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ABSTRACT

Background: Biomass increment, one of the main components of net primary production (NPP) in 
forest ecosystems, plays an important role as well as total biomass in the global carbon cycle. In this 
study, the changes of increments of the above-ground total, stem and branch biomasses depending 
on stand characteristics (i.e., stand age, stand density, and site index) were investigated, and these 
relations were modeled for Crimean pine (Pinus nigra J.F.Arnold subsp. pallasiana (Lamb.) Holmboe) 
stands in Taşköprü region of Türkiye. Data were obtained from 109 sample trees within 74 sample 
plots representing the wide range of possible stand characteristics. 

Results: The equations developed for above-ground total, stem and branch biomass increments 
have quite high coefficients of determination (R2=0.784, 0.684 and 0.780, respectively), whereas low 
root mean square errors (RMSE=0.749, 0.692 and 0.116, respectively). The results indicated that the 
biomass increment estimates from the allometric equations developed were decreasing with stand 
age and increasing with stand density and site index and also stand density is the strongest stand 
characteristic on biomass increment. 

Conclusion: The estimates are also consistent with the growth patterns, so the equations can be used 
for biomass increment estimations and also for carbon storage and NPP projections for Crimean pine 
stands of the region. 
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HIGHLIGHTS

Biomass increments were obtained through annual ring analyses on cross-sections taken from the 
sample trees. 
Increments of the above-ground total, stem and branch biomasses changed depending on stand 
characteristics.
Biomass increments were decreasing with stand age while increasing with stand density and site index.
For all stand density and site classes, as the stand age increased, the ratio of stem biomass 
increment to above-ground total biomass increment also increased, while the ratio of branch 
biomass increment decreased.
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INTRODUCTION

Above-ground biomass and also its increment are two 
main components of the carbon budget of a forest ecosystem 
(Shibata et al., 2005; Hiura, 2005), and are essential processes 
that reveal the carbon balance of terrestrial ecosystems (Do et 
al., 2018). Above-ground biomass increment is the production 
of forest biomass at certain time intervals. Annual increments 
in biomass of different forest ecosystems around the world 
are required to reliably estimate for net primary production, 
and therefore necessary to estimate carbon sequestration 
rates of forests (Clark et al., 2001; Djimo et al., 2011; Do et al., 
2018; Rawlik and Jagodziński, 2022). Estimating the biomass 
increment of trees and stands is also an important step to 
measure and understand forest productivity (Bouriaud et 
al., 2015). In addition, biomass increment provides valuable 
information in estimating the oxygen production of the stands 
(Durkaya et al. 2016). Therefore it is extremely important that 
the quantification of biomass increment in forests should be 
estimated for the sustainable management of forest resources, 
the reliable estimation of carbon content, and to assess the 
potential of forests to slow down climate change through 
carbon sequestration.

To estimate the biomass and biomass increment of 
forests, there are two common approaches among various 
methods. One of these methods, reliable information on tree 
growth, which is necessary to estimate the annual increment 
in biomass, can be obtained by repeated measurements 
of tree diameter (Lang and Knight, 1983; Lieberman et al., 
1985). Otherwise, tree ring analysis is another favour method 
to determine previous tree diameters instead of repeated 
measurements (Détienne, 1989; Worbes et al., 2003; Dye et 
al., 2016). Biomass increment can be determined by taking 
the differences of biomass values estimated with allometric 
equations used diameter values   obtained from repeated 
measurements or from tree ring analyzes (Malhi et al., 
1998; Dye et al., 2016; Teets et al., 2017). However, repeated 
measurements on an annual basis or certain time periods 
are time-, labor- and cost-intensive, and also error-prone 
(Teets et al., 2017). On the other hand, tree annual ring 
analysis method is not widely used to determine biomass 
increment (Dye et al., 2016), although it is a reliable method 
to estimate biomass increment (Bouriaud et al., 2005). 

The NPP of a stand, as well as the biomass increment 
as its main component, is a function of various stand 
characteristics, such as stand age, density, and site index as a 
sign of site productivity (Arp and Oja, 1997). Beside, individual 
tree biomass is affected by age, species and size of object 
tree and also by site conditions and management practices 
of the stand where the object tree is located (Liu, 2009). 
Therefore, stand age, density, and site index are included 
as independent variables in biomass increment models as 
individual tree or stand growth (Avery and Burkhart, 2002). 

