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ABSTRACT  

 

Forest trees can show different wood characteristics according to different site conditions. The changing 

wood properties are the quality of the wood material, and the quality determines the suitability of the 

wood material for a particular use place. Knowing the effect of local ecological conditions on wood 

properties in a growing environment can give an idea of which species can be grown in which site area. 

In this study, we investigated the variation of some anatomical properties of black alder wood which may 

be an alternative to other species in wood industry. For this purpose, 14 sample areas were taken from 

Arhavi-Hopa sub-region of Rize Kaçkar Mountains Site Region according to the sampling method 

selected from three different altitude zones (0-400 m, 401-800 m and 801-1200 m). Sample areas and 

sample trees have been selected among pure black alder stands at different stands that have similar 

aspects (north aspect). In the sample areas, one tree with dominant height was cut down and soil profiles 

were opened. Soil species were determined by taking samples of soil from the soil according to their 

depth grades. The available water capacity was calculated, soil reaction and organic matter amounts have 

been identified. On wood samples taken from cut trees; number of vessels, tangential diameter of vessel 

element, radial diameter of vessel element, vessel element length, ray length, ray width, number of rays 

in 1 mm, fiber length, fiber width, fiber lumen width) and fiber wall thickness  were determined. 

The changes of the anatomical characteristics of black alder wood according to the altitude zones were 

tested by analysis of variance.  

 

Keywords: Ecological wood anatomy, Altitude, Moist environment, Soil properties. 

 

1. INTRODUCTION 

The creatures living in the forest ecosystem are directly or indirectly affected by their site area or the 

community. Plants, which are important components of the community, are also very sensitive to the 

conditions of the site conditions. During their growth, plants undergo the influence of different internal 

and external conditions, resulting in differences in structure and characteristics (Tessier et al. 1994; Roo-

Zielinska & Solon 1997; Wodzicki 2001). In addition to the structural changes in a tree, differences in 

the wood properties can be seen in the two trees of the same species growing in the same stand, with the 

influence of environmental factors (Bozkurt & Erdin 2000). In order to understand the change in wood 

properties, various internal and external factors affecting the tree during growth should be analyzed very 

well. The change of one or more of these factors has an effect on the technological and anatomical 

characteristics of wood depending on the growth rate of the tree (Merev  et al 2000).  

The average temperature and precipitation amount among the ecological factors affect the annual ring 

width and radial growth of the tree. In addition, these factors cause changes in the annual ring structure 

because they are not constant during the life of the tree (Lara et al, 2001:Takahashi et al.2005: Cufar et 
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al, 2008: Gea-Izquierdo et al, 2012). Recent studies have also demonstrated the effects of temperature 

change on xylem phenology (Rossi et al. 2011).  

Water availability is another important influencing factor linked to cambial activity and wood formation 

(Giovannelli et al. 2007; Camarero et al. 2010). In areas with high altitudes, severe environmental 

conditions such as low temperatures, strong winds, snowfall and short vegetation periods have been 

shown to reduce the radial growth of the tree (Coomes & Allen 2007; Gebauer et al. 2010). Again, 

depending on these conditions, the cell dimensions on the sides of the trees facing different directions 

are different from each other (Bozkurt & Erdin 2000).  

Much research has been done to date to show the change of wood structure according to environmental 

and geographical factors. Ecological factors related to climate, such as water relations, photoperiod, 

physical and chemical properties of soil, in addition to physiographic characteristics of the site, 

significantly influence the morphology and anatomy of plants (Olsen et al. 2013; Cutter et al. 2004; 

Rigatto et al. 2004). The effects of altitude difference (Hosseini 2006; Barij et al. 2007; Kiaei & Samariha 

2011; Kiaei 2011), temperature (Olano et al. 2012; Thomas et al. 2007) and water availability (Campbell 

et al. 2015) on forest plants have been discussed in many studies. Temperature can become an important 

limiting factor for tree growth at high latitudes or high altitudes, affecting anatomical properties 

(Vaganov et al. 2006). In a few studies, on tree-ring formation have tested the effects of avaliable water 

capacity on intraannual wood properties in natural arid or semiarid  areas (de Luis et al. 2011), in 

manipulated natural environments (Belien et al. 2012), and under controlled conditions (Balducci et al. 

2013).  

