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Abstract: The present study assessed the wood density and tree slenderness coefficient (TSC) of 

Pinus roxburghii in Jalpa Devi Community forest, Bhaktapur, Nepal. A total of 72 increment cores 

were collected using Haglof increment borer (5.15 mm). The ρk was calculated as the ratio of 

wood dry mass (dm) obtained by the core method to core volume (v), while TSC was determined 

by dividing the total tree height (TH) to diameter at breast height (DBH) outside the bark. The 

average wood density was measured 533. 37 kg m⁻³, while the corresponding tree slenderness 

coefficient was found 48.72. Majority of Pinus roxburghii (95.83%) in the study sites was found 

with a low slenderness coefficient (TSC<70). Relationships between different tree growth 

variables revealed a significant positive correlation of TSC with tree height and a significant 

negative correlation (P <0.05) with DBH, while wood density showed a positive correlation with 

all tree growth variables except TSC and tree height. Among all the regression models, the 

exponential model was observed as the best-fit model for Pinus roxburghii. The present study not 

only enhances our understanding of the growth characteristics of Pinus roxburghii but also opens 

avenues for further exploration and innovation in the field of forest ecology. Future studies could 

use a combination of methodologies, to validate the results and investigate the broader ecological 

implications of wood density measurements. 

Keywords: Age - Growth Model - Pinus roxburghii - Tree Slenderness Coefficient - Wood 

Density. 
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destructive estimation of wood density and tree growth characteristics of Pinus roxburghii Sarg. in the mid-hill 

region of Nepal. Tropical Plant Research 12(1): 1–11] 

INTRODUCTION 

Pinus roxburghii Sarg. (Local name - Khote Salla, Common name - Chir pine) is an evergreen tree species 

belonging to the family Pinaceae that is indigenous to the Himalayas and has a distribution range in Nepal, 

Bhutan, India, and Pakistan (Rajbhandari et al. 2020). Around 105 species of pines are found worldwide among 

which only three species (Pinus roxburghii Sarg., Pinus wallichiana A.B.Jacks., and Pinus wallichiana var. 

manangensis H.Ohba & M.Suzuki are found in Nepal (Press et al. 2000). The two species, Pinus roxburghii and 

Pinus wallichiana, are one of the most important tree species for the local people for their livelihoods and 

subsistence in mid-hills of Nepal (Springate-Baginski & Dev 2003, DFRS 2015). Pinus roxburghii grows 

mainly between 900 m and 1,950 m above mean sea level and it is one of the most widely planted species in 

Nepal (Jackson 1994). This species holds significant commercial value in the Himalayas, being utilized for 

timber,  turpentine,  and  various  medicinal  and  cultural  purposes (Tiwari 1994, Siddique et al. 2009). Various 
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studies have been carried out to study the  age structure,  disturbance history, tree  growth performance, and tree 

ring structure of P. roxburghii with the changing climate (Bhattacharya et al. 1992, Bhuju & Gaire 2012, Speer 

et al. 2012, Tiwari et al. 2020), allometric relationships for biomass prediction (Sharma & Pukkala 1990), and 

basal area growth model (Gyawali et al. 2015). However, studies on wood density and tree slenderness 

coefficient (TSC) with reference to its relationship with the tree growth characteristics are scare in Nepal. 

Understanding these relationships is crucial because it can provide valuable insights into the health, 

productivity, and resilience of forests.  

Tree slenderness coefficient (TSC) is a significant quantitative measurements, technically defined as the  

ratio of total tree height (THT) to diameter outside bark at 1.3 m or 4.5 ft above the ground level, when both 

DBH and height measured in the same unit  (Wang et al. 1998, Harja et al. 2012, Oyebade et al. 2015). The tree 

slenderness ratio provides an excellent indication of their long-term exposure to wind before harvesting 

(Rudnicki et al. 2001). According to Navtatil (1996) biological factors which deal with the species characteristic 

and physical factors which are directly connected to wind components determine the stability of a forest stand. 

