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ABSTRACT

The stem moisture content (MC) of living trees governs log weight, drying behavior, preservative uptake,
and the susceptibility of timber to checking and decay, while also reflecting the response of the tree to climate.
This study aimed to evaluate monthly variations in the stem MC of scots pine (Pinus sylvestris L.) and oriental
beech (Fagus orientalis Lipsky) at two altitudes and examine the relationships between stem MC and environ-
mental factors such as air humidity, temperature, and soil moisture. Stems were sampled monthly over a full
annual cycle at two contrasting altitudes in the Andes. The cross-sections were partitioned into radial zones,
and the air temperature, relative humidity, and soil moisture were recorded in parallel. Altitude and sampling
month significantly affected stem MC for both species. The annual mean reached 57% at high altitudes versus
50% at low altitudes in Scots pine (Pinus sylvestris L.) and 70% versus 58% in oriental beech (Fagus orientalis
Lipsky). Stem MC peaked in October-December and February-March, and fell to its annual minimum during
summer. Radially, MC in Scots pine (Pinus sylvestris L.) increased from the bark towards the inner sapwood
(mean = 85%) and then dropped sharply to ~ 35% in the heartwood, with the sapwood-heartwood contrast wi-
dening at higher altitudes. Oriental beech (Fagus orientalis Lipsky) showed a more gradual gradient (sapwood
~ 79%, heartwood ~ 55%), and at lower altitudes, the two zones became virtually indistinguishable in some
summer months. Stem MC was positively correlated with soil moisture in both species. Oriental beech (Fagus
orientalis Lipsky) additionally showed a positive correlation with relative humidity and a strong negative
correlation with air temperature, whereas scots pine (Pinus sylvestris L.) MC was not associated with at-
mospheric variables. Therefore, altitudinal origin and felling month carry a predictable signal of log moisture,
with direct consequences for transport, drying, impregnation, and defect management. January felling emerged
as the most favorable window, and the dataset supports fire risk modelling, biomass energy calculations, and
drought stress assessments for two ecologically and economically important species.
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INTRODUCTION

Scots pine (Pinus sylvestris L.) and oriental beech (Fagus orientalis Lipsky) are important tree species
used naturally and for impregnation in many areas of the wood industry. Scots pine (Pinus sylvestris L.) is
a taxon with a wide climatic and edaphic range throughout the Eurasian continent, from 37°N to 70°20N
(Matyas et al. 2004). In Turkey, which is its southernmost border (Kayacik 1980), scots pine (Pinus sylvestris
L.) is found in pure and mixed forms over an area of 1,46 million hectares (GDF 2024). Oriental beech (Fagus
orientalis Lipsky) has the largest geographical distribution in Turkey (1,9 million hectare), followed by Bulga-
ria, Greece, Crimea, Caucasus, and Iran. In Turkey, north-facing slopes along the Black Sea provide the most
suitable growing conditions for this species (Yaltirik 1982). According to the average of the last ten years 3,3
million cubic meters of oriental beech (Fagus orientalis Lipsky) (36 % as logs) and 1,5-2 million cubic meters
of scots pine (Pinus sylvestris L.) (35 % as logs) are produced annually in Turkey (GDF 2024). These species,
which have low natural durability, can deteriorate after log production under the influence of many biotic and
abiotic factors, and their quality characteristics can decrease in a short time. One of the variables that most
directly governs this process — and that simultaneously underlies log weight, drying behaviour, preservative
uptake and the physiological water status of the standing tree — is the stem moisture content (MC; green mois-
ture content of the stem or log).

Oriental beech (Fagus orientalis Lipsky) wood has a diffuse-porous structure, with its conducting
vessels distributed homogeneously throughout the growth ring. Additionally, since it does not exhibit prominent
heartwood formation and is largely characterized as sapwood, the trunk as a whole is highly sensitive to water
conduction and changes in moisture. These anatomical features directly affect the wood’s moisture behavior
(Schweingruber 1990).