A successive number of studies has focused on the fundamental relationship between different vessel 

elements and their function and importance for ecological strategy in temperate and tropical trees 

(Preston et al. 2006; Sperry et al. 2006;  McCulloh et al. 2010). Other studies searched species main 

differences in vessel elements in relationship to moistness or drought (Choat et al. 2007; Martínez-

Cabrera et al. 2009; Bosio et al. 2010).  Additionally wood density has become ever important in studies 

on living strategy in trees from the tropics (Müller-Landau 2004).  

A recent study it was investigated on the inter species variation of anatomical features within a tropical 

environments (Poorter et al. 2010). And also, the effects of soil properties such as physical and chemical 

have been discussed in many studies. Variations in wood anatomy or quality with tree growth are 

relationship of the soil characteristics(Rigatto et al. 2004; Malkocoglu 2012; Birtürk 2011). A low wood 

density may be acquired on sites with favourable soil properties for stand growth (particularly tree 

diameter) with a consequent low quality for structural uses (Cutter et al. 2004). And more, few studies 

declareted the effects of soil some properties on wood quality (Aguilar-Rodriguez et al. 2006).  

Several investigations have been conducted in order to correlate anatomical wood traits to environmental 

characteristics. Some authors studied that several wood features respond to abiotic conditions such as: 

variations in diameter, length and frequency of vessels (Carlquist 2001; Luchi 2004; Bosio et al. 2010; 

Melo Júnior et al. 2011); length and width of fiber walls (Luchi 2004); presence of growth rings (Alves 

& Angyalossy 2000) while some authors biotic conditions such as: climate, climate change and site 

conditions (Eilman et al. 2013; Meena & Gupta 2014; Fichtler & Worbes 2012)  

In Turkey the first study subjected to wood formation and different environments was conducted by 

Yaltırık (1971) on Acer L., and later Şanlı (1978) made a great study on Fagus orientalis Lipsky. In recent 

years ecological wood anatomy studies getting extended throughout Turkey and performed studies in 

species, genus or family levels (Gerçek et al. 1998; Kutbay et al. 1999; Merev & Yavuz 2000; Serdar 

2003; Yaman & Sarıbaş 2004; Akkemik et al. 2007; Birtürk 2011; Erşen Bak 2006; Bozlar 2012; 

Malkocoglu 2012; Cihan & Akkemik 2013; Bozlar et al. 2014; Usta et al. 2014a; Usta et al. 2014b). 

The anatomical characteristics of wood are thought to be the overall effect of altitude, aspect, land surface 

shape, land slope and soil characteristics and local climatic conditions in the local environmental factors 

in the changing environment according to the ecological conditions of the site. Trying to explain the 

possible changes in Wood's anatomical characteristics with just elevation factor can sometimes be 

misleading. In this study which is done within the scope of ecological wood anatomy, it was aimed to 

reveal the anatomical characteristics of black alder wood according to the growth environment factors 

and to suggest appropriate usage areas related to this species in the direction of the findings obtained. 

Alder is used in many fields including furniture, chipboard, packaging industry, plywood, coating and 

mould industry (Akyüz 1998). 

 

2. MATERIAL AND METHODS 

Description of the research area  

The research area is located in the Rize Kaçkar Mountains site area of the Eastern Black Sea Region 

(Kantarcı 2005). This area is between 41 ° 18 ̍ 10 - 41 ° 31 ̍ 51 east longitudes and 41 ° 31 ̍ 51 - 41 ° 24  ̍
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40 north latitudes (Figure 1). The research area has a significant impact on plant development in the 

immediate range of elevations and short altitudes, as it makes the aspect and slope differences more 

apparent due to its rugged structure. The research area, which also has a marine influence and is mostly 

affected by orographic precipitation, is the region with the highest precipitation in the country.  

 

 
Figure1. Locations of the research field 

 

Climate characteristics are the most important site factor in the species composition and distribution of 

plant communities. In order to determine the climatic type of the study area and evaluate its ecological 

results, a water balance was established using the meteorological data related to the research area 

(Thornthwaite 1948).  

For this purpose, some climate data related to the altitude zones of the study area were obtained by 

interpolating the temperature and precipitation variables obtained from the nearest meteorological station 

(Hopa: 33 m) to the average of the altitude zones (200 m - 600 m - 1000 m) previously determined. 