Wang et al. (1998) also mentioned that the susceptibility of a stand to wind throw is influenced by a 

combination of the tree's physical growth characteristics, the stand condition as well as the site soil and quality. 

Navrtatil et al. (1994) have categorized tree slenderness coefficient into three different classes as low 

slenderness coefficient (SC< 70), moderate slenderness coefficient (70–99) and high slenderness coefficient 

(SC> 99). Several studies have been carried out on slenderness coefficient and stand stability potential in many 

parts of the world (Wang et al. 1998, Liu et al. 2003, Rudnicki et al. 2004, Műnzer et al. 2023). However, in 

Nepal research on tree slenderness coefficient (TSC) is rare compared to other related studies. Information on 

the slenderness coefficient is very important in the face of changing climate and ecosystem management as they 

provide valuable information about the forest stability and continued existence, while providing insight into the 

susceptibility of species to wind-related damages. This knowledge gap in the present context demands dedicated 

studies on TSC in Nepal to enhance our understanding of forest structure, growth patterns, and responses to 

environmental stressors. 

The determination of basic wood density is a functional parameter for forest inventories, reporting forest 

biomass, carbon stocks and climate financing (Brown et al. 1989, Morel et al. 2018). According to Chave et al. 

(2005) after DBH, wood density measurements are  the second most important parameter in predicting the 

biomass of a tree and have  an appreciable influence on many solid wood properties. The density of wood is 

highly variable and it can vary within and between individual trees in forests (Gao et al. 2017). In particular 

within-tree variation constitutes a major part of the overall variability where wood density varies considerably 

from pith to bark, especially in tropical trees (Hietz et al. 2013, Bastin et al. 2015). The mass and amount of 

carbon are significant variables in carbon inventories which also depend on wood density (UNFCCC 2008). The 

methods for the determination of wood density are often scare due to costs involved, techniques and instruments 

in use (Olale et al. 2019). The conventional method for determining volume and mass of standing trees involves 

taking increment cores and processing them in a laboratory. The term non-destructive is used in comparison 

with sampling methods that require felling of trees. X-ray densitometry, X-ray diffractometry and image 

analysis is another method for wood density measurements which also uses increment cores (Cown & Clement 

1983, Eberhardt & Samuelson 2015). In the meantime, different non-destructive methods and field instruments 

have been widely used to determine the wood density without using increment borers. Examples of such 

techniques include the torsiometer, Pilodyn wood tester, nail withdrawal and resistance drilling tools (Gao et al. 

2017). In Nepal, volume equations and biomass prediction have been addressed by Sharma & Pukkala (1990), 

which includes volume tables for twenty important tree species and two species groups as miscellaneous species 

in the Terai and Hills. Their study was the first step that convert the volume tables into equations and metric 

systems. This study provides a baseline for rough estimates of the biomass of stem, branches and foliage. 

However, in the method they have adopted, they have also taken air-dry densities of several Nepalese tree 

species from the Master Plan for the Forestry Sector, 1988. Given the advancements since then, updated 

research is needed to enhance the accuracy of these estimates in the context of changing climate and 

environmental degradation to inform conservation and management strategies about enhancing carbon 

sequestration potential. 

Therefore, for the purpose of achieving rapid, reliable, and economical wood density measurements, the 

present study determined the wood density using a nondestructive conventional increment core method. This is 

the first study attempting to assess the wood density of conifer species using dimensional method. Furthermore, 

the objective of this study is to assess and develop the best fit model for slenderness coefficient of P. roxburghii 
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in Jalpa Devi Community Forest, Telkot, Bhaktapur, which could also serve as baseline means of assessing the 

stability of tree to wind throw. The results of the study would provide a significant gateway for similar kinds of 

study in different research areas. This would also pave paths that would lead to more research in various 

ecological sectors that could benefit from the dimensional method. 