Although the moisture content (MC) of trees varies within species (Haygreen and Bowyer 1996), factors
such as the location of growth of these species, stand structure, site quality, soil moisture content, season
and age of trees, dendrometry, and densitometry have an important influence on MC (Ward and Pong 1980,
Constant et al. 2002). MC can vary along the length and radial direction of each stem (Chen et al. 1998).
Studies have shown that the distribution of moisture across the radial section of the tree stem is evaluated by
dividing it into three zones in some studies (Nakada et al. 1999b) and into five zones in others (Nakada et al.
1999a, Constant et al. 2002, Chiu and Lin 2007), depending on the classification approach used. Radially, a
marked variation from the outside to the inside was observed owing to the active water conduction of the sap-
wood and the inactive water conduction structure of the heartwood (Gartner et al. 2004). Beyond these spatial
patterns, stem MC also tracks short-term climatic variability: air temperature, vapor pressure deficit, relative
humidity, and soil water content jointly regulate transpiration, sap flow, and xylem water storage, and these
processes translate into measurable seasonal fluctuations in the water held in the living stem (Kdcher ef al.
2009, Oberhuber et al. 2023).

Variables that occur in the anatomical structure of a tree during its development could effectively change
stem MC. Passage aspiration in conifers and veil formation in broadleaved species are among the most
important reasons for stem MC differences. In addition, it has been found that the conductive elements of
wood are filled with various extractives, resins, etc. in the heartwood section, which prevents water conduction
(Koch 1972, Tsoumis 1991). Regardless of the differences in the anatomical structures of the tree’s woody
trunk, it has been reported that the presence of soil moisture directly affects the moisture content of tree stem
wood by controlling the dynamics of water storage and uptake in the xylem, and this effect is closely related
to changes in sap flow and hydraulic conductivity (Matheny ez al. 2015). What remains comparatively unex-
plored, however, is the way in which altitude reshapes this annual MC signal through its coupled effect on tem-
perature, precipitation, evaporative demand, growing-season length and the timing of soil-moisture recharge
(Korner 2007, Song et al. 2016, Pacheco et al. 2018). For Scots pine (Pinus sylvestris L.) and oriental beech
(Fagus orientalis Lipsky), particularly at the southern margin of their ranges, most existing MC datasets are
restricted to a single felling event, to growing-season campaigns, or to laboratory-equilibrated specimens, and
therefore do not capture the combined effect of altitude and season on living-stem water.

To address this gap, the present study was designed around year-round destructive sampling at contrasting
altitudinal positions for both species, paired with continuous monitoring of air temperature, relative humidity
and soil moisture content. A full annual cycle was preferred to a growing-season-only campaign so that dor-
mant-period dynamics, when transpiration is reduced and soil water is replenished, could be quantified along-
side the high-demand summer months. Within this framework, the main objectives of the study are:
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e to investigate the changes in stem MC throughout the year in scots pine (Pinus sylvestris L.) and
Oriental beech (Fagus orientalis Lipsky), two commercially important species sampled at contrasting alti-
tudes;

e to describe the radial distribution of MC across the stem cross-section of each species and to test how
this radial pattern is modulated by altitude and season;

*  to determine the correlations between stem MC and ambient air temperature, relative humidity and
soil moisture content.

The principles used to determine the physical properties of living trees are strongly influenced by stem
MC. A clearer description of how trunk MC changes throughout the year, in the radial direction and across
altitudinal positions will therefore contribute to the reliability of these test methods and to the interpretation of
tree water status under increasingly variable climate conditions.

In practical terms, knowledge of the seasonal stem MC of the species under study is essential for
estimating the approximate green density of logs and for providing reliable data to timber producers. Because
water typically accounts for around half of the weight of a freshly felled log, the resulting information will
help both the forest enterprises producing logs and the companies responsible for processing, drying and
impregnating them to organize their operations on a more realistic basis. The same dataset will further support
forest-fire risk assessment, biomass-energy yield estimation, and the analysis of tree physiology and drought
stress in two species of high economic and ecological importance.