Crimean pine is economically and ecologically 
valuable tree species for Turkish forestry with total forest 
area of about 4.2 million ha (General Directorate of 
Forestry, 2015). Natural distribution including both pure 
and mixed stands of the species is in southern Europe, 
the Balkans, and western Asia. It can survive for several 

centuries on arid, rocky and poor soils. Crimean pine (Pinus 
nigra J.F.Arnold subsp. pallasiana (Lamb.) Holmboe) is one 
of five subspecies of Pinus nigra, and grows naturally in 
western Black Sea, Anatolian and Mediterranean regions of 
Türkiye (Akman et al., 2003; Mamıkoğlu, 2007). The fact that 
Crimean pine stands are prominent in terms of distribution 
and economically and ecologically important encourages 
the determination of its biomass and biomass increment. 

According to the limited information obtained from 
the literature, stand characteristics have important effects 
on biomass increment. In this study carried out to test 
this hypothesis in Crimean pine stands; it was aimed (i) to 
investigate the relationships between above-ground biomass 
increments and stand characteristics, and (ii) to develop 
allometric equations that model the biomass increment 
(as above-ground total, stem, and branch level separately) 
depends on stand age, stand denstiy and site index.

MATERIAL AND METHODS

Study area

This study was conducted for pure and even-aged 
Crimean pine stands of Taşköprü region, northwest Türkiye 
(Figure 1). Study area is rich in pure and mixed conifer stands, 
especially of Crimean pine, which is the most widespread 
species in the study area. The total study area is 176.648 ha, 
and 64% of the region covers forested lands.

Elevation of the study area ranges from approximately 
800 to 1500 m above sea level with a slope range of 
0-40%. Kastamonu-Taşköprü region has an annual average 
temperature of 10.1 ˚C, and average annual precipitation of 
525.3 mm in 1991-2020 period (TSMS, 2022).

Field work

In order to represent the variability of stand 
conditions (i.e., stand age, site index, and stand density), 74 
temporary sample plots distributed available range of ages, 
sites and densities were measured. Sizes of sample plots were 
arranged considering stand crown closures to ensure that 
there are at least 30 trees in the sample plots, and circular 
sample plots were taken at 800 m2, 600 m2 or 400 m2 in size 
for stands with 11-40%, 41-70% and more than 70% of crown 
closure, respectively. In each sample plot, diameters at breast 
height (dbh) and breast hight bark thickness (b) of all trees 
larger than 8 cm (dbh ≥ 8 cm) were measured by caliper and 
bark-gauge, respectively. Trees measured within each sample 
plot were splitted into 4-cm diameter classes, then 2-3 trees 
from each diameter class were cored and heights of these 
trees were determined using Haglof Vertex III hypsometer. 
To assign stand ages (T), ages of 4-5 sample trees with dbh 
close to the mean diameter were determined adding annual 
ring numbers at the stump height (0.30 m) to average time 
to reach the stump height. Then, stand ages were calculated 
by averaging of sample trees’ ages for each sample plot. In 
the sample plots, the ages and heights of 4, 6 or 8 dominant 
trees considering sample plot size, to ensure 100 trees per 
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hectare approach, were measured to determine site indexes 
(SI) according to the of dynamic site index model developed 
by Seki and Sakici (2017) for Crimean pine stands in Taşköprü 
region. The stand density (SD,  / qSD G d , G: Basal area, 
dq: the quadratic mean diameter) was calculated using the 
relative density formula developed by Curtis et al. (1981).

In order to obtain data for biomass increment 
calculations, one or two sample trees with the closest dbh to 
the quadratic mean diameter (dq,   2 /q id d n , di: diameter 
at breast height of an individual tree, n: total number of 
tree) were felled at stump height in each sample plot. Total 
number of sample trees felled was 109. From each sample 
tree, a cross-section was taken at breast height. Ages of 
sample trees were also calculated. 

Above-ground biomass increment calculations

Biomass increment is the change in the amount 
of biomass between the two time periods and is the main 
component of NPP (Clark et al., 2001; Foster et al., 2014). 
There are various methods for estimating the biomass 
increment. The most reliable method is to use continuous 
data obtained from permanent inventory (Lang and Knight, 
1983; Lieberman et al., 1985). In this study, tree rings analysis 
method was used due to the lack of continuous data for 
biomass increment.

To perform tree rings analyzes, firstly, cross-sections 
taken from sample trees were sanded and polished using 
fine sandpaper to make them suitable for analysis. On each 
cross-section, over-bark diameters (dob) were measured 
with two perpendicular angles and averaged, and the bark 
thicknesses were also measured to calculate under-bark 
diameters (dub). Tree rings analyzes were utilized for 10-
year period. The dob and dub values mentioned above were 
considered as the end of the period measurements. For the 
beginning of the period, dubs were measured on cross-

sections and bark factor (BF) was used to convert dubs 
to dobs. The BF was calculated as 1.186 with the following 
relationship between dob and dub of sample trees for 
cutting year; BF = Σdob/ Σdub (Loetsch et al., 1973).