 

Table 1. Some climate features related to altitude zones 

 

 

Climate properties 

Altitude Zones  

0-400 m 401-800 m 801-1200 m 

Water economy Very moist Very moist Very moist 

Mean altitude (m) 200 600 1000 

Annual toal precipitation (mm) 2334,8 2585,0 2853,2 

Precipitation in vegetation period (mm) 1562,3 1331,1 1460,7 

Mean annual tempeature (°C) 13,4 11,4 9,4 

Actual evapo-transpiration (mm) 731,6 669,6 611.5 

Water surplus (mm) 1603,2 1924,4 2241,6 

 

Sample collection  

The research area is divided into three altitude zones, from 0-400 m, 401-800 m and 801-1200 m. From 

these altitude zones, sample areas were determined at 14 points according to the selected sampling 

method. Care has been taken to ensure that the sample areas are in the normally covered alder stands. 

From the determined areas, a tree near the diameter of the stand centre tree was marked after the north 

direction, and wood samples were taken from the chest height. In addition, the local site factors (slope, 

aspect, land surface position, altitude) of each area are recorded and the soil profile is opened at each 

point. Disturbed soil samples were taken from the opened soil profiles, according to depths. Site 

characteristics for altitude zones are given in Tables 2 and 3. 
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Methods  

The particle size of the soil samples (sand, silt and clay ratios) was determined by hydrometer method. 

For soil texture (Tommerup 1934), soil triangle was used. The field capacity and wilting point were 

determined by the pressure table method. The available water capacity is calculated by taking advantage 

of the difference between field capacity and wilting point. Soil reaction (pH) was determined by a wet-

burning organic carbon Walkley-Black method using 1: 2.5 soilwater solution using glass electrode 

(Kantarcı 2005).  

From the wood samples taken for anatomical measurements, cross sections were taken with the 

"Reichert" slide microtome device in the direction of the fibres. The Schultze method (Potassium 

Chlorate-Nitric Acid), which causes less damage to the tissue elements, has been used to release the 

Wood elements. On Wood preparations; number of vessels (NV), tangential diameter of vessel element  

(TDV), radial diameter of vessel element  (RDV), vessel element length (VL), ray length (RL), ray width 

(RW), number of rays in 1 mm (NR), fiber length (FL), fiber width (FW), fiber lumen width (FLW) and 

fiber wall thickness  (FWT) were measured on the wood elements liberated by maceration. Measurements 

and counts were made 25 times again. In the measurements and censuses, Carlquist 25 is based on the 

IAWA Committee 25-50 (Carlquist 1988; Committee on Nomenclature 1989). A correlation analysis 

was performed for the relationship between the anatomical characteristics of Black Alder wood and 

ecological factors. One-way analysis of variance (One-Way ANOVA) was used to determine the 

difference in altitude zones of these anatomical features (Kalıpsız 1981). 

 

3. RESULTS AND DISCUSSION  

Results Related to Local Site Environment Factors 

In the study area where the physical properties of the soil were different according to the altitude zones, 

in the sample areas at the 1st altitude zone (AZ I), the sandy clay soils are dominant and the soil texture 

of the sample area at 390 m altitude is clayey. In the second altitude zone (AZ II) specimens, clayey clay 

soils are dominant and the soil texture heavy clay in the sample area at 560 m altitude and the soil texture 

at 600 m altitude is sandy clay. The soils of the sample areas at the third altitude zone (AZ III) are mostly 

clayey clay and heavy clay types and at 845 and 890 m altitudes, sandy-clay soils are dominant. From 

the lower altitude zones towards the upper altitude zones, it is understood that the average amount of clay 

in the soil increases, the amount of sand decreases, and a little thinner textured soil develops. Soils are 

very humid in terms of water economy and sample areas in the first altitude zone have medium acidity 

and sample areas in AZ II and III have severe acidity according to the average soil reaction values (Table 

2). 

