43 −0.45 0.29 −0.29 −0.40 0.30 0.66 0.34 0.06 0.39 0.32 0.14 0.03 0.37 0.79 0.79 0.87 0.68 0.88 0.00

Night
max. −0.27 −0.28 −0.04 −0.27 −0.53 −0.23 0.18 −0.68 −0.14 0.25 −0.11 0.09 −0.48 −0.02 0.09 −0.19 0.23 0.55 −0.24 0.20 0.28 0.00 0.00 −0.32 0.48 0.46 0.39 0.35 −0.01 0.80 −0.37 −0.14 0.29 0.03 −0.02

min. −0.45 0.30 −0.25 −0.43 −0.02 −0.17 −0.28 −0.64 −0.39 −0.37 0.02 0.05 −0.39 −0.29 −0.43 −0.08 −0.21 0.56 −0.40 −0.48 0.49 0.21 0.17 0.44 0.05 0.55 0.33 0.31 0.50 0.26 0.29 0.51 0.46 0.04 −0.41

P mean 0.54 0.65 −0.19 0.17 −0.52 −0.23 −0.11 −0.39 −0.75 −0.42 −0.11 −0.54 – −0.63 −0.28 −0.22 −0.46 −0.03 −0.36 −0.20 0.43 0.56 −0.06 0.20 −0.71 0.41 0.08 0.42 −0.08

Significant correlation coefficients levels (P < 0.05) are in bold.
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Table 3. Pearson correlation coefficient of latewood width and meteorological parameters

Blueberry pine forest (SP1) Blueberry pine forest (SP2) Blueberry pine forest (SP3) Blueberry pine forest (SP4) Blueberry pine forest (SP5) Cowberry pine forest (SP6) Pine on swamp (SP7)

May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept.

tair tair

Daily mean 0.15 0.13 −0.32 0.40 0.14 0.31 −0.12 0.67 0.15 0.21 0.31 0.16 0.77 0.13 0.13 0.27 0.30 −0.04 0.63 0.26 −0.29 −0.36 0.06 −0.66 −0.54 −0.54 −0.42 −0.34 −0.55 0.07 0.49 0.24 −0.34 −0.62 0.27

Day
max. 0.00 −0.25 −0.27 0.43 0.11 0.30 −0.02 0.67 0.24 0.10 0.24 0.09 0.72 0.17 −0.02 0.14 0.03 0.60 0.26 0.14 −0.31 0.38 0.11 −0.64 −0.17 −0.32 0.07 −0.35 −0.57 0.18 0.47 0.20 −0.36 −0.54 0.34

min. 0.02 −0.24 −0.13 0.38 0.11 0.30 −0.02 0.68 0.20 0.06 0.25 0.11 0.77 0.16 0.00 0.27 0.03 0.65 0.23 0.13 −0.32 0.40 0.07 0.64 −0.25 −0.34 0.05 −0.36 −0.56 0.11 0.45 0.27 −0.35 −0.54 0.34

Night
max. 0.03 0.30 −0.45 0.17 −0.01 0.48 −0.15 0.62 −0.02 0.44 0.42 0.01 0.76 0.01 0.21 0.42 −0.13 0.60 0.00 0.42 −0.33 0.82 0.20 0.57 0.13 −0.46 −0.47 −0.15 −0.22 0.28 0.35 0.12 0.28 −0.61 0.07

min. 0.05 0.08 −0.46 0.17 0.17 0.48 −0.10 0.62 −0.03 0.28 0.42 0.01 0.77 0.00 0.26 0.42 −0.08 0.61 −0.07 0.45 −0.32 −0.70 −0.16 0.56 0.00 −0.46 −0.21 −0.17 −0.21 0.25 0.35 0.16 −0.27 −0.61 0.07

tdp tdp

Daily mean 0.22 −0.07 −0.57 −0.26 −0.05 0.44 −0.23 −0.14 −0.36 0.49 0.30 −0.04 −0.03 −0.3.1 0.32 0.42 −0.27 −0.15 −0.33 0.51 0.02 0.15 0.51 0.26 0.50 −0.43 −0.08 0.49 0.44 0.21 0.20 0.66 −0.07 −0.33 0.21