In the literature on biomass increment, it is generally 
assumed that the biomass increment is either estimated as 
woody biomass increment (Granier et al., 2000; Le Goff 
et al., 2004; Babst et al., 2014) or as above-ground total 
biomass increment (Foster et al., 2014; Teets et al., 2017). 
In this study, both woody biomass and above-ground total 
biomass increments were examined. For this purpose, over-
bark diameters for 10-year period obtained from the tree 
rings analysis were converted to total above-ground (Mag), 
stem wood (Ms), bark (Mb) and branch (Mbr) biomasses by 
using the single-entry equations developed by Sağlam 
(2016) for Crimean pine stands at different ages, densities 
and sites of the study area (Table 1). Stem biomass was 
obtained as the sum of stem wood and bark biomasses. 
Then, differences for total above-ground and componential 
biomasses for 10-year period were calculated and were 
divided by 10 (length of increment period) to determine 
annual average biomass increments for each sample tree.

Liu (2009) and Teets et al. (2017) stated that the 
growth and increment patterns, such as biomass and biomass 
increment, of a mean tree represent the stand level patterns, 
and individual tree level estimations could be expanded 
to stand level. So, biomass increment of stands could be 
estimated using increment of individual trees, which are mean 
trees with the closest dbh to dq for each sample plot. Based 
on this statement, annual biomass increments of sample 
plots were calculated by multiplying the annual biomass 
increments of sample trees by number of trees per plot, firstly. 
Then, sample plot level increments were expanded to hectare 
level with hectare expansion factor (k = 10000/sample plot 
size). Descriptives statistics of biomass increments and stand 
characteristics (such as stand age, site index and stand density) 
for 74 sample plots were given in Table 2. 

Figure 1: Geographical location of the study area.
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Since the increment data were obtained from 
cross-sections taken from the individaul trees sampled 
in temporary sample plots, the data about mortality for 
increment period could not be determined. Therefore, 
it was assumed that the stands remain stable regard of 
number of trees, and the effect of mortality on biomass 
increment was not considered. 

Data analysis

The relationships between annual biomass 
increments and stand age, site index and stand density were 
investigated using correlation analysis. To achieve the other 
purpose of the study, i.e. developing regression models 
to predict biomass increments using stand characteristics, 
multiple linear regression analysis based on stepwise 
variable selection method was conducted to fit biomass 
incement models. The dependent variables in these models 
were annual total above-ground biomass increment (BIag), 
annual stem biomass increment (BIs) and annual branch 
biomass increment (BIbr), and independent variables stand 
age (T), site index (SI) and stand density (SD). In addition to 
the original form of dependent and independent variables, 
their logarithmic, quadratic and multiplicative inverse 
transformations were also considered in stepwise selection 
process. Coefficient of determination (R2), bias and root 
mean square error (RMSE) were calculated to reveal the 
prediction success of biomass increment models developed 
(Equations 1, 2, and 3). Statistical analyzes were carried out 
using IBM SPSS Statistics 23 software. 

where , yi, and  are the estimated, observed, and mean 
values of the biomass increments, respectively; n is the 
number of data; p is the number of parameters.

Biomass increments-stand characteristics relationships 
were demonstrated using scatter plots in addition to the 
correlation analysis. Observed vs. predicted increment graphs 
and residual distributions were also created to see the success 
of the biomass increment models.

RESULTS AND DISCUSSION

According to the Kolmogorov-Smirnov test 
results, annual biomass increments (BIag, BIs and BIbr) as 
well as stand characteristics (T, SI and SD) were normally 
distributed (p>0.05). Hence, Pearson correlation analysis 
was applied to detect relationships between annual 
biomass increments and stand characteristics (Table 3), and 
the linear relationships between annual biomass increments 
and stand characteristics were illustrated in Figure 2.  