 

Table 2. Soil texture and average soil properties for the altitude zones 

 

Altitude 

Zones 

Altitude 

(m) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 
Soil texture* 

AWC 

(%) 

pH 

(1/2.5 soil/water) 

OM 

(%) 

I 

300 80 6 14 Sandy loam 8,34 5,90 2,18 

365 75 14 11 Sandy loam 13,22 5,16 3,04 

390 54 20 26 Loamy clay 20,10 4,22 4,92 

II 

560 28 20 52 Heavy clay 17,24 4,69 1,51 

600 75 17 18 Sandy loam 22,24 4,69 7,05 

740 47 22 31 Loamy clay 19,0 3,91 4,39 

760 66 17 17 Loamy clay 22,10 4,30 6,52 

III 

840 54 16 30 Loamy clay 15,24 5,78 2,35 

845 66 14 20 Sandy clay loam 21,62 4,49 4,81 

890 64 15 21 Sandy clay loam 11,00 3,86 5,75 

930 49 17 34 Loamy clay 10,40 4,95 4,81 

960 35 20 45 Heavy clay 20,70 4,80 1,45 

980 34 24 42 Loamy clay 12,78 3,91 4,02 

1070 47 21 32 Loamy clay 20,18 4,82 3,52 

AWC: Available water capacity, pH: Soil reaction, OM: Organic matter.  *: Each sample area is given 

the texture of soil that is dominant. 

 

Considering that the specific local climatic conditions of the research area will affect the wood properties 

of the trees together with the soil characteristics, the change of soil properties according to the altitude 

zones is important for the evaluations to be made. The change of soil properties was tested by analysis 
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of variance. As a result of the analysis, other soil characteristics and slope, except organic matter, were 

different according to altitude zones (Table 3).  

 

 

 

Table 3. Results of variance analysis on site characteristics 

 

Soil characteristics  Altitude zones Mean ± Std. Dev. F ratio Sig.level (p) 

Sand (%) 

I (0-400 m) 70 ± 12 b   

II (401-800 m) 54 ± 19 a 14.79 0,001 

III (801-1200 m) 50 ± 15 a   

Silt (%) 

I (0-400 m) 13 ± 6 a   

II (401-800 m) 19 ± 5 b 10.62 0,001 

III (801-1200 m) 18 ± 6 b   

Clay (%) 

I (0-400 m) 17 ± 8.0 a   

II (401-800 m) 27 ± 17 b 11.62 0,001 

III (801-1200 m) 32 ± 11 b   

(Clay+Silt) 

I (0-400 m) 31 ± 13 a   

II (401-800 m) 44 ± 19 b 14.48 0,001 

III (801-1200 m) 50 ± 15 b   

Soil reaction (pH) 

I (0-400 m) 5.09 ± 0.8 b   

II (401-800 m) 4.56 ± 0.7 a 4.75 0,010 

III (801-1200 m) 4.65 ± 0.8 a   

Available Water 

Capacity  (%) 

I (0-400 m) 14.00 ± 5.6 a   

II (401-800 m) 20.12 ± 3.1 b 13.67 0,001 

III (801-1200 m) 16.00 ± 5.9 a   

Organic Matter  (%) 

I (0-400 m) 3.38 ± 2.4 a   

II (401-800 m) 4.87 ± 3.5 a 2.06 0,130 

III (801-1200 m) 3.81 ± 3.0 a   

Slope  (%) 

I (0-400 m) 40 ± 19 b   

II (401-800 m) 34 ± 11 a 72.30 0,001 

III (801-1200 m) 50 ± 16 c   

 

Results related to anatomical features 

One-way ANOVA was performed to determine the differences in the anatomical characteristics of Black 

Alder wood according to altitude zones. The mean values of some anatomical features of alder wood 

(NV, RDV, RL, RW, FL, FLW, FWT) differed according to altitude zones (p<0.05, p<0.01, p<0.001) 

(Table 4). Among the anatomical features showing significant differences, NV value varies in AZ I, II 

and III, 90, 93 and 88, respectively. Wood's RDV is reduced as the AZ I goes towards AZ III and ranges 

from 58.06 µm, 53.40 µm and 51.00 µm. In terms of NV, AZ I and AZ III are in the same group and AZ 

II is different. Looking at the change of TDV, it is seen that there is a decrease according to altitude zones 

(Table 5). 