Day
max. 0.23 0.20 0.69 0.09 −0.14 0.44 −0.28 0.53 −0.10 0.43 0.30 −0.11 −0.66 −0.13 0.23 0.40 −0.34 0.9 −0.03 0.44 0.01 −0.50 0.35 −0.17 0.36 −0.43 0.08 0.12 0.12 0.41 0.22 0.73 −0.23 −0.67 0.25

min. 0.19 −0.03 0.60 −0.31 −0.11 0.47 −0.21 0.10 −0.31 0.49 0.30 0.03 0.03 −0.27 0.32 0.43 −0.26 −0.11 −0.28 0.52 0.05 −0.17 0.52 0.29 0.27 −0.37 −0.12 0.48 0.46 0.28 0.12 0.62 −0.07 −0.29 0.25

Night
max. 0.21 0.13 0.62 0.21 0.03 0.47 −0.25 0.62 −0.21 0.45 0.36 −0.11 0.76 −0.19 0.23 0.46 −0.31 0.59 −0.15 0.42 −0.08 −0.49 0.29 −0.38 0.10 −0.50 −0.29 0.01 −0.03 0.21 0.22 0.64 −0.23 −0.67 0.11

min. 0.22 0.20 0.65 −0.27 −0.02 0.46 −0.18 0.06 −0.40 0.58 0.33 −0.04 0.20 0.34 −0.42 0.44 −0.23 0.04 −0.39 0.58 −0.04 −0.36 0.49 0.29 −0.02 −0.47 −0.37 0.40 0.45 0.07 0.21 0.57 −0.13 −0.27 0.08

H H

Daily mean 0.02 −0.04 −0.18 −0.41 −0.48 0.07 −0.28 −0.68 −0.54 0.32 −0.17 −0.41 −0.60 −0.55 0.21 0.05 −0.44 −0.53 0.48 0.21 0.51 0.05 −0.44 0.55 0.64 0.42 0.16 0.49 0.77 0.21 −0.64 0.24 0.31 0.04 −0.19

Day mean 0.06 −0.01 −0.08 −0.18 −0.36 0.07 −0.24 −0.63 −0.39 0.44 −0.13 −0.40 −0.55 −0.39 0.32 0.09 −0.39 −0.57 0.34 0.37 0.49 0.10 0.07 0.64 0.74 0.45 0.22 0.56 0.87 0.34 −0.68 0.14 0.34 0.11 0.22

Night mean 0.13 −0.14 0.21 0.56 0.03 −0.03 −0.22 −0.56 −0.59 −0.24 −0.20 −0.25 −0.54 −0.70 −0.08 0.06 −0.35 −0.56 −0.52 −0.35 0.52 0.12 −0.48 0.14 0.08 0.30 0.05 0.18 0.11 0.47 −0.42 0.53 0.20 −0.26 0.16

WS WS

Daily

mean 0.42 0.24 0.25 0.15 0.19 0.44 0.25 −0.34 −0.05 0.04 −0.23 −0.12 −0.08 −0.04 −0.14 −0.41 −0.23 −0.33 −0.18 −0.10 −0.52 −0.30 −0.60 −0.63 −0.37 −0.47 −0.44 −0.63 −0.59 −0.3 0.33 0.77 0.46 0.31 0.42

max. 0.47 0.36 0.60 0.26 0.38 −0.09 0.39 0.08 0.27 0.38 0.02 0.36 0.00 0.32 0.18 −0.15 0.30 −0.13 0.15 0.22 −0.72 −0.67 −0.77 −0.70 −0.37 −0.63 −0.84 −0.99 −0.78 −0.49 −0.42 −0.30 −0.06 −0.13 −0.64

min. 0.86 0.88 0.80 0.20 0.80 −0.65 −0.47 −0.69 −0.80 −0.59 −0.01 −0.44 −0.60 −0.70 −0.51 −0.64 −0.47 −0.70 −0.85 −0.62 −0.72 −0.78 −0.87 −0.15 −0.89 −0.51 −0.71 0.06 0.00 −0.75 −0.10 −0.03 0.03 0.01 0.02

Day
max. 0.24 0.44 0.58 0.15 −0.63 −0.45 −0.21 −0.70 −0.10 0.41 −0.36 −0.29 −0.52 0.01 0.32 −0.47 −0.12 −0.66 −0.22 0.40 −0.25 −0.38 −0.70 −0.59 0.35 0.03 −0.11 −0.44 −0.17 0.80 0.41 0.29 0.20 0.33 0.27

min. −0.16 −0.04 −0.57 −0.36 −0.20 −0.51 −0.51 0.23 −0.31 −0.36 −0.35 −0.35 0.38 −0.16 0.50 −0.43 −0.45 0.29 −0.29 −0.40 0.30 0.66 0.34 0.06 0.39 0.32 0.14 0.03 0.37 0.79 0.79 0.87 0.68 0.88 0.00

