
 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yigit et al. (2021). “Wood anatomy vs. conditions,” BioResources 16(3), 5862-5874.  5862 

 

Identification of Some Fiber Characteristics in Rosa sp. 
and Nerium oleander L. Wood Grown under Different 
Ecological Conditions 
 
Nurcan Yigit,a Zuhal Mutevelli,b Hakan Sevik,c Saadettin Murat Onat,d,*  

Halil Baris Ozel,e Mehmet Cetin,f and Cagri Olgun g 

 
Climate-dependent changes in wood anatomical characteristics were 
studied for Rosa sp. and Nerium oleander sp. grown in phytosociological 
areas. For this purpose, wood samples were taken from the individual 
wood species grown in Antalya, Eskisehir, and Kastamonu provenances, 
where Terrestrial, Black Sea, and Mediterranean climate types prevail, 
and 11 anatomical characters were identified or calculated. As a result of 
the study, it has been determined that the climate has large effects on the 
characteristics that are the subject of the study and that each characteristic 
is at a higher level in individuals grown in areas where different climate 
types prevail. The highest values in Rosa species were obtained in the 
individuals grown under Terrestrial climate type in all characteristics 
except for LW (lumen widths), EC (elasticity coefficients), and FF (F-
Factors.) Whereas in Nerium oleander, the highest values were obtained 
in individuals grown in the Mediterranean climate type in FL (fibre lengths), 
LW (lumen widths), FR (felting ratios), and EC (elasticity coefficients). For 
the same species type, in the Terrestrial climate, RIJID (rigidity 
coefficients), MUHT (Muhlstep ratios), and RUNK (Runkel ratios), and in 
the Black Sea climate DWT (double wall thicknesses) and WT (wall 
thicknesses) characteristics had high values.  
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INTRODUCTION 
 

Plants form the basis of the food pyramid because of their special ability to 

photosynthesize their own food. For this reason, all living life depends directly or indirectly 

on plants (Cetin et al. 2020). In addition to this, plants fulfil many ecological and social 

functions such as reducing air and noise pollution, preventing erosion, and reducing the 

speed of wind in the environment (Sevik et al. 2020). 

Besides the many functions that they provide, plants are also crucial economic 

resources. In addition to being used as food, woody plants are a raw material source for 

many industries such as furniture, paper industry, and fibre chipping industry. Both quality 

and significance of plants as a source of raw materials in these industries are largely related 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yigit et al. (2021). “Wood anatomy vs. conditions,” BioResources 16(3), 5862-5874.  5863 

to their anatomical characters (Yigit et al. 2016; Sevik et al. 2017). The anatomical 

characters of plants are mostly shaped under the influence of environmental factors. 

Climate parameters, particularly precipitation and temperature, affect the development and 

anatomical characters of plants (Ren et al. 2018; Turkyilmaz et al. 2018a,b).Turkey is 

affected by three main climate types, which have quite different characters. These climate 

types are Black Sea, Terrestrial, and the Mediterranean climate. In Turkey, many woody 

plant species can be grown in areas where all three climate types are dominant. The 

morphological characteristics of these plants do not differ significantly from each other 

(Cetin et al. 2018a,b). However, information on how they differ anatomically is not 

sufficient. 

In fact, wood anatomical characters that are of great importance especially for the 

wood raw material industry, can give an idea on many issues such as genetic variation 

studies, and determination of the stress level adaptability of plants (Yigit et al. 2018). 

However, the studies on how wood anatomical characters change depending on the climate 

type are minimal. In order to contribute to filling this gap in the literature, this study aims 

to determine how some anatomical characteristics in two different woody plant species 

differ in individuals grown in areas where different climate types prevail. 