In the change of NV between the wood elements, the amount of water retained in the soil, the available 

water capacity (AWC) and the amount of precipitation are influential. In a majority of the studies 

performed, it was determined that NV in the unit area was an increase due to altitude increase (Noshiro 

et al. 1995; Serdar 2003; Lens et al. 2004; Erşen Bak 2006; Serdar & Gerçek 2007; Fisher et al. 2007; 

Yaman 2008; Yilmaz et al. 2008; Birtürk 2011; Bozlar 2012). Depending on the increase in altitude, in 

response to the drop in temperature, plants are increasing their numbers by reducing tracheal diameters 

to ensure safety in water transmission (Carlquist 1988;  Erşen Bak 2006; Markesteijn et al. 2011; Scholz 

et al. 2014). Thus, the density of vessels also affects hydraulic conductivity and vulnerability to embolism 

(Martinez et al. 2012). However, it is still not right to generalize that the increase in the number of 

tracheas depends on the increase in altitude. Sometimes, besides the decreasing temperature due to the 

increase of the altitude, other factors may also occur which affect the water intake from the soil. It is also 

very important that the altitude change between the boundaries. In the study area, it is supported by this 
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judgment that in the AZ II, the average temperature value of the vegetation period (16.4 oC) is not low 

enough to enhance water uptake. Also, at this altitude zone, it is noteworthy that the AWC is at its highest. 

According to many studies done, the increase of VL, TDV and RDV, the decrease of NV (February et 

al. 1995; Malan 1991; Searson et al. 2004) It was. It has been determined that NV increases, VL, RDV 

and TDV decrease (Wilkins et al. 1989), depending on the increase in the drought. In AZ III, NV and 

RDV in the unit area decrease. It is believed that such an outcome due to the increase of the altitude is 

due to the local climate conditions and the topographic and edifical features.  

The place where the work is done is the highest precipitation area in my country. In a research area where 

a very moist climate type dominates, during the vegetation period, both the soil is saturated and the 

amount of precipitation is high. Humid air masses are present intensively in the research area, which is 

affected by the sea and is mainly fed by slope precipitation, especially in the AZ III, above the forest 

ecosystems where the sample areas are located, during the vegetation period. During the vegetation 

period, the soil water is saturated and the precipitation falling in the area is higher than the 

evapotranspiration (Table 1). In addition, the decrease in the amount of sand and the increase in the 

amount of clay in the sample areas in AZ III (Table 3) also make it difficult to remove the excess water 

in the soil. Despite the accumulation of excess water in the root zone and the covering of photosynthetic 

organs with moist air masses, the trees have reduced NV and RDV in the area in order to ensure safety 

in water transmission. In the study area, the AWC increased first, then decreased after the increase of the 

altitude, due to the amount of organic matter decreasing in the soil and the increasing amount of clay + 

silt. As the altitude increases, it is known that the AWC is decreasing (Yılmaz 2005). In general, the 

negative correlation between AWC and NV is frequently mentioned (Yılmaz et al. 2008; Birtürk 2011). 

In this study, a negative correlation was found between the AWC and NV in the unit area (Table 5).  

In AZ III, NV decreased with the decrease of AWC. Even though the AWC amount is reduced compared 

to the AZ II, the NV has decreased because of the presence of sufficient water in the soil. This idea also 

supports the topographical and edaphic conditions of the research area. Yet, due to the dominance of 

coarse soils in the middle in AZ I, the free-flowing water and the evapotranspiration which will be 

realized more than the AZ II, the plants naturally increased trachea numbers for water intake safety. In 

addition to the survey (Zhang et al. 1998, Sarıbaş & Yaman 2009), studies on elevation and NV are not 

related to the increase in altitude in NV (Gerçek et al. 1998; Erşen Bak 2006) has. Another important 

issue that will explain the decrease in NV in AZ III is that the amount of precipitation falling at the 

altitude zones are different. The AZ II has an average 2200 mm of precipitation, but the AZ III has an 

average of 2663 mm of precipitation (Table 1). In the AZ III where the amount of precipitation is 

increased, the NV in the unit area is the least. With the increase of precipitation, it can be said that there 

is a decrease in NV. There is a negative correlation between the increase in the precision and NV (Moya 

& Fo 2007).  

There is no difference in altitude zones in the VL between wood elements. VL is 886.1 µm in AZ I, 856.2 

µm in AZ II, and 884.3 µm in AZ III. According to the altitude zones, the VL showed a decrease before 

and then an increase. There is a positive correlation between VL and the amount of water that wood can 

have (Topaloğlu 2013). As in this study, according to the altitude zones, a similar situation to the VL 

change is also true for Oriental beech taxa taken from northern slopes in Sinop Ayancık region. Topaloğlu 

(2013) found the THUs in the beech wood samples taken from four different altitude zones between 400-

1200 m altitudes as 585,975 µm, 583,077 µm, 588,294 µm and 609,449 µm, respectively. That is, as the 

level increases, VL generally increase. Patterson and Tanowitz (1989) reported that VL is positively 

associated with the altitude in only one of the species studied. In the literature, besides the studies 

indicating that negative correlations between altitude, wood and VL (Noshiro et al. 1995; Gerçek et al. 

