UDK 630* 114 (001)
https://doi.org/10.31298/s1.146.11-12.5

lzvorni znanstveni ¢lanci — Original scientific papers
Sumarski list, 11-12 (2022): 517-527

EFFECTS OF LOGGING RESIDUES AND SKID
ROADS ON LITTER DECOMPOSITION RATE
AND NUTRIENT RELEASE OF BLACK PINE
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SUMMARY

Needle litter decomposition rate and nutrient releases of pure stands of black pine and Scots pine under the three
different micro-ecologic sites (skidding road, the logging residues and mineral topsoil) and the control site (non-
harvesting site) were studied. The needle litters of Black pine and Scots pine were initially analysed for total car-
bon and nutrient concentrations (N, P, K, Ca, S, Mg, Mn, and Fe). The litter decomposition experiment using the
litterbags method was carried out in the field for 18 months. The Scots pine needle litters decayed faster than the
black pine litters. Both the Scots pine and Black pine needle litters showed higher mean mass losses under the
mineral topsoil and the logging residues than under the skid road and the control site.
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INTRODUCTION
uvoD

Forest management, particularly harvesting activities cre-
ates a serious threat to soil physical, biological, and chemi-
cal properties (Venanzi et al., 2016; Armolaitis et al., 2018).
Forest harvest generally degrades organic and mineral soil,
remove organic matter and decaying debris layers, increases
light intensity, temperature and soil water content at soil
surface and consequently, causes nutrient loss and alters

microbial community composition (Waldrop et al., 2003).
Therefore, decomposition rates differ in microecological
areas (Waldrop et al., 2003; Mott et al., 2021). Harvesting
activities in forestry involve felling, crosscutting, primary
transportation, and hauling phases and can cause high en-
vironmental disturbances (Janowiak and Webster, 2010;
Picchio et al., 2020). Evaluation of harvesting activities by
determining residual stand damage (sapwood and bark in-
jury) (Gulcietal.,2016) and forest soil disturbance in terms
of environmental aspects is very important.
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Figure 1 . Location of study area
Slika 1. Polozaj podrugja istrazivanja

Harvest residue biomass generate organic matter during
decomposition (Elosegi et al., 2007). Litter decomposition
is important for forest ecosystems in terms of providing
nutrients and forming soil organic matter (Oades 1988; Sol-
lins 1996). Impacts of forest stand and organic matter in
the area on litter decomposition in different wood raw ma-
terial production regimes were investigated by (Prescott
2005; Lado-Monserrat et al., 2016; Ferreira et al., 2018),
while the impacts of soil erosion and compaction that stem
from activities in a forest ecosystem in wood raw material
production on biological characteristics of soil were stud-
ied by (Startsev et al., 1997; Andrade et al., 2017; Tassinari
etal., 2019). Previous studies tried to identify the efficiency
of sustainable forestry activities and interventions to cover
the silvicultural requirements of forests following clear-cut-
ting (Bird and Chatarpaul, 1988). Despite previous studies
reported in the literature discussing litter decomposition

mechanisms in micro-ecological areas after harvest in re-
maining stand (Kranabetter and Chapman, 1999; Bird and
Chatarpaul, 1988; Jordon et al., 2003), few studies were de-
tected discussing the effects of wood raw material produc-
tion on litter decomposition (Enez etal., 2015, 2016; Cambi
etal., 2015).

The studies carried out in macro-scale areas have empha-
sized the importance of the climate factor (Sarginci et al.
2021), whereas the other studies have shown that the bio-
chemical structure of the decomposing material is the most
significant factor upon the decomposition under the small
scale areas (Sartyildiz 2002; Gao et al., 2019). Many studies
have stated three fundamental factors that affected litter
decomposition and nutrient release, which are; 1)- climate
characteristics of the atmosphere (especially temperature
and precipitation) where the decomposition of the litter
occurs, 2)- number, variety and, the activity of the micro-
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organisms and soil organisms and 3)- chemical compo-
nents of the decomposing litter (Sariyildiz et al., 2010).
Sariyildiz (2002) stated that various correlations between
the quality of the decomposed material and decomposition
rates have been comprehensively emphasized in more than
one thousand studies. Among the soil biological processes,
forest litter decomposition is known to be a fundamental
biological soil process, and it is also important to many eco-
system functions such as the formation of soil organic mat-
ter, the mineralization of organic nutrients, and the carbon
balance (Enez et al., 2019).