MATERIAL AND METHODS

In this study, we investigated the monthly variation in stem MC of scots pine (Pinus sylvestris L.) and
oriental beech (Fagus orientalis Lipsky) growing at different altitudes. In this context, two sampling plots were
selected at different altitudes in pure oriental beech (Fagus orientalis Lipsky) and Scots pine (Pinus sylvestris
L.) stands in the Diizce region of Tiirkiye. When selecting the sampling areas, the orientation of the terrain
was considered, and both the lower and upper areas were positioned in the northeast direction. For the monthly
measurements, increment cores were taken from four trees in each group (combination of tree species and
altitude) to measure moisture; three of these cores were taken from the same individuals each month, whereas
the fourth was taken each month from a different individual. Thus, 16 trees were measured each month for all
the altitudes and tree species. Trees were selected by visual assessment, and care was taken to ensure that they
were representative of the stand, in the dominant layer, and indicative of future tree characteristics. No visible
stem defects, dry branches, or dry or discolored leaves were observed. The data on sampling plots and tree
species are presented in Table 1.

Monthly average air temperature and relative humidity measurements were taken by placing data loggers
capable of measuring every 4 h in the sampling plots. At the end of the measurement, data were collected in the
field and analyzed using the data loggers. In addition, to examine the monthly changes in soil moisture from
each sampling area, two separate bags of soil samples were taken from 10 cm (P10) and 30 cm (P30) depths
and transported to the laboratory. The fresh weights of the soils were measured in the laboratory, dried at 103
°C, and reweighed to calculate the gravimetric moisture content of the soil.

According to the average climate data of Diizce Province, where the sampling areas are located, between

1959 and 2023, the average air temperature was 13.2 °C and the total annual precipitation was 838 mm. The
vegetation period is between Apr and Oct, and the precipitation is 422 mm (GDM 2024).

Table 1: Information on sampling areas and tree species

Sampling areas Tree species | Mean | disotree | Mean | Altitude | Geographical location
tree | diameter | tree (m)
height | (cm) age
(m) (year)
High altitude (HA) |  Scots pine 20 35 59 1290 | 40°41'38"N 31°21'25"E
Oriental beech | 20 31 61 1288 | 40°41'38'"N 31°21'30"E
Low altitude (LA) | Scots pine 19 34 58 1105 | 40°42'26'"N 31°22'15"E
Oriental beech | 19 31 62 791 | 40°45'04'"N 31°22'19"E
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Detection of tree stem moisture

To determine the monthly stem MC, three identical trees and one tree were rotated monthly selected from
each sampling plot. Cores were collected from the north-facing sides of the trunk (radial direction from bark
to pith) at breast height using a Hagl6f increment borer (Figure 1). Monthly diameter cores were taken sequen-
tially from the above of the stem to the bottom of the breast height, as shown in Figure 2. Care was taken not
to intersect the boreholes to prevent water transfer in the longitudinal direction of the body. All cores were
removed from the drill, placed in zip-lock storage bags to prevent moisture loss in the field, and taken to the
laboratory. On the same day, the fresh weights of the cores were measured in the laboratory with an accuracy
of 0,001g. The radial sections of the core were then cut into six pieces, from the bark towards the core, and
numbered (Figure 2).
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Figure 1: Plan of core sample cutting and illustration of the radial positions (*: Month/Year).

After weighing the wet weights (m,) of the core samples, they were dried in an oven at 103 °C for 24 h,
after which the oven-dry weights (m ) were weighed again. The MC of each piece was obtained using Equa-
tion shown in Equation 1. This provided the MC of the heartwood and sapwood of each tree and the average
monthly MC of the trunk.

ac =) o %) (1)

m,
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Figure 2: The process of obtaining core sample from trees.

Statistical analysis

A two-way analysis of variance (ANOVA) was performed for each tree species to determine the effect
of altitude, time, and their interaction on stem moisture content (MC). Prior to analysis, stem MC data were
subjected to an ArcSin transformation to meet the assumptions of normality. In each species x altitude group,
four trees were sampled monthly: three trees were monitored repeatedly throughout the study, while the fourth
sample was collected each month from a different individual. Given that a substantial portion of the obser-
vations originated from different individuals, the measurements were treated as independent, and a standard
two-way ANOVA framework was applied. However, it is important to note that measurements from the same
trees over time may be temporally dependent which was not fully addressed in this analysis and is a limitation.
When ANOVA indicated significant differences, Tukey’s HSD test was performed for pairwise comparisons.
To explore associations further, Pearson’s correlation analysis was used to examine relationships between stem
MC and soil moisture, relative humidity, and air temperature. All statistical analyses were performed using
IBM SPSS for Windows, version 21, and statistical significance was set at p < 0.05.

