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SUMMARY

Forest litter (FL) carbon accumulation patterns can be predicted by certain tree and stand parameters to assess how variably managed 
forests may accumulate carbon. The aim of our study was to use tree stand data to refine methods to predict the composition of FL 
fragments in temperate, semi-humid black pine forests (Pinus nigra) in western Anatolia, Turkey. Predictive models were established 
between FL fractions (fine fragments of < 2, 2–4, and > 4 mm and coarse woody debris of branches < 5 cm, > 5 cm, cones and bark) 
and tree parameters (stand age, tree height, diameter at breast height, tree basal area, tree density, lowest tree crown height and tree 
crown thickness). We sampled 105 stands of ages < 50, 50-100, and > 100 years, that were distributed at 5 altitudinal steps (500 to 
1,750 m).  A multi-regression analysis was used to estimate FL fraction for different-age stands. Total FL dry biomass varied from 
18 to 213 Mg/ha (average: 94 Mg/ha). The fine fragment fraction (> 4 mm) represented the largest proportion of FL (36 %). Coarse 
woody debris amounted for 6.6-7.8 % of the FL and branches < 5 cm accounted for the highest proportion (12.4-26.4 %) of coarse 
woody debris. The most influential parameters predicting FL fragment proportions included dry branch thickness, thinning rate, height 
and age (R2: 0.11 to 0.67). The combination of long-term observation and fine and coarse litter trapping methods should improve the 
estimation rates of sequestered carbon in forest ecosystems. 
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RESUMEN

Los patrones de acumulación del mantillo posiblemente se pueden predecir por ciertos parámetros del árbol y rodal para evaluar cómo 
los bosques manejados por diferentes métodos acumulan carbono. El objetivo de este estudio fue usar datos de parcelas de árboles para 
refinar métodos que predicen la composición de los tamaños de fragmentos del mantillo en bosques templados semi-húmedos de pino 
negro (Pinus nigra) en el occidente de Anatolia, Turquía. Se establecieron modelos predictivos entre los componentes del mantillo 
(fragmentos finos de <2, 2–4 y >4 mm y detrito leñoso grueso de ramas de <5 cm, >5 cm, piña y corteza) y parámetros de los árboles 
(edad, altura, dap, área basal, densidad, altura del comienzo de copa y su diámetro). Se muestrearon 105 parcelas (edades <50, 50-
100, >100 años) distribuidas en cinco altitudes (500-1.750 m). Mediante análisis de multiregresión se estimaron las cantidades de los 
componentes del mantillo. El mantillo varió de 18 a 213 Mg/ha (promedio: 94 Mg/ha). Los fragmentos finos (>4 mm) representaron 
la mayor proporción (36 %). El detrito leñoso grueso representó 6,6-7,8 %; las ramas <5 cm fueron la mayor proporción de este 
componente (12,4-26,4 %). Las variables más influyentes para predecir las proporciones de los componentes del mantillo incluyeron 
el grosor de las ramas secas, tasa de raleo, altura y edad. La combinación de las observaciones de largo plazo y los métodos de captura 
del detrito fino y grueso deben mejorar las tasas de estimación del carbono secuestrado en los ecosistemas forestales. 

Palabras clave: pino negro, grosor las ramas secas, mantillo, edad.
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INTRODUCTION

Researches have attempted to estimate the carbon 
amount sequestered in forests either as live biomass or dead 
litter (Fahey et al. 2010). The high cost of data collection 
for models prompted scientists and policy makers to seek 
effortless methods such as less parameter requiring models. 
The variety of the ecosystem types and dynamics in carbon 
pools of diverse forests present a complex challenge. 

Changes occur in sequestered carbon of terrestrial 
ecosystems by forests, related to different management 
regimes. The forest litter is composed of fine forest litter 
and coarse woody debris which account for 0.28 Pg/year 
(Pg = 1015 g) of the terrestrial carbon sink in the northern 
hemisphere (Goodale et al. 2002). The carbon stored in fo-
rest litter has a key importance for global carbon cycling, 
hydrological processes, nutrient cycling (Carnol and Baz-
gir 2013) and greenhouse gas emissions. Based on the im-
portance of forest litter to the global carbon cycle, accurate 
estimation and monitoring the status of annual carbon se-
questration by forest litter is critical (Woodall et al. 2012).