Night
max. −0.27 −0.28 −0.04 −0.27 −0.53 −0.23 0.18 −0.68 −0.14 0.25 −0.11 0.09 −0.48 −0.02 0.09 −0.19 0.23 0.55 −0.24 0.20 0.28 0.00 0.00 −0.32 0.48 0.46 0.39 0.35 −0.01 0.80 −0.37 −0.14 0.29 0.03 −0.02

min. −0.45 0.30 −0.25 −0.43 −0.02 −0.17 −0.28 −0.64 −0.39 −0.37 0.02 0.05 −0.39 −0.29 −0.43 −0.08 −0.21 0.56 −0.40 −0.48 0.49 0.21 0.17 0.44 0.05 0.55 0.33 0.31 0.50 0.26 0.29 0.51 0.46 0.04 −0.41

P mean 0.54 0.65 −0.19 0.17 −0.52 −0.23 −0.11 −0.39 −0.75 −0.42 −0.11 −0.54 – −0.63 −0.28 −0.22 −0.46 −0.03 −0.36 −0.20 0.43 0.56 −0.06 0.20 −0.71 0.41 0.08 0.42 −0.08

Significant correlation coefficients levels (P < 0.05) are in bold.
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daytime and nighttime values (0.72–0.77) and in SP5 
with night values in June.

Direct (0.77‒0.88) and inverse (−0.7 to −0.99) cor-
relation with the minimum and maximum daily values 
of wind speed was found on all SPs. Moreover, it corre-
lated with the wind speed for the entire growing season 
in SP5, but the reaction was different in the same type 
of SP.

A reliable correlation with the humidity of August 
and September was established in SP 3, 5, 6 (0.64–0.87). 
Also, at SP 3, 4, 5, an inverse correlation was estab-
lished with precipitation in May and August (−0.63 to 
−0.75) (Tab. 3).

DIScuSSIOn

The wind has a diverse effect on the growth of a tree. 
Low wind speeds have a positive effect on photosyn-
thesis by reducing the leaf surface temperature, in-
creasing transpiration (Ennos 1997; Grace 1998; Smith 
and Jarvis 1998) and increasing the gas exchange of 
CO2 and O2, which accelerates enzymatic reactions 
(Kimmins 1987; Zhu et al. 2000). Stands on SP 1–5 
grow in the same type of forest, but blueberries (Vac-
cinium myrtillus L.) grow in broad edaphic conditions, 

which affects the growth dynamics of pine (Forests of 
the USSR 1966). The positive and negative correla-
tions of wind speed in the blueberry type are probably 
caused by the different completeness and composition 
of stands. From a pine forest in a swamp, the wind has 
a positive effect on the growth of LW due to increased 
transpiration.

In general, the radial growth of pine LW in blue-
berry and cowberry and on swamp forest types have 
a similar reaction to the variability of meteorological 
factors, the most important of which is wind speed and 
air temperature (June–July). Only in pine on swamp, 
a correlation with relative humidity was also found and 
there was no correlation with precipitation.

There is an opinion that the proportion of LW is 
a genotypically determined trait and is not subject to 
change under the influence of external factors (Shchek-
alyov et al. 2005; Kosichenko et al. 2011). But most stud-
ies refute this opinion and indicate a significant contri-
bution of weather conditions to the growth of LW. So, in 
Finland, last year’s precipitation and the air temperature 
of July and August of this year are the limiting factors 
for the growth of LW (Mikola 1950; Leikola 1969; Sai-
kku 1975; Kellomäki 1979; Miina 2000). In Central Si-
beria, the hydrothermal regime of August–September 
directly affects the morphometric parameters of the tra-
cheids of LW (Antonova and Stasova 2015).

In the European part of Russia, zonality plays 
a greater influence on the growth of LW than the local 
growing conditions (Kiseleva and Sakharova 2014). In 
the conditions of the forest steppe, the variability of the 
LW content is insignificant in favourable forest-grow-
ing conditions (Kiseleva and Platonova 2016).