1998; Yilmaz et al. 2008; Noshiro et al. 2010; Genç 2010), there are studies that did not find any 

correlations (Liu & Noshiro 2003; Lens et al. 2003; Pande et al. 2005). Again, there was no correlation 

between altitude and VL in this study (Table 5).  

According to altitude zones, the anatomical characteristics of wood are different in RL and RW (Table 

5). There were three different homogeneous groups in terms of RW in terms of two RLs. II. and the 

sample areas in AZ III are in the same homogeneous group in terms of RL, the sample areas in AZ I have 

different groups. RL decreases from AZ I (255 µm) to AZ II (223.5 µm), while AZ III increases (229.3 

µm). In the transition from AZ II to AZ III, this increase in RL and RW may have been due to a gradual 

decrease in tracheal diameters between altitude zones. In general, as altitude zone increases, RL and RW 

decrease. As can be seen from Table 5, there is a negative correlation between altitude zones and RW 

Negative correlations between Altitude and RW are common (Noshiro & Suzuki 1995; Erşen Bak 2006; 

Birtürk 2011).  
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Table 4. Results of variance analysis on anatomical features 

Anatomic 

properties 
Altitude zones Mean ± Std. Dev. F ratio Sig.level (p) 

 

NV (1 mm2) 

I (0-400 m) 90 ± 16 a   

II (401-800 m) 93 ± 15 b 5.797 0,003* 

III (801-1200 m) 88 ± 17 a   

 

NR (1 mm) 

I (0-400 m) 11±2 a   

II (401-800 m) 11±2 a 1.650 0,193 

III (801-1200 m) 11±2 a   

 

RDV (µm) 

I (0-400 m) 49.4 ± 10.3 a   

II (401-800 m) 51.2 ± 10.3 a 0.325 0,722 

III (801-1200 m) 51.2 ± 11.9 a   

 

TDV (µm) 

I (0-400 m) 58.02 ± 24.3 b   

II (401-800 m) 54.18 ± 18.8 a 6.519 0,002** 

III (801-1200 m) 51.00 ±19.3 a  
 

 

RL (µm) 

I (0-400 m) 255.0 ±102.9 b   

II (401-800 m) 223.5 ± 99.0 a 4.495 0,011* 

III (801-1200 m) 229.3 ±107.4 a  
 

 

RW (µm) 

I (0-400 m) 17.07 ± 2.19 c   

II (401-800 m) 15.65 ± 1.96 a 49.026 0,001** 

III (801-1200 m) 16.12 ± 2.50 b   

 

VL (µm) 

I (0-400 m) 886.1 ± 142 a   

II (401-800 m) 856.2 ± 135. a 2.420 0,090 

III (801-1200 m) 884.3 ± 171. a  
 

 

FL (µm) 

I (0-400 m) 1248.9 ± 169.9 a   

II (401-800 m) 1260.0 ± 160.8 a 3.507 0,030* 

III (801-1200 m) 1294.3 ± 234.2 b  
 

 

FW (µm) 

I (0-400 m) 25.70 ± 4.15 a   

II (401-800 m) 26.37 ± 4.24 a 0.696 0,499 

III (801-1200 m) 26.75 ± 4.16 a   

 

FLW (µm) 

I (0-400 m) 15.68 ± 4.13 a   

II (401-800 m) 17.09 ± 4.09 b 6.496 0,002* 

III (801-1200 m) 16.20 ± 3.71 a  
 

 

FWT (µm) 

I (0-400 m) 5.00 ± 1.40 b   

II (401-800 m) 4.63 ± 1.13 a 16.935 0,001** 

III (801-1200 m) 5.27 ± 1.25 c    

NV (1mm2) : number of vessel;  NR: number of rays; TDV: tangential diameter of vessel element;  RDV: 

radial diameter of vessel elements;  VL: vessel element length; RL: Ray length;  RW: ray width;  FL: 

fiber length;  FW: fiber width, FLW: fiber lumen width; FWT: fiber wall thickness. 