The relationships between forest litter carbon distri-
bution and tree stand properties should be investigated to 
improve our understanding of the elemental and decom-
position cycles within forest litter layers (Oe-Oi) that are 
dependent on tree and stand structure. Ranius et al. (2003) 
modeled forest litter amount and distribution among size 
fractions, although estimation models mainly focused on 
decay processes and nutrients released from decomposed 
organic matter (Olajuyigbe et al. 2011). Efforts to quantify 
leaf and coarse woody debris input to the forest litter fo-
cuses on nutrient cycling in forest ecosystems (Saarsalmi 
et al. 2007). Since the forests are major sinks for terres-
trial carbon, the lag times of carbon release as a result of 
decomposition are often related to site and environmental 
conditions. As the forest litter carbon amount is a function 
of litter input (accumulation) and litter decomposition 
(subtraction), data on stand properties are needed to make 
predictions about forest litter quantities. Stand properties 
such as canopy structure (Penne et al. 2010), branch mor-
tality (Maguire 1994) and stand density (Hennessey et al. 
1992) are shown to be major factors regulating forest litter 
carbon distribution and accumulation models. According 
to a study by Hale et al. (1999), coarse woody debris accu-
mulation and distribution patterns vary according to stand 
age, species diversity and live tree characteristics. Maguire 
(1994) hypothesizes that differential crown recession and 
crown development among stands of variable density may 
provide an opportunity to control the input of fine woo-
dy litter into the forest ecosystem by manipulating stand 
density. 

Black pine (Pinus nigra Arnold.) is a southern Euro-
pean species that extends from Spain into the west to cen-
tral Turkey in the east (Lučić et al. 2000) and covers an 
area of 4.2 million hectares in Turkey (Anonymous 2006). 
It is most intensively distributed in the Alaçam Mountains 

in Kütahya – Balıkesir provinces. These forests have been 
managed since the 1950’s by the Turkish General Directo-
rate of Forestry following forest management plans. Du-
ring management activities, the stand structure is contro-
lled by cuttings and thinning operations. The post-harvest 
residuals of trees comprise the main source of forest litter. 
Ground skidding of logs causes removal and random ac-
cumulation and distribution of forest litter in stands. Thus, 
forest harvesting operations have impacts on the distribu-
tion of litter on forest litter by sweeping, piling and turning 
down while logging. 

Some research on ecological and yield properties at 
Alaçam mountains have been done (Sevim 1954), but the-
re is still a lack of knowledge on the relationship between 
forest litter distribution and stand properties. Within the 
current study, models have been calculated by incorpora-
ting selected tree and stand property parameters that were 
measured in the field and the relations between those para-
meters and dry litter biomass have been estimated. In this 
context, the objectives were to (i) determine the differen-
tiation of forest litter fractions through stand age classes, 
(ii) identify relationships between stands properties and 
forest litter patterns, and (iii) specify the most efficient pa-
rameters to predict forest litter carbon accumulation.  

METHODS

Study site. The study area is located in northwestern Tur-
key between 39°38’00” - 39°07’30” northern latitudes 
and 29°15’30” - 28°15’00” eastern longitudes. Sampling 
points were determined by using parent rock maps, stand 
maps and Shuttle Radar Topography Mission data layers 
in geographical information systems. Sampling points 
were distributed to five altitudinal grades from 500 to 
1,750 m with 250 m steps concluding the sampling alti-
tude intervals: 500-750 m, 751-1,000 m, 1,001-1,250 m, 
1,251 – 1,500 m, 1,501 – 1,750 m. The sampling plots 
were selected from five parent rock formations including 
tuff-agglomerate, granite, melange, dacite and Paleozoic 
metamorphic rock. Meteorological data was obtained by 
interpolating the data of the closest meteorological station. 
According to re-calculated climatic data, the annual mean 
precipitation is 548 and 927 mm and the annual mean tem-
perature is 12.1 and 6.7 °C for the elevations 500 m and 
1,750 m, respectively.
 