MATERIALS AND METHODS  

Study area and climate 

The study was carried out in a planted Pinus roxburghii forest stand in Jalpa Devi Community Forest, 

Telkot, Bhaktapur (Fig. 1). The community forest was established in 2057 B.S., covering an area of 34.64 ha. 

The community forest lies in ward no. 9, Challing of Bhaktapur District which is located at 1500 m from msl. 

The community around this forest has been protecting the forest by forming a conservation committee for 2 

years before it was formally transferred and taken as a community forest in 2058/059. The forest area extends 

across North-South aspects, harboring a diverse array of reproductive species in a mixed composition, such as 

Pinus roxburghii, Pinus wallichiana, Schima wallichii (DC.) Korth., Castanea sativa Mill., Myrica esculenta 

Buch.-Ham. ex D.Don, Myrsine capitellata Wall., Myrsine semiserrata Wall., Quercus glauca Bürger ex 

Blume, and Rhododendron arboretum. The community forest currently has 266 household consumers from 

Chaling ward no. 9 and Nagarkot ward no. 1, 2 and 3. According to the available meteorological data of 

Changunaryan station (27.71° N, 85.42° E, 1502 m) from 2011–2023 AD, which is nearby the study sites, an 

average monthly temperature generally ranges from 4°C to 28°C. June and August are the hottest month in the 

Bhaktapur. Whereas January is the coldest month of the year with an average low of 3°C and high of 21°C 

temperature. Monthly rainfall in Bhaktapur changes across the seasons. July and August receive the highest 

amount of rainfall, whereas the minimal rainfall period in Bhaktapur lasts for about 6 months extending from 

November to April (Fig. 2).  

 
Figure 1. Location of the study area showing sampling sites of Pinus roxburghii Sarg. in Jalpa Devi Community Forest, 

Telkot Bhaktapur. 

Data collection 

The sampling sites of the present study lie in mid- hill regions of Nepal with an altitudinal range of 1500 m 

from msl. Single-line transects of 1Km were delineated for the collection of samples (Fig. 1). Three 0.0625 ha 

(25 m × 25 m) (Oladoye et al. 2020) plots were laid along the transect at 500 m distance, excluding the northern 
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part of the forest due to the absence of pine trees. Therefore, sampling was exclusively done across the southern 

part of the forest. All the Pinus roxburghii, that encountered within plots were measured for DBH and height. 

The Pinus roxburghii in the community forest was planted, therefore the majority of tree are found with more 

than 30 cm girth at breast height. Hence, for wood density measurement, a total of 72 increment cores were 

collected using Haglof increment borer (5.15 mm) following commonly used techniques (Fritts 1965, 1976). 

After the collection of tree core samples, the samples were well preserved in handmade straws, and the samples 

were analyzed in the Dendro laboratory of Nepal Academy of Science and Technology (NAST). To determine 

the age of a particular tree the total rings were measured to the nearest 0.01 mm with a LINTABTM5 measuring 

system attached to a PC running time-series analysis package for Windows (TSAP-win software) (Rinn 2003). 

 
Figure 1. Climograph showing monthly sum of precipitation and average minimum maximum and mean 

temperature (2011–2023 AD) recorded in Changunaryan meteorological station. 

Laboratory measurements  

The wood density (ρk) refers to the mass of oven-dry wood per unit volume of green wood (Nogueira et al. 

2008). For the measurements, only those samples that have both bark and pitch were used. The green volume of 

each individual tree core was measured using a non-destructive dimensional method. In the dimensional 

method, the volume of a tree core was calculated assuming a regular cylindrical shape (Olale et al. 2019). 

 
𝑉 =

𝜋𝑑2

4
× 𝑙 

1 

Where, d is the core diameter (0.00515 m) and l is the total length of the core in m. The total length of the 

core samples was measured with a caliper. To determine the weight of an individual core at oven-dry moisture 

content, the cores were oven-dried at 105°C for 48 hours (Černý et al. 2019; Dirnberger et al. 2017) until 

constant weight was obtained. The ρk was then calculated as the ratio of wood dry mass (dm) obtained by the 

core method to core green volume (v). 