RESULT AND DISCUSSION

An inversely proportional relationship between air temperature and relative humidity was observed at
different altitudes. The relative humidity was higher at higher altitudes than at lower altitudes. An opposite
relationship was observed for relative humidity. The lowest mean air temperature and highest relative humidity
were recorded in Feb. In general, high air temperatures and low relative humidity were observed in the 6th,
7th, and 8th months (Figure 3).
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Figure 3: Monthly distribution of air temperature and relative humidity (RH) at different altitudes (LA, Low
altitude; HA, High altitude).

The average soil moisture of scots pine (Pinus sylvestris L.) and oriental beech (Fagus orientalis Lipsky)
soils at different depths at high and low altitudes (Figure 6) and their changes throughout the year are shown in
(Figure 4, Figure 5). Soil moisture varied from month to month, and this variability was greater at lower altitu-
des. As expected, soil moisture was lowest in summer (6, 7, 8, and 9 months) and highest in Mar and May (38
% in scots pine (Pinus sylvestris L.) sites and 29 % in oriental beech (Fagus orientalis Lipsky) sites). Similar
to our findings, Sarty1ldiz and Savaci (2023) found that the soils of scots pine (Pinus sylvestris L.) and oriental
beech (Fagus orientalis Lipsky) stands at higher altitudes (1189 m) were wetter than those at lower altitudes
(871 m). This may be because evaporation from the soil is lower at high altitudes than at low altitudes owing
to higher precipitation and lower air temperatures (Cepel 1995, Pellet and Hauck 2017). Soil moisture also in-
creases with increasing soil depth (Kantarc1 2000, Cao et al. 2023). During the summer months, the decrease in
precipitation and increase in air temperature led to an increase in evaporation from the soil surface and tree leaf
transpiration, resulting in more water being used from the soil and a decrease in soil moisture (Cepel 1995).
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Figure 4: Monthly average soil moisture of scots pine (Pinus sylvestris L.) species at two different altitudes.
LA, Low altitude; HA, High altitude; P10 (10 cm depth); P30 (30 cm depth)
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Figure 5: Monthly average soil moisture of oriental beech (Fagus orientalis Lipsky) species at two different
altitudes. LA, Low altitude; HA, High altitude; P10 (10 cm depth); P30 (30 cm depth).
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Figure 6: Changes in soil moisture with altitude differences in scots pine (Pinus sylvestris L.) and oriental
beech (Fagus orientalis Lipsky) forests.

The analysis of variance showed that altitude, time, and the interaction of altitude x time had a statistically
significant effect on the stem MC of scots pine (Pinus sylvestris L.). Altitude and time affected the stem MC
of oriental beech (Fagus orientalis Lipsky), but the interaction of altitude x time was not significant (Table 2).
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Table 2: Analysis of variance results for stem MC (%) of scots pine (Pinus sylvestris L.) and oriental beech
(Fagus orientalis Lipsky) tree.

Tree species / Factors Type III df Mean F Sig.
Sum of Square
Squares
Scots pine Altitude (A) 0.214 1 0.214 17.913 0,000
(Pinus Time (T) 0,511 11 0,046 3,894 0,000
svivestris | Interaction (AxT) 0,290 11 0,026 2,211 0,023
L) Error 0,860 72 0,012
Total 33,908 96
Corrected Total 1.876 95
Oriental Altitude (A) 0,562 1 0,562 94,585 0,000
beech Time (T) 0316 11 0,029 4,844 0,000
(Fagus | Interaction (AxT) 0,023 11 0,002 0,348 0,971
orientalis Error 0427 72 0.006
Lipsky) Total 48931 96
Corrected Total 1328 95

When the changes in the monthly mean stem MC of the tree species were examined without considering
the altitude difference, the annual mean stem MC of the tree species scots pine (Pinus sylvestris L.) and oriental
beech (Fagus orientalis Lipsky) were 54 % and 64 %, respectively (Table 3).