Sampling and measuring stand parameters. The ages of 
sampled stands ranged between 24 and 212 years of which 
the highest frequency between ages was 50-100. We com-
pared the stands according to ages < 50 (young stands), 
50-100 (mature stands) to > 100 (old stands) years which 
correspond to 20, 63 and 22 stands respectively. The sam-
ples were collected from 1,279 sampling points with 95 
young, 808 mature and 376 old stands. The age classifi-
cation has been made to collect results per stand growth 
stage that are consistent with the forest management stand 
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classifications. The ages of trees were determined by cou-
nting the year rings on the pencils cored from 5 to 15 trees 
per stand. Canopy closures were visually predicted bet-
ween the values 0.1 and 1.0. The sizes of the sampling 
plots were 100, 400, 900 and 2,500 m2 to provide a mi-
nimum of 50 trees per plot. Height, lowest height of dry 
branch and crown thickness were measured by Vertex 
III Laser instruments for each tree in the sampled stand  
(figure 1). Each tree diameter was measured by caliper 
from two dimensions. The basal area for each tree was cal-
culated as circle area, summed for each plot and multiplied 
with conversion factors 100, 25, 11.11 and 4 to convert 1 
hectare to the sampling plot sizes of 100, 400, 900 and 
2,500 m2, respectively. Stand densities were calculated 
according to Clutter (1983). Dominant tree height was 
assessed by determining the height value of the median 
tree among the tallest 100 trees in a stand from the stand-
height graph (Kalıpsız 1982). The productivity index or 
the productivity class was obtained from the black pine 
productivity index table (Kalıpsız 1982), and the volume 
of each tree was calculated and converted to value per ha. 
Mean values for each sampling plot and general properties 
of parameters assumed to be relevant variants on stand dy-
namics are listed in table 1. Variables used in the models 
for single trees are illustrated in figure 1. 

Forest litter sampling. Within the current study, we de-
fined the forest litter as the total detritus material laying 
above the mineral soil composed by leaves (L) (very re-
cently shed light brown leaves which have length or width  
> 4 mm), decomposing layer (F) (brown or dark brown, 
keeps the morphological traces of the original substance 

2-4 mm), humus (H) (humified and in a fine grainy form 
organic layer which lays between mineral soil and decom-
posing layer < 2 mm) classified herein as fine forest litter 
and coarse woody debris as bark pieces, branches (> 5 cm 
and < 5 cm) and cones. The additional branch, cone and 
bark parts found in fine forest litter samples were added 
back to coarse woody debris fractions. All samples were 
weighed after drying in oven at 65 oC for 24 hours. The 
thickness of this layer changed from 0 to 20 cm depending 
on the stand structure and forest litter micro-physiography. 
The sampling plot selection criterion include altitude, pa-
rent rock, exposure, stand age and productivity index. In 
total 105 plots were sampled. Sub-sampling of forest lit-
ter samples were made systematically to avoid subjecti-
vity (figure 2). Sub-sampling was made from 3, 5, 10 and  
36 replications of 1 m2 quadrates at 100, 400, 900 and 
2,500 m2 size sampling plots, respectively. Initially the 
coarse woody debris were collected in plastic bags from 
a 1 m2 quadrate to be classified into sub-fractions such as 
branches (> 5 cm and < 5 cm), bark and cones. Fine forest 
litter samples were collected using a ring (r = 11.25 cm) 
with three replicates from the same 1 m2 quadrates. 

Data analyses. The weight of forest litter fractions obtai-
ned from fine forest litter and coarse woody debris were 
converted into 1 ha area values.  A multi-regression analy-
sis was applied for estimation of forest litter fraction pat-
terns in SPSS 17v using the “step by step” method. The 
parameters with less than 0.05 significance were used for 
the model equations. The equations with the highest sig-
nificance and containing the fewest variables were chosen 
and evaluated for the model.

Figure 1.	Diagram illustrating the tree sections subjected to forest litter estimation models.
	 Diagrama de las secciones del árbol que se midieron para derivar los modelos de estimación del mantillo.
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Table 1.	 Descriptive statistics of stand and individual tree parameters (N = 105 sampling plot).
	 Estadísticas descriptivas de los parámetros de parcelas y árboles individuales (N= 105 parcela de muestreo).

Variables Minimum Maximum Mean Standard deviation

St
an

d 
fe

at
ur

es

Age 22.00 207.00 85.49 40.42
Canopy closure (%) 0.30 1.00 0.73 0.15
Stand volume (m3) 49.61 1449.53 440.16 222.88
Productivity index 8.06 34.27 21.94 5.21
Productivity class 1.00 5.00 3.02 1.12
Stand density degree 0.26 1.44 0.79 0.22
Stand diameter breast height area (m2) 12.91 78.52 45.31 12.83
Mean stand diameter breast height (cm) 7.74 58.83 27.85 10.73
Major stand height (m) 6.25 30.18 19.38 5.99
Mean stand height (m) 4.95 30.10 17.78 6.13
Thinning rate (%) 0.00 52.32 12.63 13.47