 
Wd =

dm

v
 

2 

Where, dm is wood dry mass (kg) and v is core green volume (m3) 

The tree slenderness coefficient (TSC) as a dimensionless value was calculated per tree (Adeyemi & 

Adesoye 2016; Liepiņš & Rieksts-Riekstiņš 2013; Oyebade et al. 2015) using: 

 
TSC =

H

DBH
 

3 

Where TSC is tree slenderness coefficient, H is tree height (m) and DBH is diameter at breast height (m). 

Basal area, the sum of cross-sectional area measured at breast height (1.3 m) for individual trees within each 

plot was estimated using equation (Husch et al. 2003).  

https://www.tropicalplantresearch.com/


Tropical Plant Research (2025) 12(1): 1–11 

www.tropicalplantresearch.com  5 

 
𝐵𝐴 =

𝜋𝐷2

4
 

4 

Where, BA = Basal Area (m2), π = 3.142 (constant), D = diameter at breast height (m) 

Data analysis 

Descriptive statistics, correlation analysis and regression models (Linear, exponential, logarithmic, power 

and polynomial) were used to analyze the relationships between TSC and the independent variables (tree height 

and DBH). DBH and tree height were used as predictor variables as these variables can be easily measured in 

the field with better accuracy (Ige 2017). The evaluation of the fitted models was based on the numerical 

analysis of the residuals with the least values of the standard error of estimate (SEE) and the highest values of 

coefficient of determination (R2) (Ige 2017, Oladoye et al. 2020). The correlation among the tree stand growth 

variables was evaluated using Karl Pearson’s correlation coefficient at a significance level of α = 0.05.  

RESULTS 

Summary statistics of tree growth variables for Pinus roxburghii 

All together 72 trees were measured, the summary statistics of the measured data used in the present study is 

summarized in table 1. The average height measured for all trees in the study sites was 22.51 m with a standard 

deviation of 1.71. The DBH and BA value ranges from 0.32 m to 0.59 m and 0.08 to 0.27, respectively. The 

TSC and wood density (with bark and pitch) have a mean value of 48.72 and 533.37 kg m⁻3. This dataset has the 

broadest range of wood densities from 401.94 kg m⁻3 to 670.3 kg m⁻3. A greater variability in basal area among 

the trees was observed with Cov of 28.11, followed by TSC, age, core length, DBH, wood density and tree 

height (Table 1). The result of TSC categorization for the measured data in the study area revealed that the 

majority of Pinus roxburghii (95.83%) had low slenderness coefficient (TSC < 70) (Fig. 3). Only 4.16% of the 

trees had moderate slenderness category (70–99) (Fig. 3). The wood density values across age classes showed 

an increasing trend with tree age. The average wood density value was highest for age class 40-50 (542.65 kg 

m⁻3) followed by 30-40 (532.78 kg m⁻3) and 20-30 (507.76 kg m⁻3) (Fig. 4A). In a similar way wood density 

follows the increasing trend with increased DBH of the tree. Among three classes, DBH class 50–60 had the 

highest wood density of 554.21 kg m⁻3 (Fig. 4B).  

Table 1. Statistical summary of tree growth variables of Pinus roxburghii Sarg. in Jalpa Devi Community Forest, Bhaktapur. 

Tree Growth Variables Mean SD Cov Minimum Median Maximum 

DBH (m) 0.47±0.008 0.072 15.05 0.32 0.49 0.59 

Tree Height (m) 22.51±0.20 1.710 7.55 16.50 22.50 27.50 

Core Length (m) 0.23±0.004 0.040 17.09 0.16 0.23 0.33 

TSC 48.72±1.06 9.080 18.62 34.73 45.99 73.43 

Wood density (kg m⁻3) 533.37±7.49 63.630 11.92 401.94 529.62 670.30 

BA (m2) 0.180±0.005 0.050 28.11 0.08 0.19 0.27 

Age 38.72±0.79 6.730 17.38 25.00 39.50 51.00 
Note: SD - Standard Deviation, Cov - Coefficient of Variation, DBH - Diameter at Breast, WD - Wood Density, Height, BA - 

Basal Area, TSC - Tree Slenderness Coefficient. 