When the differences in altitude were considered, the stem MC of scots pine (Pinus sylvestris L.) was
approximately 7 % higher and that of oriental beech (Fagus orientalis Lipsky) was approximately 13 % higher
at higher altitudes than at lower altitudes. This is due to the fact that the difference between high and low alti-
tudes is greater in scots pine (Pinus sylvestris L.) areas than in oriental beech (Fagus orientalis Lipsky) areas
(Table 1). This altitudinal contrast is consistent with the cooler temperatures, lower atmospheric water demand
and delayed soil-water depletion that elevation imposes on the growing season (Korner 2007), conditions that
keep the xylem hydrated for longer into the year. The more pronounced response in oriental beech (Fagus
orientalis Lipsky) can in turn be attributed to its diffuse-porous anatomy and poorly differentiated heartwood
(Schweingruber 1990): because most of the stem cross-section functions as sapwood, changes in soil water
availability translate more uniformly into stem MC than in scots pine (Pinus sylvestris L.), where the drier,
resin-occluded heartwood damps the radial signal.

The mean stem MC of scots pine (Pinus sylvestris L.) was the lowest in Jan and Jun, with 47 % on an
annual basis. The highest stem MC was 64 % in Feb. It is important to note that the transition from Jan to Feb
was very sharp, from the lowest to the highest annual stem MC (Table 3). This situation can be attributed to
the rapid transfer of frozen soil moisture to the stem with the melting of snow water and loosening of the soil
in Feb. This abrupt rise is consistent with the snowmelt-driven stem rehydration documented in seasonally
snow-covered conifer forests, where stored snow water becomes hydraulically available before transpiration
resumes and contributes substantially to the recovery of internal stem-water reserves (Chan and Bowling
2017, Nehemy et al. 2022). The mid-summer minimum in June, by contrast, reflects the period of highest
atmospheric demand, when transpiration draws on these reserves faster than soil supply can replace them.

When examining the stem MC of oriental beech (Fagus orientalis Lipsky) trees, a lower stem MC was
found in the spring and summer months (Apr-Sep) compared to the monthly stem MC throughout the year.
However, low values were observed in Jan. The highest stem MC was found in autumn (Oct to Dec) and
Feb (Table 3). The lower stem MC observed between April and September overlaps with the leafed and
physiologically active period of Oriental beech (Fagus orientalis Lipsky), when sustained transpiration pro-
gressively depletes internal water reserves; this pattern aligns with the well-documented sensitivity of Fagus
species to soil-moisture deficits during the growing season (Kocher ef al. 2009, Kniiver et al. 2019). The
autumn maximum reappears once leaf fall reduces canopy demand and soils begin to recharge, while the
secondary February peak likely reflects the same snowmelt and soil-thaw window that governs the Scots pine
(Pinus sylvestris L.) signal, although muted by the species’ deciduous habit.
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Table 3: Changes in MC of scots pine (Pinus sylvestris L.) and oriental beech (Fagus orientalis Lipsky)
stems throughout the year (without any difference in altitude).

Months Scots pine Oriental beech
MC (%) Std Error MC (%) Std Error
Dec 57.7 bede 4.6 70.2 d 2.6
Jan 46.6 a 2.4 62.6 | abe 3.0
Feb 64.1 e 6.6 71.1 o 3.2
Mar 60.0 cde 3.0 68.5 cd 2.5
Apr 49.1 ab 2.4 62.8 | abe 2.8
May 57.5 bede 3.5 61.1 a 2.8
Jun 46,8 a 2.5 59.2 a 3.2
Tul 51.2 abc 2.0 61.7 ab 1.8
Aug 50.4 abe 2.4 59.7 a 2.6
Sep 51,2 abe 2.9 59.2 a 3.1
Oct 52.3 abed 2.2 68.1 cd 3.1
Nowv 61.2 de 3.7 67.4 | bed 3.5
Total 54.0 1.1 64.3 0.9
High Altitude 57.7 1.7 70,0 1.0
Low Altitude 50.3 1.2 58.6 0.9