Si
ng

le
 tr

ee
 fe

at
ur

es Lowest dry branch height (m) 0.30 16.90 5.35 3.47
Crown height (m) 1.43 19.62 8.80 4.37
Height (tree height) (m) 3.97 27.39 15.19 5.74
Dry branch thickness (m) 0.76 7.77 3.45 1.61
Crown thickness (m) 2.19 11.05 6.40 1.83
Lowest dry branch height/Height* 0.05 0.65 0.31 0.12

* Lowest dry branch height/Height = (Lowest dry branch height/Height) * 100

Figure 2.	Forest litter sample collection points (F1-35) in A) 100, B) 400, C) 900 and D) 2,500 m2 plots of black pine.
	 Sitios de colección (F1-35) de muestras del mantillo en parcelas de A) 100, B) 400, C) 900 y D) 2.500 m2.
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RESULTS

Forest litter fraction distribution in age classes. The fo-
rest litter fractions as fine forest litter and coarse woody 
debris did not present significant difference among stand 
ages. The mean sum of total fine forest litter fractions was  
89 Mg/ha and coarse woody debris fractions were 6.5 Mg/
ha of total forest litter in all stand ages. The amount of  
< 2 mm and 2-4 mm fraction of forest litter were 2 to 5 Mg/
ha higher in young stands than in mature and old stands. 
On the other hand, we found 2 times higher bark and cone 
in coarse woody debris fractions at old and mature stands 
(figure 3). 

Relationship between stand age and forest litter fractions. 
Twenty, 63 and 22 plots were sampled from the stands for 
ages < 50, 50-100 and > 100, respectively. Total forest lit-
ter amounts varied from 18 to 213 Mg/ha with average 
quantities of 98, 96 and 91 Mg/ha at young, mature and old 
stands, respectively. 

The most prominently relevant variants used in the mo-
dels were productivity index and dry branch thickness for 
young stands (R2 = 0.43).  For mature stands, the most 
suitable variables for equations were dry branch thickness, 
lowest dry branch height/height, dry branch thickness/
height, stand volume, crown height, productivity index and 
major stand height (R

2 ranged between 0.15 and 0.39). For 
old stands, the suitable variables used for equations were 

Figure 3.	Comparison of amounts of forest litter fractions according to stand age: (A) Distribution of forest litter fractions (Mg/ha) per 
stand growth stage, (B) Comparison of total fine forest litter and coarse woody debris (%).
	 Comparación de las cantidades de los componentes del mantillo según la edad de los árboles: (A) distribución de las fracciones del mantillo 
del bosque (FL) (Mg/ha) según estado de crecimiento del rodal. (B) La comparación total de suelo fino del bosque y el porcentaje (%) del grosor de los 
desechos de madera.

 

mean diameter, age, dry branch thickness and productivity 
index (R2 ranged between 0.30 and 0.67) (table 2). 

Considering the total forest litter dry biomass, the most 
prominent variants for young stands is thinning rate (po-
sitive correlation); for mature stands are dry branch thic-
kness (positive correlation), lowest dry branch height/
height (positive correlation) and major stand height (ne-
gative correlation); and for old stands are mean diameter 
(positive correlation) and age (negative correlation). 

DISCUSSION

The wide range of forest litter amounts in sampled 
plots is a function of heterogeneous crown structure (Pen-
ne et al. 2010). In the study conducted by Maguire (1994), 
annual branch mortality ranged from 33 to 430 g/m2 crown 
projection area for individual trees, and from 236 to 1,035 
kg/ha for individual plots (Maguire 1994).  In the current 
study, the amounts of total forest litter ranged between 18 
and 213 Mg/ha and averages are 98, 96 and 91 Mg/ha for 
young, mature and old stands, respectively, with insignifi-
cant differences (ANOVA P > 0.05) (figure 3B). Woodall 
et al. (2012) stated that forest litter exhibited a high varian-
ce in terms of spatial distribution and landform. The diffe-
rences between the lowest and highest amounts of floor 
litter might be caused by (i), uneven spatial distribution of 
trees in a stand, (ii) the competition among trees for light 
and acute dead stem incorporation to the forest litter (iii) 
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Table 2.	 Model parameters for estimation of forest litter fractions according to age classes#.
	 Parámetros del modelo para estimar los componentes del mantillo según la edad del rodal.