Among stand characteristics, stand density was 
positively high correlated with all annual biomass increment 
values, while site index showed relatively weaker positive 
correlations (p<0.05). The increase in the stand density and 
thus more trees in the stand lead a decrease in diameter 
increment in individual trees (Maguire et al. 1990; Kalıpsiz, 
1999). However, biomass increments per hectare on a dense 
stand can be higher than on an open stand because of 
the higher number of trees on dense stand. Thus, it can 
be stated that the positive relationship between stand 
density and biomass increments is due to larger biomass 
increments at dense stands. Avery and Burkhart (1983) 
also pointed out that the volume increment is greater at 
dense stands. On the other hand, positive correlations 
with site index were explained by the increase of the site 
index due to the improvement of the conditions of the 

Biomass Component Equation R2

Above-ground total biomass Mag = -2,544 d + 0,455 d2 0.979

Stem wood biomass Ms = -2,581 d + 0,332 d2 0.959

Bark biomass Mb = -0,039 d2 0.949

Branch biomass Mbr = -0,061 d2 0.889

Variables Min Max Mean Std. Dev.
Annual total above-ground biomass increment (Mg ha-1 yr-1) 0.83 7.78 3.066 1.621

Annual stem biomass increment (Mg ha-1 yr-1) 0.66 6.07 2.357 1.240
Annual branch biomass increment (Mg ha-1 yr-1) 0.13 1.22 0.469 0.249

Stand age 26 153 80.6 26.9
Site index 10.9 36.8 20.67 5.73

Stand density 2.5 12.9 6.12 2.41

Table 2: Descriptive statistics of biomass increments and stand characteristics.

Table 1: Allometric equations used for biomass estimations 
(Sağlam, 2016).

(1)
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site, and thus the larger diameter increment of the trees. 
Contrary the declared results, stand age had negative 
correlations with total above-ground and branch biomass 
increments (p<0.05) while non-significant correlation with 
stem biomass increment (p>0.05). The decreasing in stand 
biomass increment amounts depending on the stand age 
was a consequence of the lowering of the growth forces 
and the smaller diameter increments with aging of the trees 
that forming the stands in accordance with the general 
model of biomass change (Foster et al. 2014). 

According to the multiple linear regression analysis 
to obtain biomass increment estimates based on three 
independent variables (stand density, stand age and site 
index), logarithmic forms of the dependent variables (BIag, 
BIs and BIbr) had more successful fitting results than original 
forms. Baskerville (1972) and Sprugel (1983) suggested use 
of correction factor (CF) when the dependent variable of 

a regression model has logarithmic transformation. So, all 
biomass increment models developed in this study required 
correction factors. Using the equation CF = Exp(SE2/2), 
correction factors were calculated as 1.014667, 1.006258 and 
1.000336 for total above-ground, stem and branch biomass 
increments, respectively. As a result, following equations (Eq 4, 
5 and 6) were obtained to predict annual biomass increments 
(BIag, BIs and BIbr) using stand characteristics (T, SI and SD). All 
coefficients of the models were significant at 0.05 level.

When the success of biomass increment models 
are investigated, it is seen that the models for total 
above-ground and branch biomass increments have high 
coefficients of determination (R2) and low bias and root 
mean square error (RMSE) values. Stem biomass increment 
model has also acceptable goodness-of-fit statistics, 
although it is not as successful as total above-ground and 
branch biomass increment models.

Annual biomass increment
Stand age Site index (m) Stand density

r p r p r p
For total above-ground biomass (Mg ha-1 yr-1) -0.231* 0.048 0.493** <0.001 0.649** <0.001

For stem biomass (Mg ha-1 yr-1) -0.205ns 0.080 0.484** <0.001 0.624** <0.001
For branch biomass (Mg ha-1 yr-1) -0.274* 0.018 0.494** <0.001 0.653** <0.001

**Significant at the 0.001 level, *Significant at the 0.05 level, nsNon-significant.

Table 3: Correlation analysis between biomass increments and stand characteristics.

Figure 2: The relationships between biomass increments and stand characteristics.
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The observed annual biomass increments against 
the predictions obtained with regression models and 
residual distributions were given in Figure 3. As seen on the 
observed vs. predicted graphs, the differences between 
the observed and predicted increments have no significant 
tendency for all three graphs. When the residual graph 
of the total biomass increment model is examined, the 
model has smaller residuals for low and high predictions 
than the predictions ranged from 3 to 5 Mg ha-1 yr-1. For 
stem and branch biomass increment models, the residuals 

are higher for the predictions between 2-4 Mg ha-1 yr-1 and 
0.4-0.6 Mg ha-1 yr-1, respectively.

To detect the change of annual biomass increments 
regard to site index and stand density, both stand 
characteristics were grouped in three classes according to 
data obtained from field inventory. Site classes were 16, 24 
and 32 m, and stand density classes were 4.5, 7.5 and 10.5. 
According to the annual biomass increment prediction 
results of all SI and SD classes for stand ages ranged from 
30 to 150, stand density had greater effect than site index 
on annual biomass increments (Figure 4). 