 
Figure 2. Frequency distribution of Pinus roxburghii Sarg. by TSC class. 
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Figure 3. Average wood density value: A, age class; and B, DBH class. 

Correlation analysis and tree slenderness coefficient (TSC) models 

To determine the relationship between different tree growth variables such as DBH, tree height, TSC, core 

length, wood density, BA and age a triangular heatmap was made to visualize relationships in a symmetric 

matrix. Most of the tree growth variables had a significant positive correlation with each other with fewer 

variables having weak and negative correlations. There was a significant and positive correlation between DBH 

and core length, wood density, BA and age. Tree height showed a significant positive correlation with TSC and 

age. In addition to this BA also had a significant positive correlation with core length and wood density with 

correlation coefficients (r- values) of 0.29 and 0.36, respectively (Fig. 5). The categorization of the best fit 

model was based on high R2 value and lowest value of standard error. Based on these criteria, among the five 

regression models, the exponential model demonstrated the best fit, with a high R² (0.821) and the lowest 

standard error (0.561), followed by the polynomial, linear, logarithmic, and power models (Table 2). 

Table 2. Tree slenderness coefficient models for Pinus roxburghii Sarg. 

Models  Equations R2 SEE 

Linear TSC= -0.007*DBH+ 0.8124 0.783 0.347 

TSC = 0.0568*TH + 19.748 0.091 4.88 

Exponential TSC = 1.0306e-0.016DBH 0.821 0.561 

TSC= 19.689e0.0027TH 0.097 2.28 

Logarithmic TSC = -0.363LN(DBH) + 1.8778 0.769 1.70 

TSC = 3.358LN(TH) + 9.5156 0.115 8.79 

Power TSC= 12.119DBH-0.841 0.796 23.28 

TSC= 12.119TH0.1592 0.123 3.03 

Polynomial  TSC = -2E-05DBH2 - 0.0051DBH + 0.7631 0.783 0.29 

TSC = -0.0069TH2 + 0.8006TH+ 0.3464 0.226 7.82 
Note: DBH-diameter at breast height, TH-tree height, SEE-standard error of estimation, R2-coefficient of determination. 

 
Figure 4. Triangular heat map showing the pairwise Pearson correlation coefficients (R) of the tree growth variables. The 

significance levels (*) for positive and negative correlations were calculated at 95% confidence level. 

 
A 

 
B 
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DISCUSSION  

Summary statistics of tree growth variables for Pinus roxburghii 

The majority of Pinus roxburghii (95.83%) in the study area have a low slenderness coefficient (TSC<70). 

This suggests a high level of stability, particularly during periods of high wind velocity. Conversely, only a 

small proportion (4.16%) of the trees falls into the moderate slenderness category (70–90), indicating a 

comparatively lesser degree of stability under similar wind conditions. A low slenderness coefficient generally 

reflects trees with longer crowns, a lower center of gravity, and a well-developed root system, contributing to 

greater stability. In contrast, trees with values exceeding the threshold of 80 are more likely to experience wind-

throw or wind-induced breakage, as they tend to be taller, narrower, and structurally less stable (Vollsinger et al. 

2005). In general, the values of TSC above 100 indicate low stability and trees are prone to wind damage 

because their root is not well developed and the tree are often characterized with shorter crown and lower center 

of gravity (Oladoye et al. 2020). Thus, the results obtained in the present study highlights that the majority of 

Pinus roxburghii trees in the area are well adapted to withstand high wind velocities, while a minor portion may 

be at greater risk due to their moderate slenderness. Tree in the study sites are mostly dominated by Pinus 

roxburghii, therefore, planting a mix type of tree species, including those known for better wind resistance, 

would be a better option to increase forest resilience to high wind events. Furthermore, training should be 

provided to local forest managers and communities on best practices for managing windthrow risk and 

maintaining forest health. Encouragement should be given for further research on the wind resistance of 

different tree species and the factors influencing tree stability, as this can provide valuable insights for 

improving forest management practices. 