In the west of France, LW is more changeable 
due to weather than early wood. An inverse correla-
tion with July temperature and a direct correlation 
with precipitation were found for this territory (Leb-
ourgeois 2000). Similar dependencies were obtained 
for the Crimean peninsula (Koval 2013) and Portugal 
(Campelo 2007).

In the forests of the Belarusian Poozerie, the lack of 
precipitation and the high air temperature in July have 
a negative effect on the growth of late pine wood. The 
high variability of the width of the LW, compared with 
the early one, was noted, which is probably due to less 
favourable weather conditions for its formation (Bolbo-
tunov and Degtjareva 2020).
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Figure 2. Dynamics of radial growth LW of pine forest for 
2008–2015



Folia Forestalia Polonica, Series A – Forestry, 2022, Vol. 64 (1), 7–14

Effect of meteorological factors on the radial growth of pine latewood in northern taiga 13

cOncluSIOn

The radial growth of pine LW in the conditions of the 
European North of Russia is variable and is largely de-
termined by the weather conditions of the current grow-
ing season. Limiting factors of LW growth are air tem-
perature and wind speed.

AcKnOwleDgeMenTS 

This study was supported by the state assignment no. 
122011300380-5 for N.P. Laverov Federal Center for In-
tegrated Arctic Research, Ural Branch, Russian Acad-
emy of Sciences.

reFerenceS

Antonova, А.А., Stasova V.V. 2015. Seasonal distribu-
tion of processes responsible for radial diameter 
and wall thickness of Scots pine tracheids. Siberian 
Journal of Forest Science, 2, 33–40. DOI: 10.15372/
SJFS20150203

Bolbotunov, A.A, Degtjareva, E.V 2020. Features of the 
seasonal annual increment of conifers wood in for-
ests in the north of Belarus (in Russian). Herald of 
Polotsk State University. Series F. Civil Engineer-
ing Applied Sciences, 8, 29–32.

Campelo, F., Nabais, C., Freitas, H., Gutiérrez, E. 2007. 
Climatic significance of tree-ring width and intra-
annual density fluctuations in Pinus pinea from 
a dry Mediterranean area in Portugal. Annals of 
Forest Science, 64, 229–238. DOI: 10.1051/for-
est:2006107

Deslauriers, A., Morin, H., Begin, Y. 2003. Cellular 
phenology of annual ring formation of Abies bal-
samea in the Quebec boreal forest (Canada). Ca-
nadian Journal of Forest Research, 33, 190–200. 
DOI: 10.1139/x02-178

Ennos, A.R. 1997. Wind as an ecological factor. Trends 
in Ecology and Evolution, 12, 108–111.

Feklistov, P.A., Evdokimov, V.N., Barzut, V.M. 1997. 
Biological and ecological features of pine growth 
in the northern subzone of the European taiga (in 
Russian). CPI AGTU, Arkhangelsk, Russia. 

Forests of the USSR. 1966. Vol. 1. Forests of the north-
ern and middle taiga of the European part of the 
USSR (in Russian). Nauka, Moscow, USSR. 

Grace, J. 1988. Plant response to wind. Agriculture. 
Ecosystems and Environment, 22/23, 71–88.

Huang, J.G., Bergeron, Y., Zhai, L.H., Denneler, B. 
2011. Variation in intra-annual radial growth (xy-
lem formation) of Picea mariana (Pinaceae) along 
a latitudinal gradient in western Quebec, Canada. 
American Journal of Botany, 98, 792–800. DOI: 
10.3732/ajb.1000074

Jeong, G.Y., Zink-Sharp, A., Hindman, D.P. 2009. Ten-
sile properties of earlywood and latewood from 
Loblolly pine (Pinus taeda) using digital image cor-
relation. Wood Fiber Science, 41 (1), 51–63.

Kellomäki, S. 1979. The effect of solar radiation and air 
temperature on basic density of Scots pine wood. 
Silva Fennica, 13, 304–315.

Kilpeläinen, A., Peltola, H., Ryyppö, A., Sauvala, K., 
Laitinen, K., Kellomäki, S. 2003. Wood properties 
of Scots pines (Pinus sylvestris) grown at elevated 
temperature and carbon dioxide concentration. Tree 
Physiology, 23 (13), 889–897. DOI: 10.1093/tree-
phys/23.13.889

Kimmins, J.P. 1987. Forest Ecology. Macmillan, New 
York, Collier Macmillan, London.