The storage of carbon in forest vegetation and forest soils
is responsible for approximately 60% of the carbon stored
on the land surface of the earth (Waring and Schlesinger
1985). The topic of the to which extent it has an impact on
the amount of CO, is a very popular and trend topic espe-
cially in the research carried out in Canada, Europe, and
America whereas little interest has been shown in Turkey.
Nevertheless, our forests are diverse inhabit different vari-
eties in different geographical fields and it is highly possible
to carry out these studies (Sartyildiz 2002; Sariyildiz et al.,
2005). The purpose of this study was to investigate the pos-
sible effects of harvesting activities on needle litter decom-
position and nutrient release of black pine (Pinus nigra Ar-
nold.) and scots pine (Pinus sylvestris L.) needles by
comparing decay rates and nutrient concentrations under
four different micro-ecologic areas: (1) non-harvesting ac-
tivity areas (control - C), (2) skidding road (SD), (3) under
logging residues (LR) and top-soil damaged in harvest, and
(4) scalped mineral soil (MT).

MATERIALS AND METHODS
MATERIJALI | METODE

Study site description and sample collection — Opis
podrucja istraZivanja i prikupljanje uzoraka

This study was conducted in pure Scots pine and black
pine-dominated stands in Kastamonu located in northwest
Turkey (41°33'43" N, -33°23'04" E) (Figure 1). Mean eleva-
tion of the study sites was 1463 m a.s.l. The aspect was north
(N) with a slope of 70%. The study site generally has a typ-
ical terrestrial climate with hot and dry summers, and cold
and snowy winters. Based on the long term meteorological
data (1960-2015) from Kastamonu meteorology station,
mean annual precipitation was 499 mm and temperature
was 9.8 °C. The bedrock type of the study area was schist
and belonged to Triassic-Lower Jurassic geological period
(Akbas et al., 2016). According to the Food and Agriculture
Organization’s forest soil classification system, the soil is
Lithic Leptosols (shallow hard rock with gravelly or highly
calcareous nature) (Toth et al., 2008).

D

To test the effect of harvesting activities on litter decompo-
sition in the black pine and Scots pine stands, three micro-
ecological sites were defined: logging residues (LR), skid
road (SD) and mineral topsoil (MT). In addition, a control
(C) site was also taken adjacent to these micro-ecological
sites. For each tree species and micro-ecological sites, two
subplots (20 m x 20 m = 400 m?) were identified, in total 8
subplots. The black pine and Scots pine litters were col-
lected from the forest floor at the end of the fall season after
the harvesting and brought to the laboratory in October/
November 2015. At each subplot, fresh needle litter was
collected (only the litter did not exhibit discoloration or
fungal colonization), air-dried in laboratory and oven-dried
at 40°C for 48 h, and stored in plastic bags at 6°C until lit-
ter decomposition experiment. Also, at each subplot, soil
samples were collected, sieved (with a 2 mm mesh) to re-
move stone, root, and macro-fauna, and bulked to one rep-
resentative soil sample for each site. The characteristics of
soil samples are given in Table 1.

Laboratory analysis of needle litter and soil —
Laboratorijska analiza iglicnog listinca i tla

?ahe litter samples were oven-dried at 85°C, ground in mill
to a mesh fraction less than 1 mm, and analysed for organic
C, total N, P, K, Ca, Mg, S, Mn, and Zn concentrations. A
CNH-S elementary analyzer (Eurovector EA 3000 V.3.0 sin-
gle, Milano-Italy) was used to determine organic C and N
concentrations in line with dry combustion method. Other
nutrient concentrations (P, K, Ca, Mg, S, Mn, Zn) were an-
alysed with an energy-dispersive X-ray Fluorescence Spec-
trometer (EDXRF Xepos II from Spectro -Analytical In-
struments GmbH Boschstrasse- Kleve, Germany). Soil
reference material (NIST srm 2709) that was certified was
used to evaluate accuracy in EDXRE

Soil pH (H,0) was measured in a 1:2.5 mixture of deion-
ized water using a glass calomel electrode (LaMotte pH 5
series meter) after equilibration for 1 h in solution (Jackson
1962). Bulk density was identified by weight loss following
drying, and soil texture (i.e. sand, silt, clay) was determined
using hydrometer method (Bouyoucos, 1962). Triplicate
analyses were performed for each analysis.