The use of increment cores for wood density determination is one of the most widely used traditional 

methods in standing trees. Since this method is rapid, reliable, and economic compared to other methods, its 

applications have become increasingly important for various researchers. To avoid the complete fell down of the 

trees, the present study used a nondestructive, increment cores for wood density measurements using a 

dimensional method. The mean wood density value in the present study was 533.37 kg m⁻3 ranging from 401.94 

kg m⁻3 to 670.3 kg m⁻3. Wood density increased with increasing DBH and age, with the highest densities being 

recorded in the largest diameter and age classes indicating older and larger trees have higher wood density 

which play a crucial role in carbon sequestration, contributing effectively to climate change mitigation. The 

wood density value of P. roxburghii in the present study is comparatively low as compared to the value obtained 

by (Sharma & Pukkala 1990) which is 650 kg m⁻3. Variation in wood density value for the same species may be 

due to methods used in estimation, and locations of study sites as most of the pine species depends on the 

location where they grows (Zobel Talbert 1984). Local environmental variables such as soil granulometry, 

precipitation and wind conditions, including the genetic makeup of individual trees, and their mechanical and 

physical characteristics also play an important role in determining the wood density of tree (Kollmann & Côté 

1968). In addition to this, abiotic factors such as temperature and elevation might have affected the density of 

the wood (Patino et al. 2009). Gryc et al. (2011) reported an average wood density value of Pine (Pinus 

sylvestris L.) of 551.89 kg m⁻3 with 28.03 standard deviation and 5.08 % of Cov. Bunn (1981) found density of 

Pinus sylvestris L. close to the pith was 340 kg m⁻³ while the density immediately below the bark was 450 kg 

m⁻3. Based on the results of previous studies, it can be inferred that our result (533.37 kg m⁻3) is within the 

range reported in literature for pine species. Panshin & Zeeuw (1982) found a considerable variation in wood 

density and further explained that wood density may vary uniformly followed by either increase or decrease 

over the lifetime of the tree or even value decrease during the juvenile period and then increase as the tree gets 

old. Although, we observed variation across the three DBH classes, our results showed a trend of increasing 

wood density as the tree developed, which points towards an increase in the strength of the tree (Adedeji et al. 

2013). The measurements obtained by coring method accurately represent the whole tree, due to this simplicity 

the coring method is well suited for acquiring wood density from standing trees both in the forest area and 

outside the forest area. The resistance drilling an alternative method for coring has considerable advantages over 

other methods such as torsiometer, nail withdrawal, and Pilodyn. It causes less damage to trees, operates more 

quickly, and provides a more sensitive measurement scale (Gao et al. 2017). On the other hand, the use of 

Pilodyn for wood density measurements has been criticized. However, this method is also less time consuming, 

easy to use and suitable for preliminary classification of a large population having diverse genetic materials 

(Wei & Borralho 1997, Fukatsu et al. 2011). Conventional feeling down of trees for basic wood density 

measurements is considered to be accurate. While accurate, this approach is highly destructive, labor-intensive, 

time-consuming, costly, and tedious. Moreover, it may not be feasible in areas where tree cutting is restricted 
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(Kuyah et al. 2016). Previously a caparison study was done by Olale et al. (2019) using both destructive 

(Cutting trees) and non-destructive methods (increment cores) and found that wood density values derived from 

the two methods produced no significant difference for some species, Mangifera indica and Grevillea robusta 

pointing towards coring or auger method is also a reliable satisfactory method. Paul and Baudendistel (1956) 

also revealed that the increment core method was almost similar in accuracy to standard methods of determining 

specific gravity in wood specimens. However, taking samples at 1.30 m (breast height) may cause sampling 

bias, due to the difference in tree heights, and DBH of individual trees growing at particular areas leading to 

different values of wood density for the same species. Lack of precision in coring, unequal sample core, hard to 

get complete bark to pitch sample in large tress and difficulty in taking samples in dense wood are some 

drawbacks of coring method (Robert & Maeglin 1979, Josza 1988). 