Estimated forest 
litter components Age class Equation R2 Std. error Df (Total)* F P

< 2 mm

Young 23962.5 + (788.9 × TR) 0.20 21,507 19 4.463 0.049

Mature 14849.1 + (5653.1 × DBT) - (23.5 × SV) 0.22 13,328 62 8.355 0.001

Old (1520.1 × MD) - (274.9 × Age) - 34291.0 0.58 14,174 21 13.344 0.001

2-4 mm

Young 23311.7 + (641.5 × TR) 0.28 14,088 19 6.876 0.017

Mature (1297.15 × DBT/H) + (337.49 × LDBH/H) 
- 15877.2 0.31 9,597 62 13.728 0.001

Old (6389.0 × DBT) + (1231.6 × MD) - 44347.0 0.67 10,822 21 19.343 0.001

> 4 mm
Mature 34021.5 + (7825.0 × DBT) - (3812.4 × CT) 0.32 13,888 62 14.060 0.001

Old (5934.9 × DBT) + (967.8 × MD) - 23057.0 0.43 15,302 21 7.195 0.005

Total fine forest litter

Young 80093.1 + (1978.1 × TR) 0.26 45,494 19 6.271 0.022

Mature 81067.2 + (18207.6 × DBT) - (2730.1 × PI) 0.33 31,896 62 14.936 0.001

Old 19721.7 + (4606.2 × MD) - (777.0 × Age) 0.64 34,409 21 16.758 0.001

< 5 cm Mature 1504.6 + (52.80 × LDBH/ H) 0.29 1,872 62 5.604 0.021

Total branches Mature 1415.6 + (78.89 × LDBH/ H) 0.30 2,689 62 6.064 0.017

Bark Young (59.5 × PI) - (388.8× DBT) - 105.8 0.43 363 19 6.324 0.009

Cone

Young (69.9× PI) - 522.7 0.27 667 19 6.476 0.020

Mature 609.1 + (343.5× DBT) 0.15 1,263 62 10.898 0.002

Old (238.1× PI) - 2366.2 0.30 1,431 21 8.476 0.009

Total forest litter

Young 85792.2 + (2003.1 × TR) 0.26 45,663 19 6.382 0.021

Mature 60685.8 + (21003.2 × DBT) + (1144.58 × 
LDBH/ H) - (4156.4 × MSH) 0.39 31,681 62 12.516 0.001

Old 28299.4 + (4727.8 × MD) - (823.7 × Age) 0.62 36,943 21 15.731 0.001
#The parameters for which no equation could be established were removed.
*: Abbreviations in the table: Df: Degree of freedom; F: F value; P: significance of probability; TR: Thinning rate; DBT: Dry branch thickness; SV: 
Stand volume; MD: Mean diameter, DBT/H: Dry branch thickness/Height; LDBH/H: Lowest dry branch height/Height; CT: Crown thickness; PI: 
Productivity index, MSH: Major Stand Height.

indirect effects of management practices such forest ope-
rations, log skidding. 

The selected stand and individual tree parameters in 
this study such as canopy closure (Penne et al. 2010), 
stand density (Hennessey et al. 1992), tree height (Saar-
salmi et al. 2007), diameter at breast height (Starr et al. 
2005), crown height and crown thickness (Mäkinen et al. 
2003) and dry branch thickness (Maguire 1994) were exa-
mined to ascertain their impact on forest litter fractions 
and distribution. According to the age classification, fine 
forest litter fraction appears to be a positive function of 
the thinning rate in younger stands; dry branch thickness 
and height in mature stands, and mean diameter and dry 
branch thickness in old stands. Similar variables such as 
thinning rate, dry branch thickness and mean diameter also 
existed in the equations established for total fine forest lit-
ter. Mäkinen et al. (2003) stated that the lowest dry branch 

height was lower at planted stands compared to naturally 
recruited Scots pine stands. This result is attributed to vi-
gor competition at younger stages of stand development 
and different stand densities. The thinning rate factor used 
in models reflected similar conditions with the study of 
Mäkinen et al. (2003). 

Coarse woody debris amounted from 6.6 to 7.8 % of 
total forest litter samples and branches < 5 cm contributed 
with the largest portion of coarse woody debris (from 12.4 
to 26.4 %) to total forest litter. According to results of 
our study, lowest dry branch height/height was the most 
remarkable variable on snag content of coarse woody 
debris. Higher lowest dry branch height means addition 
of more snag and branch content as coarse woody debris 
to the forest litter. Natural pruning with insufficient light 
penetration into the stands should be the most obvious 
reason for this observation (Montgomery and Chazdon 
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2001). Coarse woody debris accumulation and distribu-
tion patterns often vary with live tree characteristics (Hale 
et al. 1999). In a boreal Picea abies (L.) Karst. forest stu-
dy, mean stand height is the most important factor affec-
ting total litter fall production (Saarsalmi et al. 2007). In 
the conceptual model (equation 1), branch basal diameter 
outside bark and depth into crown are the independent va-
riants (Maguire 1994): 

			   [1]

Where: WB refers to branch litter biomass; DOB refers to 
basal diameter outside bark (cm) and DINC refers to depth 
into crown (m), b1, b2 and b3 are calculated constants for 
the created model. 