 Nerium oleander used in the study is found in the eastern Mediterranean along the 

coasts of Montenegro, Croatia and Albania, in Southern and Eastern Greece, in many of 

the Aegean Islands, in Western, Southern and Southeastern Anatolia, Cyprus, Western 

Syria, Lebanon, Israel, Jordan, Northeastern Iraq and it is widespread in western Iran. In 

Turkey, it spreads naturally in the provinces of Manisa, Çanakkale, Balıkesir, Muğla, 

Denizli, Aydın, Antalya, Mersin, Adana, Hatay, and Adıyaman provinces. It is an 

evergreen, poisonous, and highly decorative shrub that can grow to 6 m tall, belonging to 

the Apocynaceae family, and is a very valuable shrub that is frequently used in landscaping 

(Akkemik 2018). It is also an important species in the pharmaceutical industry (Vikas and 

Payal 2010). Rosa sp. is a shrub-like plant belonging to the Rosaceae family, which sheds 

its leaves in winter. In the flora of Turkey, 26 Rosa species and 13 hybrids are registered. 

There are also many cultivars available. Rosa species are also extremely important species 

in terms of cosmetics and pharmaceutical industry as well as landscape studies (Akkemik 

2018; Bragă and Dincă 2019). 

 

 

EXPERIMENTAL 
 

Materials 
The study was carried out on Nerium oleander and Rosa individuals grown in 

various phytosociological areas. Within the scope of the study, the wood samples were 

taken from individuals grown in various climate regions in Turkey with three different 

ecological conditions, such as Antalya province, where the Mediterranean climate type 

prevails, Eskisehir province, where the Terrestrial climate type prevails, and Kastamonu 

province where the Black Sea climate type prevails. While the annual average temperature 

is 18.8 °C in Antalya, one of the provinces subject to the study, it is 11.3 °C in Eskişehir 

and 9.8 °C in Kastamonu. While the average number of rainy days is 85.4 days/year in 

Antalya, 102.4 days/year in Eskişehir, 146.5 days/year in Kastamonu, the annual average 

precipitation is 1061.7 mm in Antalya and 372.9 mm in Eskişehir, and 482.3 mm in 

Kastamonu province (MGM, 2021). The samples used in the study were taken from the 

mature woods of the main stems of the individuals. Since all three climate types prevail at 
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different altitudes, sampling from the same altitude is not possible. However, sampling was 

conducted from areas where the effects of all the three climate types are clearly seen, and 

an attempt was made to select similar morphological characteristics of the samples 

(maturity status, diameter, height, etc.). Ten samples of each species were taken. 

No similar study has been conducted on these species or on the comparative wood 

anatomy in different phyto-geographic regions. For this reason, this study is the first 

research of its kind in Turkey. 

  

Methods 
Wood maceration was performed on the plant species used within the scope of the 

study. Approximately 150 fibre measurements were made for each species, and fibre 

length, fibre width, and lumen width were measured for each species. With the results 

obtained, felting ratio, elasticity coefficient, rigidity coefficient, Muhlsteph ratio, Runkel 

ratio, and F-factor were calculated. 

The sample branch pieces taken from plant species were cut into matchstick-size 

pieces to make them suitable for the maceration process. The cut samples were stored in 

labelled test tubes. Approximately 0.5 mL of sodium chlorite (NaClO2) solution was added 

to the samples inside the test tubes. Later, pure water was added in a way to exceed the 

sample size in the test tubes. Sodium chlorite and acetic acid were used to release the fibres 

in the maceration process. This method, developed by Spearing and Isenberg (1947), is 

known as the chlorite method. 

Sodium chlorite is a compound used as a disinfectant. A total of 1.5 mL of acetic 

acid was added onto the sample mixed with the help of a Pasteur pipette, and the glass test 

tubes were thoroughly mixed. Later, some hot water was poured into an empty beaker and 

the glass test tubes were placed inside. These processes were repeated three times at 30 

min intervals. However, in each of these repetitions, 1 part of NaClO2 and acetic acid were 

added. After repeating this procedure three times, the lignin was softened. 

The samples in the test tubes were cleaned by rinsing with pure water and then dried 

on the filter paper. The washing process was continued until the rinsing water became clear. 

After the washing process was completed, some pure water was taken in an empty beaker, 

and the samples were placed in that water and mixed using a laboratory mixer for 10 min. 

After the process was completed, the solutions were poured in jars. A total of 10 mL of 

methanol (CH3OH) was poured into the jars to prevent bacterial contamination.  