The maximum increments were observed with the 
highest SD class (i.e. 10.5) especially for total above-ground 
and branch biomass, while the minimum increments 
with the lowest class (i.e. 4.5) for all biomass values. The 
effect of site index on annual biomass increments were 
observed just within SD classes. For each SD class, the 
highest increments occurred in SI=32 m, while the lowest 
increments in SI=16 m. When Figure 4 is also examined 
for stand age, it is seen that the biomass increments 
decreased when the stand age increased with reverse-J 

Figure 3: Observed vs. predicted annual biomass increments and residual distributions.
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shaped distribution. The maximum annual increments of 
all SI and SD classes were observed for minimum stand 
age (T=30), and they decreased rapidly till middle ages 
(nearly 60-70 years). After the middle ages, reductions in 
the biomass increments were quite slowly. The results of 
our study on the relationship between biomass increment 
and stand characteristics are compatible with the literature, 
since Ren et al. (2016) and Brandl et al. (2019) stated that 
biomass increments had been affected by stand density, 
site index and stand age. Similar to our results, they also 
pointed out that stand density had more effect than 
others. In addition, Maguire et al. (1990) stated that the 

biomass increments was positively affected by site index 
and stand density.

When the proportion of stem and branch biomass 
increments in above-ground total biomass increment were 
compared, the average rate of stem biomass increment in 
above-ground total biomass increment was approximately 
75.4% while of branch biomass increment was 14.9%. 
As seen on Table 4, for given stand age, when the stand 
density increased, the ratio of stem biomass increment 
decreased while branch biomass increment had no 
remarkable changes for all site classes. However, when the 
site index increased, the ratio of stem biomass increment 

Figure 4: Annual biomass increment predictions for SI and SD classes.
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also increased while branch biomass increment decreased 
for all stand density classes. On the other hand, for all stand 
density and site classes, as the stand age increased, the ratio 
of stem biomass increment to above-ground total biomass 
increment also increased (the average is 70.0% for T=30 
while 77.4% for T=150), while the ratio of branch biomass 
increment decreased (the average is 17.3% for T=30 while 
14.0% for T=150).

To estimate annual biomass increment, reliable 
data on tree and/or stand growth are required. These data 
can be obtained from permanent sample plots measured 
for sequenced periods. If the permanent plots are not 
available, tree rings analysis is an alternative method to 
acquire growth rates (Détienne, 1989; Worbes et al., 2003). 

In this study, the tree-ring analysis method was used due 
to the lack of sequenced growth data for study area. 
Djomo et al. (2011) and Babst et al. (2014) were also used 
this method and had successful results for a tropical forest 
in south-western Cameroon and for various forest types 
acroos Europe including five countries (Denmark, Finland, 
Germany, Belgium and Italy), respectively. Besides, Khan 
et al. (2009) compared repeated diameter measurements 
and tree ring analysis for biomass increment estimations 
and found that the results of both methods were quitly 
close to each other. Considering the disadvantages of the 
repeated inventory method in terms of time and cost, tree 
ring analysis method can also be used reliably in biomass 
increment estimates.