Needle litter decomposition experiment —
Eksperiment razgradnje iglicnog listinca

Five g of needle litter was put into the litter decomposition
bags with a mesh width of 1 mm and a size of 20 cm x20
cm. Sub-samples were taken to identify moisture contents
after drying at 85°C. The litterbags were placed back to the
area where needle litter was collected to determine the ef-
fects of the different micro-ecological sites dominated by
black pine and Scots pine stands. Four treatments (C, SD,
LR, MT) were evaluated on the basis of needle litter decom-
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position for 18 months. Total number of litter decomposi-
tion bags was 360 (2 tree species x 5 replicate litter samples
x 3 sampling times x 3 replicate sites x 4 different environ-
ments =360). The litter decomposition experiment was fol-
lowed for 18 months. Every 6 month, five litter bags were
collected from the field, and litter mass loss rates were cal-
culated after drying the samples at 85 °C.

The Wt=W e formula was used to calculate litter decom-
position constant (k) (Olson Decomposition Model; Olson,
1963). Wt=t is the remaining mass at t time and W/ is the
initial mass. The time for 50% mass loss was also calculated
with T, =1/k, and the time for 95% mass loss was calcu-
lated with Ty, =3/k formula (Olson, 1963).

At each sampling, the litter remaining, C, N, Ca, Mg, P K,
S, Fe, Zn, and Mn concentrations were given with percent-
ages of initial values (P;), according to the equation:

Cii xW,
P, =————x100
1 COjXWO

Here, C;is initial concentration of j* parameter, W, is ini-
tial litter weight, C; is concentration of j" parameter in i®
sampling, and W, is litter weight at i sampling (Baldantoni
etal., 2013).

Data Analysis — Analiza podataka

Mean and standard deviation values of the litter decompo-
sition rates were calculated for each micro-ecological site.
Two-way ANOVA (analysis of variance) was applied for the
effects of micro-ecological sites and time on the litter qual-
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ity parameters during the decomposition periods with SPSS
program (version 17.0 for Windows). Based on the results
of ANOVA, Tukey’s HDS (Honestly Significant Difference)
test (o = 0.05) was employed for comparing multiple litter
quality parameters at each litter sampling time in the mi-
cro-ecological sites.

RESULTS
REZULTATI

Soil characteristics — Karakteristike tla

Mean soil physical and chemical properties of the micro-
ecological sites of black and Scots pine are shown in Table
1. Soil physical and chemical properties among the two tree
species were significant (p<0.001). Soil characteristics could
be highly affected by forest harvesting operations. In gen-
eral, the control sites under the Scots pine had higher soil
bulk density and sand content, but lower pH and silt con-
tent than the black pine (Table 1). Differences in soil sand,
silt and clay contents were also significant between the mi-
cro-ecological sites for two tree species. While the contents
of sand, silt and clay in the skid roads in the black pine stand
differed compared to the other micro-ecological areas, the
contents of sand, silt and clay in mineral top soil and log-
ging resudial sites were similar (Table 1).

Mass losses of needle litters — Gubici mase iglicnih
listinaca

Figure 2a and 2b show the remaining mass of the black pine
and Scots pine needle litters in 4 micro-ecological areas

Table 1: Soil characteristics under Scots pine and black pine stands for per microecological sites
Tablica 1. Karakteristike tla ispod sastojine obi¢nog bora i crnog bora prema mikroekoloskim podrucjima