In order to make measurements of the decomposed fibre, it was dripped onto the 

millimetre glass slide with the help of a Pasteur pipette. The fibre measurements were made 

on the computer with the help of SOIF BK5000-L Binocular Laboratory Microscope-IOS 

Plan Achromat (Shanghai optical Instrument Import & Export Co., Ltd, Shanghai, China) 

and a video camera (Samsung Electronics Co., Ltd., Suwon, South Korea). MShot Digital 

Imaging System (Microshot Technology Pte.Ltd., China & Singapore) program was used 

for the measurements. 

The measurements of fibre lengths, fibre widths, and lumen widths of the species 

were made with a 4X plan achromat lens. For this purpose about 150 measurements were 

made from each sample. Within this context, fibre lengths (FL), fibre widths (FW), lumen 

widths (LW), double wall thicknesses (DWT), and wall thicknesses (WT) were measured. 

Through these values obtained, felting ratios (FR), elasticity coefficients (EC), rigidity 

coefficients (RIJID), Muhlstep ratios (MUHT), Runkel ratios (RUNK), and F-Factors (FF) 

were calculated. The formulas used in determining the anatomical characters are shown 
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below (Eqs. 1 through 6) (Bozkurt 1971; Goksel 1986; Tank et al. 1990; Yaman and 

Gencer 2005; Kirci 2006): 

Felting Ratio = Fibre Length (L) / Fibre Width (D)        (1) 

Elasticity Coefficient = Lumen Width (d) × 100 / Fibre Width (D)      (2) 

Rigidity Coefficient = Fibre Wall Thickness (W) × 100 / Fibre Width (D)     (3) 

Muhlstep Ratio = Fibre Wall Area (D2 - d2) ×100/Fibre Cross-Sectional Area (D2) (4) 

Runkel Ratio = 2 × Fibre Wall Thickness (W) / Lumen Width (d)      (5) 

F-Factor = Fibre Length (L) × 100 / Fibre Wall Thickness (W)                 (6) 

The data obtained from this study were evaluated with the help of the SPSS package 

program (SPSS 20.0 version. IBM Turk Co., Ltd., İstanbul, Turkey). Later, the variance 

analysis was applied to the data, and homogeneous groups were formed by applying 

Duncan’s test, if there was a significant difference at the level of P < 0.05, and the results 

were interpreted (Kalipsiz 1994; Ercan 1995). 

By applying the analysis of variance to the data obtained within the scope of the 

study, it was determined whether there was a statistically significant (p<0.05) difference 

between the characters of the study in individuals who grew up in different climate types. 

Duncan test was applied to the data that was determined to have a statistically significant 

difference. Duncan test provides grouping of data and determines in which group each 

climate type is. As a result of the Duncan test, it is revealed that there is no statistically 

significant difference found among the climate types within the same groups. As a result 

of the Duncan test applied within the scope of the study, each group was symbolized with 

a letter (a: first group, b: second group, c: third group). In addition, the obtained values are 

sorted in order from smallest to largest, the smallest values are in the first group and the 

highest values are in the last group. Within the scope of the study, the mean values, the F 

value obtained as a result of the analysis of variance, the statistical significance level and 

the groups formed as a result of the Duncan test have been simplified and given in a single 

table in order to interpret the data more easily. 

 

 
RESULTS 
 

Table 1 below gives the climate-dependent changes of anatomical characters of 

Rosa sp. individuals analysed within the scope of the study. 

It is clear from Table 1 that the climate-dependent changes of all anatomic 

characters except for FW were at a statistically significant level (P < 0.05). When the mean 

values and the groupings formed as a result of Duncan test are examined, it is seen that the 

individuals grown in the Black Sea climate type were in the first homogeneous group for 

all characteristics except for FL, LW, EC, and FF. The highest values in all characters 

except for LW, EC, and FF were obtained in individuals grown in the Terrestrial climate 

type. The relationship levels of anatomical characters in Rosa sp. individuals are given in 

Table 2. 
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Table 1. Changes of Anatomical Characters Depending on Climate Type in Rosa 
Individuals 