The variation in the stem MC of scots pine (Pinus sylvestris L.) with altitude and time is shown in Figure 7.
In general, it can be seen that scots pine (Pinus sylvestris L.) at high altitudes have a higher stem MC through-
out the year than those at lower altitudes. It can also be said that stem MC in winter and spring months is quite
variable throughout the year. The most significant change was observed from Jan to Feb at high altitudes, when
the average stem MC increased from 44 % to 79 %. The data on air temperature and relative humidity showed
that, especially at high altitudes, the air temperature in Jan was very low (-1 °C), and in Feb, the average air
temperature reached 7 °C. The effect of humidity in Jan was not obvious on stem MC because of the very low
air temperature. However, when the air temperature increased in Feb, the MC of the scots pine (Pinus sylvestris
L.) stem suddenly increased owing to the combined effect of air temperature and relative humidity.
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Figure 7: Variation of stem MC throughout the year in scots pine (Pinus sylvestris L.) trees at different alti-
tudes.

The variation in the oriental beech (Fagus orientalis Lipsky) stem MC with altitude and time is shown in
Figure 8. Beech trees at high altitudes have higher stem MC throughout the year than those at low altitudes.
There was a significant change in stem MC between Jan and Feb. The lowest stem MC for oriental beech
(Fagus orientalis Lipsky) trees grown at both altitudes was observed between April and Sep. However, it can
be said that the stem MC of beech is higher in the winter and autumn months, except in Jan, than in the other
seasons.
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Figure 8: Variation of stem MC throughout the year in oriental beech (Fagus orientalis Lipsky) trees at
different altitudes

There were strong positive correlations between stem MC and soil moisture in both scots pine (Pinus
sylvestris L.) and oriental beech (Fagus orientalis Lipsky), but this correlation was higher in oriental beech
(Fagus orientalis Lipsky) trees (Table 4). While the strength of the correlation between stem MC and soil
moisture did not change with soil depth in scots pine (Pinus sylvestris L.) trees, it decreased with soil depth
in oriental beech (Fagus orientalis Lipsky) trees. In other words, oriental beech (Fagus orientalis Lipsky)
stem MC benefits more from topsoil moisture. This contrast reflects well-documented differences in rooting
strategy between the two species: oriental beech (Fagus orientalis Lipsky), like its European congener Fagus
sylvatica, maintains a fine-root system predominantly concentrated in the upper soil horizons (Finér et al.
2007, Leuschner 2020), whereas scots pine (Pinus sylvestris L.) develops a deeper, more vertically distributed
root architecture that allows it to draw on subsoil water and decouples its uptake from short-term variations in
the topsoil (Finér et al. 2007, Brinkmann et al. 2019). Therefore, the stronger topsoil dependence of oriental
beech (Fagus orientalis Lipsky) provides a direct mechanistic link to the larger altitudinal contrast measured
in its stem MC, because elevation prolongs the moist state of precisely that surface layer through cooler tem-
peratures, longer-lasting snowpack, and reduced evaporative demand — a coupling that also identifies oriental
beech (Fagus orientalis Lipsky) as the more climatically vulnerable of the two species under projected summer
warming and earlier snowmelt. There was no relationship between stem MC and air relative humidity and air
temperature in scots pine (Pinus sylvestris L.) trees, but there was a positive correlation between stem MC and
relative humidity and a negative correlation with air temperature in oriental beech (Fagus orientalis Lipsky)
trees (Table 4).

While scots pine (Pinus sylvestris L.) form taproots depending on soil depth, oriental beech (Fagus orien-
talis Lipsky) trees tend to form heart roots. Oriental beech (Fagus orientalis Lipsky) trees take up to 50 % of
their soil water from the topsoil (Gessler et al. 2022), and they struggle to compensate by accessing deeper
soil water during summer drought (Liittschwager and Jochheim 2020, Magh et al. 2020, Gessler ef al. 2022).
However, scots pine (Pinus sylvestris L.) can benefit from water in deeper soil layers than oriental beech
(Fagus orientalis Lipsky) because of its deep taproots (Bishop and Dambrine 1995). Therefore, in our study,
while the relationship between soil moisture and stem MC at both depths was the same in scots pine (Pinus
sylvestris L.), the relationship between topsoil moisture and stem MC was much stronger in oriental beech
(Fagus orientalis Lipsky) trees.