Kiseleva, A.V., Platonova, A.S. 2016. Assessment of the 
quality of common pine wood by the percentage 
of late wood (in Russian). New Science: Strategies 
and Vectors of Development, 3–2 (70), 110–113. 

Kiseleva, A.V., Sakharova, V.N. 2014. Changes in the 
percentage of late wood along the radius of trunks 
of scots pine under different environmental condi-
tions (in Russian). Actual Directions of Scientific 
Researches of the XXI Century: Theory and Prac-
tice, 2 (2, 1), 240–246. DOI: 10.12737/3010

Kosichenko, N.E., Kiseleva, A.V., Snegireva, S.N. 2011. 
Patterns of formation of high-quality wood (in Rus-
sian). Forest Engineering Journal, 4, 68–72. 

Koval, I. 2013. Climatic signal in earlywood, latewood 
and total ring width of Crimean pine (Pinus ni-
gra subsp. pallasiana) from Crimean Mountains, 
Ukraine. Baltic Forestry, 19 (2), 245–251. 

Lebourgeois, F. 2000. Climatic signals in earlywood, 
latewood and total ring width of Corsican pine from 
western France. Annals of Forest Science, 57 (2), 
155–164.



Folia Forestalia Polonica, Series A – Forestry, 2022, Vol. 64 (1), 7–14

Nikolay Neverov, Zinaida Chistova, Alexandr Mineev14

Leikola, M. 1969. The influence of environmental fac-
tors on the diameter growth of forest trees. Auxano-
metric study. Acta Forestalia Fennica, 92, 1–144.

Miina, J. 2000. Dependence of tree-ring, earlywood and 
latewood indices of Scots pine and Norway spruce 
on climatic factors in eastern Finland. Ecological 
Modelling, 132, 259–273.

Mikola, P. 1950. On variations in tree growth and their 
significance to growth studies. Communicationes 
Instituti Forestalis Fenniae, 38, 1–131.

Peltola, H., Gort, J., Pulkkinen, P., Zubizarreta Gerendi-
ain, A., Karppinen, J., Ikonen, V. 2009. Differences 
in growth and wood density traits in Scots pine (Pi-
nus sylvestris L.) genetic entries grown at different 
spacing and sites. Silva Fennica, 43 (3), 339–354.

Polubojarinov, O.I. 1976. Wood density (in Russian). 
Forest Industry, Moscow, USSR. 

Pritzkow, C., Heinrich, I., Grudd, H., Helle, G. 2014. 
Relationship between wood anatomy, tree-ring 
widths and wood density of Pinus sylvestris L. and 
climate at high latitudes in northern Sweden. Den-
drochronologia, 32 (4), 295–302. DOI: 10.1016/j.
dendro.2014.07.003

Rinn, F. 2003. TSAP-Win TM: Time series analysis and 
presentation for dendrochronology and related ap-
plications. Rinntech Heidelberg, Heidelberg.

Saikku, O. 1975. The effect of fertilization on the basic 
density at Scots pine (Pinus sylvestris L.). A den-
siometric study on the x-ray chart curves of wood. 
Communicationes Instituti Forestalis Fenniae, 85, 
1–49.

Shchekalyov, R.V., Korovin, V.V., Tarkhanov, S.N. 
2005. The content of late wood in the annual ring 
of scots pine (in Russian). Actual Problems of the 
Forest Complex, 10, 71–74. 

Smith, D.M., Jarvis, P.G. 1998. Physiological and envi-
ronmental control of transpiration by trees in wind 
breaks. Forest Ecology and Management, 105 (1/3), 
159–173. DOI: 10.1016/S0378-1127(97)00292-2 

Soultson, S.M. 2018. The influence of growing condi-
tions on the growth of scots pine (in Russian). Bul-
letin of Modern Research, 5.3 (20), 20–22.

Zhai, L., Bergeron, Y., Huang, J.G., Berninger, F. 2012. 
Variation in intra-annual wood formation, and foli-
age and shoot development of three major Canadian 
boreal tree species. American Journal of Botany, 
99, 827–837. DOI: 10.3732/ajb.1100235 

 Zhu, J.J., Matsuzaki, T., Sakioka, K. 2000. Wind speeds 
within a single crown of Japanese black pine (Pinus 
thunbergii Parl.). Forest Ecology and Management, 
135, 19–31. DOI: 10.1016/S0378-1127(00)00295-4 