Bulk Density/ e
. , . o . o o
Tres Microecological Sites/ Prlrodr(1; 2:15_:)0ca tla R - Sand/Pijesak (%) Silt/Prah (%) Clay/Glina (%)
species Mikroekoloska lokacija
g : 4 Mean=+SE
Srednja vrijednost= Std. Pogreska
LR 1.10=0.06° 5.16+0.172 67.9+0.0° 14.3+0.0° 17.8+0.0°
SR 1.08+0.08° 4.87+0.23° 71.9+0.0° 3.8+0.0° 24.3+0.0°
Scots i MT 1.01=0.07° 5.17+0.092 58.7+0.0° 15.4=+0.0° 25.9+0.0°
sl c 1.14+0.07¢ 5.28+0.09° 62.7=0.0¢ 17.0£0.0¢ 20.3+0.0°
F values/F vrijednosti 0.592 1.306 2.43x10% 1.24x10% 2.11x10%
P/P 0.632 0.318 0.000 0.000 0.000
LR 0.87+0.42 7.63+0.02° 48.5+0.0° 37.0+0.0° 14.5+0.0°
SR 0,86+0.04° 7.70+0.04° 62.5+0.0° 13.3+0.0° 24.2+0.0°
. MT 1.01+0.11° 7.19+0.20° 51.8+0.0° 15.5+0.0° 32.7+0.0°
Black pine
© 0.87+0.03® 7.48+0.05% 59.6+0.0¢ 15.2+0.0¢ 25.2+0.0¢
F values/F vrijednosti 1.197 4.696 8.12x10% 1.90x10% 2.13x10%
P/P 0.352 0.022 0.000 0.000 0.000

Means with different alphabets in the column indicate a significant difference between the microecological areas P < 0.05.

SP—LR: Oblénl |:)Or-drvni ostacir BP—LH: Crni bor— drvni ostacir SP-SR: Oblénl bor—uaktnrski putr BP—SR: crni bor—lraktorski putr SP—MT: Oblém bor—mineralno tior BP»MT: Crni bor»minemlnu tlor SP-C: Oblénl bor—kuntmlal
BP..: Crni bor, . BP: Crni bor, SP: Obicni bor. Srednje vrijednosti s razli¢itim slovima u stupcu upuéuju na znacajnu razliku izmedu mikroekoloskih podrucja P < 0.05.
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Figure 2. Mean mass losses of the black pine (a) and Scots pine (b) litters under the three different microecological and the control sites
Slika 2. Srednja vrijednost gubitka mase listinca crnog bora (a) i obi¢nog bora (b) ispod tri razlicite mikroekoloske lokacije i kontrolne lokacije

within 18 months. The main effects of time and interaction
of time and micro-ecological areas on mass loss were signi-
ficant in ANOVA results (P<0.001) (Figure 2).

In general, at all sampling intervals, the Scots pine needle
litters decayed faster than the black pine needle litters. Both
the Scots pine and black pine needle litters showed higher
mean mass losses under the mineral topsoil and the logging
residues than under the skid road and the control site. Af-
ter 6 months, the Scots pine needle litters under the mine-
ral topsoil and the logging residual showed higher mean
mass remaining (43.4% and 52.4%, respectively). The black
pine needle litters under control and skid road showed
lower mean mass remaining (23% and 28%, respectively).
After 12 months, the black pine needle litter under control
and skid road areas still had the lowest mass losses (25%
and 34%, respectively), while the Scots pine needle litter
under the mineral topsoil and the logging residues had the
highest mass losses (51% and 56%, respectively). At the end
of the litter decomposition experiment in the field (after 18

months), the Scots pine needle litters under the logging re-
sidues had the highest mass loss (68%), followed by the mi-
neral topsoil (55%), while the black pine needle litters un-
der the control site had the lowest mass loss (33%).

Decay rates (k) and the time for 50% [T, (y)] and 95% mass
loss [Tss ()] for the needle litters of the three micro-ecolo-
gical and the control sites are shown in Table 2. The decay
rates of Scots pine needle litters were highest under the
logging residues (0.66) compared to the other sites. The cal-
culated times required for 50% litter mass loss were the
highest in BP-(4.69 y) and the lowest in SP-;; (1.62y). For
example, while this period was between 1.62-4.84 years for
the logging residual of Scots pine, it was 3.16-9.48 years in
the control area. For black pine, this period was 2.62-7.87
years in the mineral topsoil microecological field, it increa-
sed to 4.69 and 14.07 in the control area. Similar results were
found in the time needed for 95% mass losses. The results
showed that the Scots pine needle litters under the LR site
needed approximately 5 years to lose 95% of its initial mass

Table 2. Annual decay rate constants (k), coefficients of determination (r2 describing the fit of the decay model (P, 0.001), and mean percentage
of the needle, time (year) needed for 50% [T50 (y)] and 95% mass loss [T95 (y)] under different micro-ecological areas.