Table 4: Correlations between scots pine (Pinus sylvestris L.) and beech (Fagus orientalis Lipsky) stem
moisture content (MC), soil moisture, air relative humidity and temperature.

Mean Soil So1l moisture Soil Air Aar
moisture (%) | (10cm depth) | moisture Relative | Temperature
(30cm Humidity
depth) (%)
Scots pine (Pinus 0,530 0.497 0,486 0,364 -0.288
sylvestris L.) stem
MC
Sig. 0,008 0,014 0,016 0,080 0,172
Beech stem MC 0,829 0,851 0,780 0,723 -0,448
Sig. 0,000 0.000 0,000 0,000 0,028
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The average moisture change of the tree species along the cross-section (radius) during the year is shown
in Figure 9. For Scots pine (Pinus sylvestris L.), the highest moisture content of the cross-section was observed
in the 2nd and 3rd pieces (between 4-7 cm) from the bark section at both altitudes. A sharp decrease in the MC
was observed as it approached the core. This observation suggests that moisture variations may exist within
the sapwood and heartwood in the radial direction of the wood. Similar results have been reported in previous
studies (Constant et al. 2002). No sharp change was detected across the cross-section of oriental beech (Fa-
gus orientalis Lipsky) trees, unlike in Scots pine (Pinus sylvestris L.) (Figure 9c, Figure 9d). This is because
species belonging to the oriental beech (Fagus orientalis Lipsky) genus generally do not have a distinct heart-
wood-sapwood boundary, and their trunks are predominantly composed of sapwood (Wagenfiihr 1980, Ross
2010). It can be said that this anatomical characteristic leads to a relatively more homogeneous radial moisture
content distribution compared to species with a clear distinction between heartwood and sapwood. In addition,
the size, width, and structure of the ray parenchyma can affect transverse water transport. The fact that beech
species have wider wood rays than Scots pine (Pinus sylvestris L.) also influences radial water transport and, as
a result, leads to a more homogeneous water distribution (Carlquist 2001). In both scots pine (Pinus sylvestris
L.) and oriental beech (Fagus orientalis Lipsky), the outer sapwood has a higher MC ratio than the inner sap-
wood, and similarly, the outer heartwood has a higher MC ratio than the inner heartwood.

The MC in the cross-section ranged from 85 % to 36 % at high altitudes and from 68 % to 35 % at low
altitudes. In a previous study, MC was investigated at three different positions in the radial direction of another
beech species, common beech, and MC ratios of 48 %, 74 %, and 81 % were determined from the inside to
the outside, respectively (Longuetaud ef al. 2017). In general, the sapwood of conifers has a higher MC than
the heartwood (Tsoumis 1991, Haygreen and Bowyer 1996, Chiu and Lin 2007). This phenomenon can be
attributed to the passage aspiration that occurs in the passages during heartwood formation, the fact that sap-
wood continues to conduct water in the tree stem, unlike heartwood, and the fact that the cells that previously
served as conduits in heartwood are filled with various extractives (Koch 1972, Panshin and De Zeeuw 1980,
Tsoumis 1991).
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Figure 9: The radial profile of stem MC in Scots pine (Pinus sylvestris L.) and oriental beech (Fagus orien-
talis Lipsky) trees. (a: Scots pine (Pinus sylvestris L.)), HA; b: Scots pine (Pinus sylvestris L.), LA,
c: Oriental beech (Fagus orientalis Lipsky), HA; d: Oriental beech (Fagus orientalis Lipsky), LA).
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The monthly variation in heartwood and sapwood MC throughout the year shows that the difference
between heartwood and sapwood MC does not change at both the lower and upper altitudes, although it does
vary according to the month (Figure 10). As the MC increased in the heartwood and decreased in the sapwood,
especially between the 7th and 11th months, it can be said that the MC difference increased in these months
(Figure 10). In general, studies have shown that the MC in the sapwood of conifers is significantly higher than
that in the heartwood (Bamber and Fukazawa 1985, Kravka et al. 1999). Previous studies have found that
sapwood MC varies throughout the year (Chalk and Bigg 1956), and that this variation can occur on a daily
basis (Waring and Running 1978). As shown in Figure 10, there is a difference of 2 and 2,5 times between the
average MC of the sapwood and heartwood of scots pine (Pinus sylvestris L.) (Pinus sylvestris L.), with the
sapwood having a higher MC. This situation is similar to that reported by Kravka et al. (1999), who found that
the difference between the average MC of scots pine (Pinus sylvestris L.) (Pinus sylvestris L.) sapwood and
heartwood was approximately two times.