Matala et al. (2008) determines that stand-level litter-
fall was closely correlated with basal area and stand volu-
me regardless of tree species. According to a study by Starr 
et al. (2005), total litterfall and needle litterfall are strongly 
related to stand basal area, and needle litterfall has a weak 
negative but significant correlation with stand age. 

Some studies supported our results of observing hig-
her amounts of coarse woody debris in old forests than in 
young stage of forests (Carmona et al. 2002).  According 
to Olejiyugbe et al. (2011), aboveground coarse woody 
debris varies between 7 and 19 Mg/ha in a 35 years old 
intermediate forest. For the growth periods investigated, 
larger trees and trees growing in denser plots tend to pro-
duce greater necromass through branch mortality (Ma-
guire, 1994). Contrastingly, the ratio of fallen branches to 
whole biomass varies from 0.5 to 6 % with higher values 
at the lowest diameter breast height in scots pine forests 
(Finland) (Lehtonen et al. (2004). 

The regression coefficients of the equations (R2 values 
of equations) to estimate forest litter fractions and amou-
nts ranged between 0.15 and 0.67. Positive correlation of 
thinning rate with the forest litter dry biomass is the only 
variant revealing a relation with total forest litter in young 
forests (R2 = 0.26). As harvesting residuals are left in the 
stands, increased thinning rate causes more forest litter ac-
cumulation. Similarly, it is known that there is a decrease 
of total forest litter during the early stage of stands after 
clear cutting due to lower leaf and woody litterfall (Co-
vington 1981). The positive contribution of thinning rate 
effect on tiny parts of forest litter is extremely meaningful 
since elevated level of thinning permits sun light to pene-
trate into the stand and decomposition of leaf litter by con-
comitant increases at dry biomass in decomposition and 
humus layers. The attempts to establish equations to esti-
mate coarse woody debris failed because of insignificant 
P values (> 0.05) for regression value of R2. Lindenmayer 
et al. (1999) also recorded no significant results related to 
estimating log volumes between stands of different ages. 
Besides, the lowest dry branch height/height parameter co-
rrelates with the branches > 5 cm and total branch amounts 

WB = b1DOBb2DINCb3 

in mature stands. Higher lowest dry branch height/height 
parameter means more branch secession which in turn 
causes addition of more branches to forest litter. The use 
of the lowest dry branch height parameter itself may not be 
proper because it is a dependent value of total tree-height; 
thus, lowest dry branch height/height parameter has pro-
vided a practical way to make an estimation for branch 
portion to the forest litter. 

According to our results, productivity index for a given 
site has provided an estimate for cone amount distribution 
in forest litter in young and old stands, while cone dry bio-
mass in forest litter was a function of dry branch thickness 
in mature stands. A study by Calama et al. (2008) stated 
that higher productivity index (PI), lower stand density 
and higher tree diameter cause higher cone production. 
Our findings are in consistence with the results obtained 
by their research. 

CONCLUSIONS

Our results revealed that thinning intensity influences 
the accumulation of organic matter and rates of nutrient 
cycling. Forest litter differentiation should be regarded 
as it relates to stand thinning practices. The most promi-
nent parameters in our regression models were dry branch 
thickness, thinning rate, height and age with positive R2 
values ranging between 0.11 and 0.67. Although the mea-
surement of the dry branch thickness parameter is not as 
easy as thinning rate, height or average age of the stand, 
it provides quick access to the forest litter amounts for 
temperate black pine forests. Since the distribution range 
of forest litter shows a wide range as seen in the study 
region, those parameters might be perceived as practical. 
The generated models could have explained up to only two 
third of the total forest litter dry biomass. Failure of esta-
blishing some equations could be caused from the uneven 
distribution of forest litter in the sampled stands because 
of heterogeneous thinning. The unexplained parts of the 
equations are assumed to be the interferences of factors 
such as climate and micro/macro topography. Hereby, we 
can conclude that the amount of forest litter fractions can 
be estimated between 11 and 67 % by measuring the rele-
vant stand parameters such as dry branch thickness, thin-
ning rate, height and age of the forest stand.  
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