Tree Microecological and control sites
species  — Mikroekoloska i kontrolna lokacija
LR 0.66
. SR 0.38
Scots pine
MT 0.47
c 0.32
LR 0.37
Black pine SF 0.29
P MT 0.40
(5 0.22

Tso(y) Tgs (y)
0.963 P<0.001 1.62 4.84
0.860 P<0.001 2.85 8.54
0.924 P<0.001 2.40 71.21
0.988 P<0.001 3.16 9.48
0.888 P<0.001 2.84 8.51
0.892 P<0.001 3.75 11.26
0.969 P<0.001 2.62 7.87
0.963 P<0.001 4.69 14.07
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compared to the black pine needle litters, which needed
much time (~8.5 y). The calculated times required for 95%
litter mass loss were the highest in BP-. (14.07 y) and the
lowest in SP-; (4.84 y). In general, the decomposition rate of
the species was affected in LR, SR, and MT in three different
microecological areas. There was the highest decomposition
rate in the field of LR by Scots pine and MT by black pine.
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For the two tree species, initial C, Mg, P, K and S concen-
trations in the needle litter decreased with the decomposi-
tion time (Figure 3a, d, e, f and g respectively). Initial N
concentration increased for the two tree species at 6 months,
but at 12 months it decreased for the Scots pine, whereas it
increased for the black pine. At 18 months, it sharply de-
creased for the black, whereas it increased for the Scots pine
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Figure 3. Dynamics of C, N, Ca, Mg, P. K, S, Mn, and Zn, as a percent of the initial value, in P. sylvestris and P. nigra leaves from four different mi-
croecological sites, during the litter decomposition. Vertical bars represent the standard error of the means.

Slika 3. Dinamika C, N, Ca, Mg, P K, S, Mn i Zn kao postotak pocetne vrijednosti u listovima P. sylvestris i P. nigra s Getiri razlicite mikrobioloske lokacije
tijekom raspadanja listinca. Vertikalne trake predstavljaju standardnu pogresku srednje vrijednosti.
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Figure 3. Continued.

(Figure 3b), but, it had a sharp decrease at the 18 moths
(Figure 3b’). Initial Mn and Zn concentrations firstly
showed a decrease and then increased (Figure 3h and i).

DISCUSSION
RASPRAVA

In this study, it was determined that clay, silt, sand and pH
changed due to the harvesting activities in microecological
areas where as soil density did not. In other studies for dif-
ferent tree species, harvesting activities especially at skid
roads compared to control areas were effect has been re-
ported the physical properties of the soil (Jourgholami et
al., 2014; Picchio et al., 2019; Solgi et al., 2019 ).

Variation in mass losses and nutrients during litter
decomposition with micro-ecological areas —
Varijacija u gubitku mase i hranjivih tvari tijekom
raspadanja listinca s obzirom na mikroekoloska
podrucja

The decomposition rates in the microecological areas with
the highest decomposition in both species were approxi-
mately twice higher than in the control areas. In addition,
microecological areas were evaluated among themselves, it
is seen that there is always higher decomposition in Scots
pine than black pine as a parallel to the control group, in
logging residual, skid road, and mineral topsoil. Post har-
vesting alters litter decomposition processes (Kohout et al.
2018). At the same time these processes depend on remain
duration in the forest and the time of year (Torménen et
al., 2018; Mott et al., 2021). The differences in microeco-
logical areas were caused by the time required for the esti-

Time (month)- Vrijeme (mjeseci)

Time (month)- Vrijeme (mjeseci)

mated 50 and 95 percent mass reduction of these species to
differ. This situation also reveals that it gives similarity to
the studies conducted in the same region (Enez et al., 2015,
2016).