 

When the variation of the FL according to the altitude zones is examined, it is seen that as the altitude 

increases, FL also increases (1248.9 µm, 1260.0 µm, 1294.3 µm) and two different homogeneous groups 

emerged. Sample areas in AZ I and II were in the same homogeneous group with respect to FL, while 

sample areas in AZ III formed different groups. Correlation analysis showed a positive correlation 

between altitude and FL (p<0.05, r=0.102). Many studies have also reported negative correlations 

between FL and altitude (Erşen Bak 2006; Serdar & Gerçek 2007; Hemmasi et al. 2007; Kiaei 2011; 

Topaloğlu 2013). Studies that have not found a correlation between FL and altitude are also common 

(Liu & Noshiro 2003; Lens et al. 2003; Pande 2005; Aguilar-Rodriquez 2006; Hosseini 2006). In this 

study, contrary to the prevailing opinion in the literature, an association between FL and altitude are due 

to local ecological conditions. The precipitation, the duration of insolation, the average temperature and 

the number of overcast days during the vegetation period are not similar to the study area, in any of the 

above studies where negative correlations between altitude and FL were found. I mean, every research 

area has its own ecological conditions. In the study area, the mean precipitation during the vegetation 

period was 1331.1 mm and 1460.7 mm at the upper altitude zones, and the average temperature during 

the vegetation period was 16.4 oC and 14.4 oC. 
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Table 5. Results of correlation analysis 

 Altitude (m) NV NR TD

V 
RDV RL RW VL FL FW FLW FWT pH AWC 

NV (1mm2) -0,108**              

NR (1mm) -0,102** 0,002             

TDV (µm) 0,091* -0,065 -

0,172*

* 

           

RDV (µm) -0,133** -0,053 -0,029 0,472*

* 
          

RL (µm) -0,049 -0,056 -0,060 0,034 -0,055          

RW (µm) -0,281** -0,032 -0,071 -0,030 -0,038 0,396*

* 
        

VL (µm) 0,030 0,075* 0,123*

* 
0,019 -0,013 0,060 0,046        

FL (µm) 0,102** 0,142** 0,086* 0,113*

* 
-0,008 0,047 0,011 0,200**       

FW (µm) 0,049 -0,060 -0,029 0,072 0,076* -0,029 0,016 0,035 0,106**      

FLW (µm) 0,038 -0,113** 0,002 0,121*

* 
0,133** -0,027 0,005 0,082* 0,164** 0,795*

* 
    

FWT (µm) 0,021 0,075* -0,050 -0,069 -0,079* -0,005 0,019 -0,067 -0,078* 0,392*

* 
-0,246**    

pH -0,302** 0,296** 0,279*

* 
-0,027 0,090 0,225*

* 
0,213* 0,361** 0,208* -0,024 -0,088 0,094   

AWC (%) 0,128 -0,246** -0,071 0,176* 0,082 -0,128 -0,178* 0,003 0,040 -0,034 0,131 -0,252** -0,136  

Slope (%) 0,283** 0,426** -0,035 -0,053 -0,215** 0,091* -0,083* 0,188** 0,167** -0,028 -0,162** 0,201**  0,251** -0,567** 

NV (1mm2) : number of vessel;  NR: number of rays; TDV: tangential diameter of vessel element;  RDV: 

radial diameter of vessel elements;  VL: vessel element length; RL: Ray length;  RW: ray width;  FL: 

fiber length;  FW: fiber width, FLW: fiber lumen width; FWT: fiber wall thickness; pH: soil reaction; 

AWC: avaible water capacity. ** p< 0.01, *p<0. 

 

However, Hemmasi et al. (2007) and Kiaei (2011), the annual average total precipitation is 1300 mm and 

1248.5 mm, and the average annual temperature is around 16 oC. Yet, due to the increase in the amount 

of precipitation, it has been determined that the FL increases (Parra et al. 2013; Noshiro & Baas 2000). 

However, in the FL, there may not always be an increase due to the increase in the amount of 

precipitation. No matter how much the amount of Precipitation is, if the water entering the soil is not 

retained, so, if a humid environment is not established, the plants will not be able to benefit from the 

precipitation water sufficiently. Despite the high amount of precipitation, the FL has been significantly 

reduced in local ecological conditions where medium and coarse textured permeable soils exist (Usta et 

al 2014a).  