Correlation analysis and tree slenderness coefficient (TSC) models 

Relationships of TSC exhibited a significant positive correlation with tree height and a significant negative 

correlation (P <0.05) with DBH. This implies that tree size is responsible for low tree slenderness instead of 

height.  The largest slenderness coefficient values occur for the trees with small DBH and relatively greater 

height, suggesting that taller trees are more likely to be slender while trees with greater thickness (larger DBH) 

are generally less slender. Similarly, the correlation coefficients between TSC and DBH were higher than those 

between TSC and all other tree characteristics, indicating that DBH is a better predictor of tree slenderness 

compared to the other variables. The TSC have a negative correlation with BA and DBH suggesting that the 

trees with larger basal areas tend to have lower slenderness coefficients. As the tree with low TSC are less prone 

to wind-throw or damage, the possibility of wind damage in the study area is likely to decrease with an increase 

in basal area. This results corresponds with the findings of (Wang et al. 1998, Ige 2017, Oladoye et al. 2020). 

Onilude & Adesoye (2007) suggested that one possible reason for this could be the inherent height-diameter 

relationship, which varies across different species and over time. However, this study was carried out in planted 

community forest thus, the results may vary in natural or other planted pinus forest stands. A combination of 

environmental, genetic, and physiological factors significantly influences the potential of a forest tree species 

for seed quality, survival, and long-term growth (Daniels & Veblen 2003). The positive correlation between 

TSC and tree height in the present study aligns with the study of (Onilude & Adesoye 2007). Such a positive 

relationship is an indication of high competition among the tree stands for sunlight and other limited resources 

within the plantations in the study area (Shamaki 2013). The present study introduces a new gateway to assess 

the wood density value and it also provides a reference for comparative analysis with other methods. Although, 

this study used a limited number of samples from small areas, future research can expand in the same orother 

geographical regions to identify most suitable method for wood density determination. Additionally, several 

other factors that influence the wood density such as state of ecosystems disturbances, topography and soil 

fertility, should be considered in future studies for the improvement of wood density estimation. Among the five 

regression models used to estimate the relationships between TSC values in the study area, the exponential 

model was considered the best model based on the least values of standard error of estimate (SEE) but highest 

values of R2 (R2=0.821, and SEE=0.561 for DBH). This suggests that as DBH increases, the slenderness 

coefficient changes at an exponential rate, rather than a linear one. The exponential model's superior fit implies 

that the relationship involves rapid increase or gradual decrease in slenderness with respect to changes in DBH. 

CONCLUSION 

In the present study, the mean wood density value of Pinus roxburghii was found 533.37 kg m⁻3, increased 

with increasing DBH and age, indicating older and larger trees have higher wood density. Majority of Pinus 

roxburghii trees within the study sites found with low slenderness coefficient (TSC<70). Only a small 

percentage of trees fall into the moderate slenderness category (70–90). The findings further highlight that tree 

size is a stronger factor for tree stability than tree height. Wood density shows a positive relationship with all 

tree growth variables except tree height and TSC. Similarly, TSC exhibited a significant positive correlation 

with tree height and a significant negative correlation (P <0.05) with DBH. Based on five regression models, the 

exponential model was observed as the best fit model for Pinus roxburghii with the highest R2, and least value 

of SEE. Although this study introduces new wood density values for Pinus roxburghii, a comprehensive study is 

needed to validate the results. In future, comparative research can be done with large sample sizes from different 

geographical regions. 
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