Previous studies show that nutrient concentrations change
in litter residue during decomposition period. A decrease
in litter C content (Figure 3a and Figure 32’) followed by a
decline at 12th months, as observed in all micro-ecological
areas, is similar to previous study reports (Dore et al., 2010,
Baldantoni et al., 2013; Savaci and Sariyildiz, 2020; Ga-
natsios et al., 2021). An increase in Scots pine litter N con-
centration (Figure 3b) was followed by a decline in time
whereas there was a rapid increase in black pine litter over
12 months and decreased sharply at the end of the 18th
month (Figure 3b") due to nitrogen immobilization by mi-
croorganisms (Melillo et al., 1982; McClaugherty et al.,
1985). Magill and Aber (1998) have assumed that the initial
stage of litter decomposition by microbes is limited by ni-
trogen availability and that increases in available nitrogen
will increase decay rates.

Forest disturbance, such as harvesting causing nutrient re-
lease (Phillips and Watmough, 2012; Crossman et al., 2016)
cause a decrease in the amount of Ca and P in a long time
(O’Brien et al., 2013; Watmough et al., 2003). In nutrients,
initial litter potassium and phosphorus (Figure 3e, Figure
3¢, Figure 3f, and Figure 3f’, respectively) were lost in de-
composing litter in first 18 months, which shows initial
leaching potassium loss because of solubility. The relative
elemental transition from dissociated litter generally indi-
cates that potassium is highly mobile and nitrogen is the
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Table 3. Decomposition studies in Turkey
Tablica 3. IstraZivanja raspadanja u Turskoj

Classifying
Trees - Species

- Vrsta

— Stopa

Razvrstavanje

stabala (k)
Pinus sylvestris L. 0.236
Pinus sylvestris L. 0.375
Pinus sylvestris L. 0.346
Pinus sylvestris L. 0.425
Pinus sylvestris L. 0.458
Conifers Pinus nigra Arnold. 0.304
— Crnogorice Pinus nigra Arnold 0.261
Pinus nigra subsp. pallasiana 0.017
Pinus nigra Arnold. 0.320
Picea orientalis (L.) Link 0.383
Abies nordmanniana subsp. equi-trojani 0.254
Abies nordmanniana subsp. equi-trojani 0.353
Castanea sativa Miller 0.496
Castanea sativa Miller 0.636
Castanea sativa Miller 0.398
Castanea sativa Miller 0.412
Fagus orientalis Lipsky 0.159
Deciduous Fagus orientalis Lipsky 0.817
— Listopadni Fagus orientalis Lipsky 0.248
Quercus petrea 0.375
Quercus petrea 0.426
Quercus petraea 0.680
Populus nigra L. 3.427
Juglans regia L. 2.239

least mobile (Savaci and Sariyildiz, 2020). Similarly, con-
ducted studies determined that an initial rapid decrease in
K concentration (Berg et al., 1987; Baldantoni et al., 2013;
Brais et al. 1995). Armolaitis et al. (2018) declared that the
mean concentrations of N, K, Ca and Mg were decreased
four years following clear-cutting activities. Also, Berg et
al. (1987) stated that decreased from the litter in Mg con-
centration (Figure 3d, Figure 3d’). In similar to phosphorus
concentrations in our study, Edmonds (1980) reported that
phosphorus was lost in the first 3-month period, and abso-
lute weights did not exceed initial weights in A. rubra and
A. nepalensis litter. In this study, we reported an increase in
absolute calcium and zinc concentrations in Scots pine and
black pine litters during the first year of decomposition
(Figure 3¢, Figure 3¢, Figure 31and Figure 31, respectively).
Initial Mn concentration also decreased over time but had
highest point at the 12-month under Scots pine and
18-month intervals under black pine (Figure 3g, Figure 3g’).
Davey et al. (2007) stated that Mn concentration was with
the degradation of lignin or humification products already
important in the early stage of decomposition. Also, the re-
lationship between the initial decomposition rate and Mn
may be due to the role of Mn as a cofactor in Mn-peroxi-
dase, an enzyme in the ligninase system (Davey et al., 2007).