As shown in Figure 10, although the difference in altitude significantly affects the sapwood MC (upper-al-
titude average MC 80 %, lower-altitude average MC 65 %), it does not significantly affect the average MC of
the heartwood (upper-altitude average MC 34 %, lower-altitude average MC 36 %).

The variation in MC along the cross-section for oriental beech (Fagus orientalis Lipsky) was not as
significant as that for scots pine (Pinus sylvestris L.). The average MC along the cross-section varies between
79-61 % at the upper altitude and 64-54 % at the lower altitude. The highest MC along the cross-section was
found in the 2nd and 3rd parts (between 4-9 cm), and the MC gradually decreased as it approached the core.
This decrease is due to the effect of soil formation, which occurs in hardwood species together with the forma-
tion of heartwood (Ward 1986).

In general, when comparing the sapwood and heartwood of tree species in terms of MC, it was found that
the MC difference between sapwood and heartwood was higher in scots pine (Pinus sylvestris L.). Previous
studies have also shown that conifers generally have greater MC differences than hardwoods (Fromm et al.
2001, Gartner et al. 2004). Although water transport in the trunk occurs in the sapwood, which is the outermost
part, the heartwood parts of scattered-path woods, especially oriental beech (Fagus orientalis Lipsky), have
also been found to play a role in transport, resulting in a high MC in the heartwood of these species (Gebauer
et al. 2008, Longuetaud et al. 2017).
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Figure 10: Variation of MC in sapwood and heartwood along the year. (a: Scots pine (Pinus sylvestris L.),
HA; b: Scots pine (Pinus sylvestris L.), LA; c: Oriental beech (Fagus orientalis Lipsky), HA; d: Oriental
beech (Fagus orientalis Lipsky), LA).
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CONCLUSIONS

The effects of altitude and time on stem moisture content (MC) were significant in both Scots pine (Pinus
sylvestris L.) and Oriental beech (Fagus orientalis Lipsky). In Scots pine, the annual mean stem MC was 57%
at high altitudes and 50% at low altitudes. Monthly stem MC varied throughout the year and was lower in
January, April, and June—October than in the remaining months. Stem MC showed a strong positive correlation
with soil moisture, whereas no significant relationship was found with air temperature or relative humidity.
Along the radial profile, MC increased from the outer to the inner sapwood, reaching an average of approxi-
mately 85%, and then decreased sharply to approximately 35% in the heartwood. The difference between
sapwood and heartwood MC remained evident throughout the year and increased with altitude.

In Oriental beech, the annual mean stem MC was 70% at high altitudes and 58% at low altitudes. Monthly
stem MC also varied throughout the year and was lower in January and from April to September than in the
remaining months. Stem MC was positively correlated with soil moisture and relative humidity and negatively
correlated with air temperature. Along the radial profile, MC increased slightly from the outer to the inner
sapwood, reaching an average of approximately 79%, and then gradually decreased to approximately 55% in
the heartwood. The difference between sapwood and heartwood MC was smaller than that observed in Scots
pine and disappeared at lower altitudes during July and October.

The moisture content of logs produced from high-altitude forests was higher than that of logs from low-al-
titude forests. In both species, stem MC was lower during the summer months. Log MC varied according to
species, season, altitude, and radial position within the stem. Seasonal changes in stem moisture content provi-
de information that may contribute to forest fire risk assessment, analysis of tree physiology and drought stress,
optimization of wood drying and preservation processes, and estimation of biomass energy yield.
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