Stand age
SD=4.5 SD=7.5 SD=10.5

Mean
SI=16 SI=24 SI=32 SI=16 SI=24 SI=32 SI=16 SI=24 SI=32

30
Stem 75.0 76.7 77.9 71.8 73.4 74.6 59.0 60.3 61.3 70.0

Branch 18.0 17.4 16.3 18.0 17.4 16.3 18.1 17.5 16.4 17.3

40
Stem 77.4 79.2 80.4 74.1 75.8 77.0 60.9 62.3 63.3 72.2

Branch 16.8 16.3 15.3 16.9 16.3 15.3 16.9 16.4 15.3 16.2

50
Stem 78.9 80.7 82.0 75.5 77.2 78.4 62.1 63.5 64.5 73.6

Branch 16.2 15.6 14.7 16.2 15.7 14.7 16.3 15.7 14.8 15.5

60
Stem 79.9 81.7 83.0 76.5 78.2 79.4 62.9 64.3 65.3 74.6

Branch 15.8 15.2 14.3 15.8 15.3 14.3 15.9 15.3 14.4 15.1

70
Stem 80.6 82.4 83.8 77.1 78.9 80.1 63.4 64.9 65.9 75.2

Branch 15.5 15.0 14.0 15.5 15.0 14.1 15.6 15.1 14.1 14.9

80
Stem 81.2 83.0 84.3 77.7 79.4 80.7 63.9 65.3 66.3 75.8

Branch 15.3 14.8 13.8 15.3 14.8 13.9 15.3 14.8 13.9 14.7

90
Stem 81.6 83.4 84.8 78.1 79.8 81.1 64.2 65.6 66.7 76.2

Branch 15.1 14.6 13.7 15.1 14.6 13.7 15.2 14.7 13.8 14.5

100
Stem 81.9 83.8 85.1 78.4 80.2 81.5 64.5 65.9 67.0 76.5

Branch 15.0 14.5 13.6 15.0 14.5 13.6 15.1 14.6 13.6 14.4

110
Stem 82.2 84.1 85.4 78.7 80.5 81.7 64.7 66.1 67.2 76.7

Branch 14.9 14.4 13.5 14.9 14.4 13.5 14.9 14.5 13.5 14.3

120
Stem 82.5 84.3 85.7 78.9 80.7 82.0 64.9 66.3 67.4 77.0

Branch 14.8 14.3 13.4 14.8 14.3 13.4 14.9 14.4 13.5 14.2

130
Stem 82.7 84.5 85.9 79.1 80.9 82.2 65.0 66.5 67.6 77.1

Branch 14.7 14.2 13.3 14.7 14.3 13.4 14.8 14.3 13.4 14.1

140
Stem 82.8 84.7 86.1 79.3 81.1 82.3 65.2 66.6 67.7 77.3

Branch 14.6 14.1 13.3 14.7 14.2 13.3 14.7 14.2 13.3 14.1

150
Stem 83.0 84.9 86.2 79.4 81.2 82.5 65.3 66.7 67.8 77.4

Branch 14.6 14.1 13.2 14.6 14.1 13.3 14.7 14.2 13.3 14.0

Mean
Stem 80.7 82.6 83.9 77.3 79.0 80.3 63.5 65.0 66.0 75.4

Branch 15.5 15.0 14.0 15.5 15.0 14.1 15.6 15.0 14.1 14.9

Table 4: Percentages (%) of stem and branch biomass increments in above-ground total biomass increment.
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CONCLUSIONS

In this study, increment models of above-ground 
total biomass, stem biomass and branch biomass were 
developed for Crimean pine stands distributed in northern 
Türkiye. Successful results have been obtained regarding 
biomass increment estimations. The biomass increments 
vary depending on the characteristics of various stands, but 
these characteristics are not considered in most studies. 
In this study, it was observed that biomass increment 
decreased with increasing stand age, while increased with 
increasing site index and stand density. According to the 
results, stand density is the strongest stand characteristic 
on biomass increment, although site index and stand age 
have also important effects. Other stand characteristics (i.e. 
quadratic mean diameter) may have a significant effect on 
biomass increment. Considering the stand characteristics 
in further studies may allow more accurate and reliable 
predictions.

Although it is one of the main components of net 
primary production and plays an important role as well as 
total biomass in the global carbon cycle, the relationships 
between biomass increment and stand characteristics have 
not been adequately examined. Researches on biomass 
increment are very important as well as biomass and carbon 
sequestration studies for as many species and regions as 
possible.

AUTHORSHIP CONTRIBUTION

Project idea: FS, OES
Database: FS
Processing: FS
Analysis: FS, OES
Writing: FS, OES
Review: FS, OES

REFERENCES

AKMAN, Y.; KETENEOĞLU, O.; KURT, L.; GÜNEY, K. Açık Tohumlu Bitkiler 
(Gymnospermae). 1st ed. Ankara, Turkey: Palme Yayınevi, 2003. (In Turkish).

ARP, P. A.; OJA T. A. Forest soil vegetation atmosphere model (ForSVA), I: 
Concepts. Ecological Modelling, v. 95 , n. 2-3, p. 211-224, 1997.

AVERY, T. E.; BURKHART, H. E. Forest Measurement. 3th ed. New York: 
Mcgraw-Hill Book Company, 1983.

AVERY, T. E.; BURKHART, H. E. Forest Measurement.. 5th ed. New York: 
McGraw-Hill Book Company, 2002.

BABST, F.; BOURIAUD, O.; ALEXANDER, R.; TROUET, V.; FRANK, D. Toward 
consistent measurements of carbon accumulation: A multi-site assessment 
of biomass and basal area increment across Europe. Dendrochronologia, v. 
32, n. 2, p. 153–161, 2014.

BASKERVILLE, G. L. Use of logaritmic Regression in The Estimation of Plant 
Biomass. Canadian Journal of Forest Research, v. 2, n. 1, p. 49-53, 1972.

BOURIAUD, O.; BRÉDA, N.; DUPOUEY, J. L.; GRANIER, A. Is ring width a 
reliable proxy for stem-biomass increment? A case study in European 
beech. Canadian Journal of Forest Research, 35: 2920–2933, 2005.