Decay Rate

raspadanja

Sumarski list, 11-12, CXLVI (2022), 517-527

Experimental
Period (month)
— Eksperimentalni

References
— Reference

Region
— Regija

period (mjeseci)

Eskisehir Ly Cémez et al. 2017
Ankara 12 Saryildiz et al., 2008b
Artvin 12 Saryildiz et al., 2008b

Kastamonu 18 Enez, et al., 2015; 2016
Kastamonu 18 This study
Ankara 12 Saryildiz et al., 2008b
Artvin 12 Sariyildiz et al., 2008b
Cankir 5 Tung, 2019
Kastamonu 18 This study
Artvin 12 Sariyildiz et al., 2008a
Bartin 21 Kara et al., 2014
Kastamonu 18 Enez, et al., 2015; 2016
Ankara 12 Sariyildiz et al., 2008b
Artvin 12 Saryildiz et al., 2008b
Diizce 27 Sarginci, 2014
Kastamonu 18 Enez, et al., 2015; 2016
Bartin 21 Kara et al., 2014

istanbul 12 Cakir and Makineci, 2020
Diizce 27 Sarginci, 2014
Ankara 12 Saryildiz et al., 2008b
Artvin 12 Saryildiz et al., 2008b
istanbul 12 Cakir and Makineci, 2020

Amasya 6 Erdem 2016

Amasya 6 Erdem and, Karavin, 2016

The S concentration in Scots pine and black pine litters
were initially lowered at the 6-month but then slowly in-
creased at the 12-month and then decreased at the 18-month
(Figure 3h, Figure 3h’). This is similar to the value reported
for decomposing litter (Blair, 1988). We did not investigate
the differences in soil nutrient status of different microeco-
logical areas of the Scots pine and black pine species, but
the results show that these factors must be considered to
understand the difference in decomposition process among
the different microecological areas.

Variation in mass losses among tree species —
Varijacija u gubitku mase medu podvrstama drveca

Litter decay rates of various tree species in different habitat
conditions in Turkey are given in Table 3. In this study
carried out the Scots pine needles have a higher decompo-
sition rate than the black pine. Compared to other studies
with black pine and Scots pine needles in different growing
habitats, it is seen that the decomposition is higher in the
Kastamonu region. It is known that climate, soil organisms,
initial chemical content of litter, and soil properties are
effective on the decomposition of litter (Saryildiz et al.,
2008a). At the same time, stand types affect the rate of litter
decomposition (Comez et al., 2017).
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CONCLUSION
ZAKLJUCAK

Forest management activities are needed in forestry, and
humans might show minimum control over the conditions
under which these are performed. This study has shown
that litter decomposition rates are significantly influenced
by the site disturbance activities from the forest harvesting,
but the degree of variation in litter decomposition rates
shows differences with tree species. The results show that
there are significant variations in the litter mass loss, the
nutrient concentrations, soil physical and chemical proper-
ties among the two tree species, and different micro-ecolo-
gic areas due to the site disturbance activities from the fo-
rest harvesting. These results demonstrate that the litter
mass remaining of black pine and Scots pine varied at si-
gnificant levels among sampling time and micro-ecological
areas. These results make it mandatory to specify the ope-
ration plans and especially the skidding routes with its in-
spection for the harvesting activities.
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U istrazivanju se proucavao ucinak drvnih ostataka i traktorskih puteva na raspadanje igli¢nog list-
incai otpustanje hranjivih tvari istih sastojina crnog bora i obi¢nog bora na tri razli¢ite mikroekologke
lokacije (traktorski put, drvni ostaci i mineralni povrsinski sloj tla) i na kontrolnoj lokaciji (podrucje
neiskori$tavanja Sume). Prvo je analizirana ukupna koncentracija ugljika i hranjivih tvari (N, P, K, Ca,
S, Mg, Mn i Fe) u igli¢nim listincima crnog bora i obi¢nog bora. Eksperiment raspadanja listinca pro-
veden je pomocu metode vreca na otvorenom u periodu od 18 mjeseci. Igli¢ni listinci obi¢nog bora
raspali su se brze od listinca crnog bora. Obje vrste iglicnog listinca pokazali su vece prosjecne gubitke
mase ispod mineralnog povrsinskog sloja i drvnih ostataka nego ispod traktorskog puta i na kontrol-

noj lokaciji.

KLJUCNE RIJECI: kvaliteta listinca, mikroekolosko podrugje, raspadanje listinca, hranjive tvari, vrste

drveca