When the variation of FW according to altitude zones were examined, values of 25.70 µm, 26.37 µm and 

27.75 µm were found, respectively. It can be said that FW increases slightly as the altitude increases. 

However, this change did not make a difference between the altitude zones. With decreases in diameters 

of vessel, FW may be considered to have decreased. As elevation increases, there are studies that FW 

has decreased (Kiaei 2011; Erşen Bak 2006). 

 FLW is 15.68 µm in AZ I, 17.09 µm in AZ II and 16.20 µm in AZ III. The sample areas in AZ I and II 

were in the same homogeneous group for FLW, while the sample areas in AZ III formed different groups. 

Negative correlations between elevation and FLW have been reported (Erşen Bak 2006; Pourtahmasi 

2011; Barij et al. 2007). In this study, there was no correlation between elevation and FLW, as in Moya 

and Fo (2008) and Topaloğlu (2013) studies.  

FWT is 5 µm in AZ I, 4,63 µm in AZ II and 5,27 µm in AZ III. Three homogeneous groups were formed 

in terms of FWT. FLW and FWT are inversely proportional (Table 5). A similar relationship is also 

mentioned in several studies in the literature (Kiaei & Samariha 2011; Roque & Filho 2007; Topaloğlu 

2013).  

Correlation analysis revealed significant relationships between LLG and LCK (p <0.001, r = 0.795 and 

p <0.001, r = 0.392). As stated in the literature (Serdar 2003; Erşen Bak 2006; Birtürk 2011), as LG 

increases, LLG also increases. In addition, LCK increased with increasing LG, LCK decreased with 

increasing LLG (Kiaei & Samariha 2011).  

 

4. CONCLUSIONS   

Wooden quality is the criterion that determines the suitability of the wood material for a particular use 

area. Quality should be determined according to the places of use of wood. A feature sought for any place 

of use may not be preferred at other places of use. There are many factors that determine the suitability 

of a wood material for a place of use. Density, uniformity of annual rings, heartwood ratio and lengths 

of fibres are just a few of these factors. The proportions of the members of the wood structure change the 
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mechanical and physical properties of the wood considerably, affecting the texture and structure of the 

wood. Increased trachea, parenchyma and thin-walled fibre content in the wood reduce wood density. 

Increasing the wall thickness increases the hardness of the wood. Generally, due to wall thickening, the 

mechanical and technological properties of wood also increase. Softwoods and light woods can be used 

in the furniture industry and in the coating industry. Wood's physical properties are closely related to cell 

structure and the rate of cell type participation in tissue. It is known that the most important among these 

physical properties is density.  

The properties of wood material vary from tree to tree, depending on the type of wood and even different 

parts of the tree species. In this situation, internal and external factors are influential. Depending on 

internal and external factors, the woods of individuals of the same tree species in different sites may gain 

different characteristics. The subject of your research, Blak Alder wood, has a scattered array of 

macroscopically scattered traces. Density in scattered woods varies depending on the relationship 

between vessel and fiber wall ratios. Essentially, the change in cell wall thickness is an important factor 

in increasing density. Also, during the vegetation period, depending on the amount of precipitation falling 

into the stand, the annual rings may narrow and expand. This change in annual rings affects the intensity 

of wood. As a result of the annual ring narrowing, density increases in wood. In wood material, wood 

density is the most influential feature of resistance. In particular, it is known that species with low 

resistance or long fibres are preferred for papermaking. In the study area, it is seen that RDV and FL 

increased and two different homogeneous groups were formed due to the increase of a elevation. Towards 

the upper elevation levels, the increase in RDV indirectly reduced wood density and increased fiber 

length.  

In the direction of these findings obtained from the Black Alder stands in the Artvin - Arhavi sub-region, 

woods from the upper altitudes (> 600 m) are thought to be more suitable for papermaking. Therefore, 

regardless of the purpose of use, wood production for different uses can be realized from the same kind 

of tree, under the influence of external factors. For example, significant adjustments can be made to 

certain wood properties by adjusting the distance between trees, artificially pruning or providing 

adequate nutrients and water.  

In ecological wood anatomy studies where the effects of site conditions on the anatomical characteristics 

of the wood are revealed, it is sometimes misleading to make conclusions and assessments based only 

on altitude and latitude grades. It would be more appropriate to link the results and the evaluations to be 

made to altitude by taking into account the similarity, topographical and local climatic conditions. 
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