BOURIAUD, O.; TEODOSIU, M.; KIRDYANOV, A. V.; WIRTH, C. Influence of 
wood density in tree-ring-based annual productivity assessments and its 
errors in Norway spruce. Biogeosciences, v. 12, n. 20, p. 6205–6217, 2015.

BRANDL, S.; FALK, W.; RÖTZER, T.; PRETZSCH, H. Assesing site productivity 
bades on national forest inventory data and its dependence on site 
conditions for spruce dominatedforest in Germany. Forest Systems, 
v.28,n.2, p. 1-12, 2019.

CLARK, D. A.; BROWN, S.; KICKLIGHTER, D. W.; CHAMBERS, J. Q.; 
THOMLINSON JR, N. I. Measuring net primary production in forests: 
concepts and field methods. Ecological Applications, v. 11, n. 2, p. 356–
370, 2001.

CURTIS, R. O.; CLENDENAN, G. W.; DEMARS, D. J. A new stand simulator 
for coast 341 Douglas-Fir: DFSIM Users Guide. U. S. Forest Service General 
Technical Report 342 PNW-1128, 1981.

DÉTIENNE, P. Appearance and periodicity of growth rings in tropical 
woods. IAWA Bulletin, v. 10, p. 123-132, 1989.

DJIMO, A. N.; KNOHL, A.; GRAVENHORST, G. Estimations of total ecosystem 
carbon pools distribution and carbon biomass current annual increment of 
a moist tropical forest. Forest Ecology and Management, v. 261, n. 8, p.   
1448–1459, 2011.

DO, T. V.; TRUNG, P. D.; YAMAMOTO, M.; KOZAN, O.; THANG, N. T.; 
THUYET, D. V.; THANG, H. V.; PHUONG, N. T. T.; KHUONG, N. V.; CAM, 
N. V. Aboveground biomass increment and stand dynamics in tropical 
evergreen broadleaved forest. Journal of Sustainable Forestry, v. 37, n. 8, 
p. 1-14, 2018.

DURKAYA, B.; BEKÇİ, B.; VAROL, T. Evaluation of Bartın Urban Forest in 
Terms of Carbon Storage, Oxygen Production and Recreation. Kastamonu 
University, Journal of Forestry Faculty, v. 16, n. 1, p. 111-119, 2016.

DYE, A.; PLOTKIN, A. B.; BISHOP, D.; PEDERSON, N.; POULTER, B.; HESSL, A. 
Comparing tree-ring and permanent plot estimates of aboveground net 
primary production in three eastern U.S. forests. Ecosphere, v. 7, n. 9, p. 
e01454.10.1002/ecs2.1454, 2016.

FOSTER, J. R.; D’AMATO, A. W.; BRADFORD, J. B. Looking for age-related 
growth decline in natural forests: unexpected biomass patterns from tree 
rings and simulated mortality. Oecologia, v. 175, p. 363–374, 2014.

GENERAL DIRECTORATE OF FORESTRY. Türkiye Orman Varlığı. Ankara, 
Turkey: Orman Genel Müdürlüğü Yayını, 2015. (In Turkish).

GRANIER, A.; CESCHIA, E.; DAMESIN, C.; DUFRÊNE, E.; EPRON, D.; GROSS, 
P.; LEBAUBE, S.; LE DANTEC, V.; LE GOFF, N.; LEMOINE, D.; LUCOT, E.; 
OTTORINI, J. M.; PONTAILLER, J. Y., SAUGIER, B. The carbon balance of a 
young Beech forest. Functional Ecology, v. 14, n. 3, p. 312-325, 2000.

HIURA, T. Estimation of aboveground biomass and net biomass increment 
in a cool temperate forest on a landscape scale. Ecological Research v. 20, 
p. 271–277, 2005.,

IBM. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM 
Corp. 2015.

KALIPSIZ,  A. Dendrometri. İstanbul, Turkey: İstanbul Üniversitesi Orman 
Fakültesi Yayınları, 1999. (In Turkish).

KHAN, M. N. I.; SUWA, R.; HAGIHARA, A. Biomass and aboveground 
net primary production in a subtropical mangrove stand of Kandelia 
obovata (S.,L.) Yong at Manko Wetland, Okinawa, Japan. Wetlands Ecology 
Management, v. 17, p. 585-599, 2009.

LANG, G. E., KNIGHT, D. H. Tree growth, mortality, recruitment, and canopy 
gap formation during a 10-year period in a tropical moist forest. Ecology, 
v. 64, n. 4, p. 1075-1080, 1983.

LE GOFF, N.; GRANIER, A.; OTTORINI, J. M.; PEIFFER, M. Biomass increment 
and carbon balance of ash (Fraxinus excelsior) trees in an experimental 
stand in northeastern France. Annals of Forest Science, v. 61, n. 6, p. 577-
588, 2004.