Characteristics Mediterranean Terrestrial Black Sea F Value 

FL 483.9 a 622.5 c 536.7 b 23.575*** 

FW 17.06 18.01 17.24 1.357 ns 

LW 8.39 b 7.16 a 9.04 b 10.52*** 

DWT 8.67 a 10.85 b 8.19 a 16.339*** 

WT 4.33 a 5.42 b 4.09 a 16.389*** 

FR 30.11 a 36.35 b 32.97 a 9.094*** 

EC 49.13 b 40.61 a 53.34 c 24.451*** 

RIJID 50.86 b 59.38 c 46.65 a 24.457*** 

MUHT 72.79 b 81.60 c 68.81 a 21.988*** 

RUNK 2.68 b 3.55 c 2.20 a 19.849*** 

FF 7406 a 6671 a 9035 b 5.402** 

Note: letters indicate horizontal differentiation between the factors, * significant at 0.05 level. ** 
significant at 0.01 level. *** Significant at 0.001 level. ns: not significant. 

 

Table 2. Relationship Levels of Anatomical Characteristics in Rosa Individuals 

 FW LW DWT WT FR EC RIJID MUHT RUNK FF 

FL 0.248** 0.067 0.241** 0.240** 0.699** -0.110* 0.110* 0.108* 0.101* 0.262** 

FW 
 0.563** 0.726** 0.726** 

-
0.444** 

-
0.133** 

0.133** 0.119* 0.131** -0.263** 

LW 
  

-
0.159** 

-
0.160** 

-
0.293** 

0.708** 
-

0.708** 
-

0.699** 
-

0.631** 
0.314** 

DWT 
   1.000** 

-
0.286** 

-
0.747** 

0.747** 0.724** 0.681** -0.576** 

WT 
    

-
0.286** 

-
0.747** 

0.747** 0.724** 0.681** -0.576** 

FR      0.027 -0.027 -0.018 -0.035 0.475** 

EC 
      

-
1.000** 

-
0.980** 

-
0.889** 

0.659** 

RIJID        0.980** 0.889** -0.659** 

MUHT         0.793** -0.723** 

RUNK          -0.461** 

Note: * significant at 0.05 level. ** significant at 0.01 level. *** Significant at 0.001 level. ns: not 
significant 

 

When the relationship levels between anatomical characters in Rosa individuals 

were examined, it was seen that almost all characteristics were significantly related to each 

other. It is noteworthy that there were strong negative relationships between some 

characteristics, in particular. The change of anatomical characteristics depending on the 

climate type in the individuals of Nerium oleander, which is another species evaluated 

within the scope of the study, is given in Table 3. 
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Table 3. Changes of Anatomical Characteristics Depending on Climate Type in 
Nerium oleander Individuals  

Characteristics Mediterranean Terrestrial Black Sea F Value 

FL 411.9 b 380.4 a 367.0 a 5.643** 

FW 19.60 19.44 20.89 2.67 ns 

LW 10.54 b 8.81 a 9.98 b 7.253** 

DWT 9.06 a 10.62 b 10.90 b 6.084** 

WT 4.53 a 5.31 b 5.45 b 6.084** 

FR 22.34 b 21.03 b 18.97 a 6.816** 

EC 54.18 b 46.38 a 48.67 a 8.771*** 

RIJID 45.81 a 53.61 b 51.32 b 8.776*** 

MUHT 68.73 a 74.91 b 73.58 b 5.188** 

RUNK 1.98 a 3.27 c 2.67 b 15.234*** 

FF 5704 5051 4789 1.461ns 

Note: letters indicate horizontal differentiation between the factors, * significant at 0.05 level. ** 
significant at 0.01 level. *** Significant at 0.001 level. ns: not significant 

 

Table 4. The Relationship Levels of Anatomical Characters in Nerium oleander 
Individuals 

  FW LW DWT WT FR EC RIJID MUHT RUNK FF 

FL 0.170** 0.181** 0.056 0.056 0.624** 0.06 -0.06 -0.044 -0.083 0.235** 

FW  0.566** 0.740** 0.740** 
-

0.594** 
-

0.159** 
0.159** 0.166** 0.122** 

-
0.333** 

LW   
-

0.136** 
-

0.136** 
-

0.296** 
0.690** 

-
0.690** 

-
0.657** 

-
0.645** 

0.242** 

DWT    1.000** 
-

0.472** 
-

0.754** 
0.754** 0.736** 0.674** 

-
0.598** 

WT     
-

0.472** 
-

0.754** 
0.754** 0.736** 0.674** 

-
0.598** 

FR      0.148** 
-

0.149** 
-

0.143** 
-

0.144** 
0.464** 

EC       
-

1.000** 
-

0.979** 
-

0.883** 
0.654** 

RIJID        0.979** 0.884** 
-

0.654** 

MUHT         0.780** 
-

0.737** 

RUNK          -
0.432** 

Note: * significant at 0.05 level. ** significant at 0.01 level. *** Significant at 0.001 level. ns: not significant. 

 

When the values in Table 3 were examined, it was seen that the climate-dependent 

changes of all anatomic characters except for FW and FF were at a statistically significant 

level (P < 0.05). When the mean values and the groupings formed as a result of Duncan 

test were examined, it was seen that the data form two homogeneous groups in terms of 

characteristics except for RUNK character and the individuals grown in the Black Sea 

climate type were in the second homogeneous group in all characters except for FL, FR 
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and EC. The relationship levels of anatomical characters in Nerium oleander individuals 

are given in Table 4. 

Like in Rosa sp. individuals, almost all anatomical characteristics in Nerium 

oleander individuals were significantly related to each other. The fact that many 

characteristics were calculated correlatively could be the reason for this situation. 

 
 
DISCUSSION 
 

From this study, it was found that the wood anatomical characteristics in both Rosa 

sp. and Nerium oleander species varied in individuals grown in areas where different 

climate types prevailed. However, the climate types, in which each characteristic has a 

higher value, are different in the two species. 

Some of the characteristics considered in the study are highly important anatomical 

characteristics for industries when using wood as raw materials. For instance, in the felting 

ratio that is calculated as the ratio of fibre length/fibre width, increased with increasing 

fibre length, and if the ratio drops below 70%, the resistance property of the paper 

decreased (Kirci 2003). Felting ratio values are generally between 40 and 60 in the woods 

of leaved trees, and over 100 in the woods of coniferous trees (Ozdemir et al. 2018). Felting 

ratio (KECE) was far below this value in both species studied. However, the results 

indicated that the KECE of the Rosa individuals grown in the Terrestrial climate type was 

20% higher than in those grown in the Mediterranean climate type. This may be applicable 

to those species that are important to the paper industry. 

Similarly, the rigidity coefficient (RIJID) being high affects the physical resistance 

property of the paper in a negative way (Alkan et al. 2003). An increase in RIJID value 

revealed, tearing, fracture, and explosion properties of the paper to be decreasing 

(Tunctaner et al. 2003). In this study, it was found that the RIJID value was higher than 

that in individuals grown in the Terrestrial climate type in both species. 

Runkel ratio (RUNK) is another important characteristic in papermaking (Ozdemir 

et al. 2015). The results show that the RUNK value was relatively higher in individuals 

grown in the Terrestrial climate type. For instance, in Nerium oleander, the RUNK of 

individuals grown in the Terrestrial climate was approximately 65% higher than that of 

individuals grown in the Mediterranean climate type.  

F-Factor (FF) is one of the important characters in the papermaking industry. The 

FF value provides information on the flexibility of the paper, and when the FF value 

increases, the usage rate of the fibres is stated to be increasing as well (Tunctaner et al. 

2003; Istek et al. 2009). In this study, the FF value varied considerably depending on the 

climate type. For instance, the FF value of the Rosa individuals grown in the Black Sea 

climate was approximately 35% higher than that grown in the Terrestrial climate type. 

Wood anatomical characteristics are the most important factors affecting the 

product quality both in the paper industry and in other industries that use wood as raw 

material, such as fibre-chip industry and timber industry. For this reason, many studies 

have been conducted on the identifications of the wood anatomical characteristics of 

various plant species, and on the suitability of their usage as raw materials in these 

industries (Marbun et al. 2019; Prasetyo et al. 2019; Sinha et al. 2019; Zhao et al. 2019). 