LIEBERMAN, D.; LIEBERMAN, M.; HARTSHORN, G.; PERALTA, R. Growth 
rates and age-size relationships of tropical wet forest trees in Costa Rica. 
Journal of Tropical Ecology, v. 1, n. 2, p. 97–109, 1985. 



Sağlam & Sakici

10 CERNE (2023) 29: e-103169

LIU, C. From a tree to a stand in Finnish boreal forests: biomass estimation 
and comparison of methods. Dissertation, University of Helsinki, 2009.

LOETSCH, F.; ZÖHRER, F.; HALLER, K. E. Forest Inventory. Volume II, 
München: BLV Verlagsgesellschaft, 1973.

MAGUIRE, D. A.; SCHREUDER, G. F.; SHAIKH, M. A biomass/yield model for 
high-density Acacia nilotica plantations in Sind, Pakistan. Forest Ecology 
and Management, v. 37, n. 4, p. 285-302, 1990.

MALHI, Y.; NOBRE, A. D.; GRACE, J.; KRUIJT, B.; PEREIRA, M. G. P.; CULF, A.; 
SCOTT, S. Carbon dioxide transfer over a central Amazonian rain forest. 
Journal of Geophysical Research, v. 103, n. D24, p. 31593-31612, 1998.

MAMIKOĞLU, N. G. Türkiye’nin Ağaçları ve Çalıları. İstanbul, Turkey: NTV 
Publications, 2007. (In Turkish).

ORHAN, İ. Kızılçam, karaçam ve sarıçam’ın ticari ve ticari olmayan 
bileşenlerinin biyokütle miktarlarının belirlenmesi. Yüksek Lisans Tezi, 
Bartın Üniversitesi Fen Bilimleri Enstitüsü, 2013. (In Turkish).

RAWLIK, M.; JAGODZIŃSKI, A. M. Herbaceous Layer Net Primary Production of 
Oak-Hornbeam Forest: Comparing Six Methods of Assessment Based on the 
Seasonal Dynamics of Biomass Increments. Ecosystems, v. 2, p. 337-349, 2022.

REN, Y.; CHEN, S. S.; WEI, X. H.; XI, W. M.; LUO, Y. J.; SONG, X. D.; ZUO, S. 
D., YANG, Y. S. Disentangling the factors that contribute to variation in 
forest biomass increments in the mid-subtropical forests of China. Journal 
of Forest Research, v. 27, n. 4, p. 919–930, 2016.

SAĞLAM, F. Taşköprü Orman İşletme Müdürlüğü karaçam (Pinus nigra J. F. 
Arnold) meşcereleri için topraküstü biyokütle tablolarının düzenlenmesi 
ve uyumlu biyokütle-hacim denklemlerinin geliştirilmesi. Yüksek Lisans 
Tezi, Kastamonu Üniversitesi Fen Bilimleri Enstitüsü, 2016. (In Turkish).

SEKI, M.; SAKICI O. E. Dominant height growth and dynamic site index 
models for Crimean pine in Kastamonu-Tasköprü region of Turkey. 
Canadian Journal of Forest Research, v. 47, n. 11, p. 1441-1449, 2017.

SHIBATA, H.; HIURA, T.; TANAKA, Y.; TAKAGI, K.; KOIKE, T. Carbon cycling 
and budget at a forested basin in Southwestern Hokkaido, Northern 
Japan. Ecological Research, v. 20, p. 325-331, 2005.

SPRUGEL, D. G. Correcting for bias in log-transformed allometric equations. 
Ecology, v. 64, n. 1, p. 209-210, 1983.

TEETS, A.; FRAVER, S.; HOLLINGER, D. Y.; WEISKITTEL, A. R.; SEYMOUR, R. S., 
RICHARDSON, A. D. Linking annual tree growth with eddy-flux measures 
of net ecosystem productivity across twenty years of observation in a 
mixed conifer forest. Agricultural and Forest Meteorology, v. 249, p. 479-
487, <http://dx.doi.org/10.1016/j.agrformet.2017.08.007>, 2018.

TSMS. Turkish State Meteorological Service. 2022. Available in: <https://
www.mgm.gov.tr/eng/forecast-cities.aspx>.

WORBES, M.; STASCHEL, R.; ROLOF, A.; JUNK, W. J. Tree ring analysis 
reveals age structure, dynamics and wood production of a natural forest 
stand in Cameroon. Forest Ecology and Management, v. 173, n. 1-3, p. 
105-123, 2003. 