In a study, the most abundant elements found in Rosa canina were as K (2963.0 

mg/kg), Ca (1820.0 mg/kg), Mg (709.0 mg/kg), P (495.0 mg/kg), and S (289.8 mg/kg). 

(Paunovic et al., 2019). However, studies on the species mostly focus on its fruits and 
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pharmacological properties (Kerasioti et al. 2019; Wanes et al. 2020; Jemaa et al. 2017). 

In a study on Nerium oleander, the presence of hemicelluloses and lignin in their structure 

was supported by the low calculated crystallinity index (CrI, 43.4%) and the small 

crystallite size (2.23) (Jabli et al. 2018). However, in Nerium oleander, studies on chemical 

characteristics mainly have concentrated on flowers (Ali et al. 2010), and leaves (Margitai 

et al. 2017). 

However, in the studies conducted, mostly the wood anatomical characters of the 

species were evaluated. The present work indicates that there may be significant 

differences in the wood anatomical characters of individuals grown in areas with various 

climate types. This is because the wood anatomical characters mainly depend on growth 

rate and stress factors. These factors are edaphic and climate factors, such as precipitation, 

temperature, light, air pollution, soil structure, and soil nutrient status (Ren et al. 2018; 

Turkyilmaz et al. 2018a,b; Sevik et al. 2019a,b; Cetin et al. 2020). For this reason, 

differentiation of these factors may cause the wood anatomical characters to differ 

significantly. These results reveal the fact that plants’ micro-morphological characteristics 

differ significantly in individuals grown in areas where different climate types prevail 

(Cetin et al. 2018a,b). 

Genetic structure is another factor affecting the anatomical characters of plants. 

Plant anatomical characters are shaped by the mutual interaction of genetic structure and 

environmental conditions (Hrivnák et al. 2017; Yigit et al. 2018; Yucedag et al. 2019). The 

plants’ reaction to environmental factors are closely related to the genetic structure of 

plants (Aricak et al. 2020; Turkyilmaz et al. 2020; Sevik et al., 2020b). It is found that 

plants belonging to the same species may react differently to the same growing conditions 

due to the fact that they have different genetic structures (Topacoglu et al. 2016; Varol et 

al. 2017; Yucedag et al. 2019). 

Plants’ course of growth, and thus their morphological and anatomical 

characteristics, are shaped by the environmental and genetic conditions, as well as other 

factors affecting these characters. For instance, many applications, such as pruning, 

fertilization, and shading can change the environmental conditions, and thus the growth of 

the plants, which then change their anatomical characters (Guney et al. 2016; Yigit et al. 

2018). 

 

 

CONCLUSIONS 
 
1. The results from this study showed that the wood anatomical characteristics of both 

species differed significantly depending on the climate type. This is of great importance 

for industries where wood anatomical characters are highly important and determine 

product quality, especially when wood is used as raw material. This is because the 

quality of the products to be produced with the wood raw material obtained from the 

areas, where different climate types prevail, will be different, despite being the same 

species. Consequently, the level of impact of climate types on wood anatomical 

characters should be determined through the studies to be conducted on the species that 

are intensively used or have the potential to be used in these industries. 

2. This study revealed that each climate type has various level of impact on different 

anatomical characteristics. For example, in Nerium oleander, the highest values were 

obtained in individuals grown in the Mediterranean climate type in FL, LW, FR, and 
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EC characteristics, in the Terrestrial climate type in RIJID, MUHT, and RUNK 

characteristics, and in the Black Sea climate type in DWT and WT characters. Each of 

these characteristics is important for various industries. Therefore, identification of the 

climate type, in which the characteristics needed for each industry develops at the 

highest level, and supply of wood raw material from this region may contribute to the 

increase of product quality. 

3. In previous studies, the anatomical characters were only evaluated in terms of usability 

of wood as raw material. However, these characteristics are shaped by the mutual 

interaction of environmental conditions and genetic structure. Thus, determining how 

these characteristics are shaped depending on various environmental conditions and 

genetic structure, and putting them into practice during plant growing can be highly 

effective on product quality. 
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