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Abstract

Natural plants are highly resistant to adverse weather conditions, drought, and lack of water due
to their characteristics. They have a high rate of adaptability to different conditions. Acting on
the notion of climate change and limited water resources, issues such as using some of the
Mediterranean plants and cultivating them as landscape plants so that they could be used for
different purposes should be given more importance. The first studies on plants that are subject
to trade as landscape plants include; defining the characteristics of the plant and collecting data
regarding its vegetative development and production activities. The purpose of this study;
determine the effects of different sowing times and treatments on the seed germination and
emergence of one of the natural species of the Mediterranean flora, the Chamaecytisus hirsutus,
for them to be practically seed propagated under producer conditions. To determine the effects of
sowing times on germination, sowing has been conducted in October, November, February, and
March. To increase germination rates, 14 different treatments have been implemented:
immersion in water, stratification, scarification of the seed coat through hot water and sulphuric
acid, cold (40C) storage, two different doses of the GA3 treatment as well as a combination of
these methods. From the treatments applied, the best results were obtained from; 10 section soak
in boiling water, 10 section soak in boiling water + 24 hours soak in 250 ppm GAS3 solution, and
10 section soak in boiling water + 24 hours soak in 500 ppm GAS3 solution in November.

Keywords: Chamaecytisus hirsutus, cultivation, emergence, germination, ornamental plants.

Ozet

Dogal bitkiler sahip olduklar &zellikler nedeniyle kotii kosulara kurakliga ve susuzluga yiiksek
derecede toleransl bitkilerdir. Farkli ortamlara adaptasyon kabiliyetleri yiiksektir. Kiiresel iklim
degisiklikleri ve kit su kaynaklarinin tasarruflu kullanimi diisiincesinden hareketle kuraga
dayanikli Akdeniz bitkilerinden bazilarinin farkli amagl kullanimlar i¢in, yeni siis bitkisi olarak
kiiltiire alinmasi ve kullanim1 6ncelik verilmesi gereken konulardandir. Siis bitkisi olarak ticarete
konu olacak bitkilerde ilk ¢aligmalar; bitkinin 6zelliklerinin tanimlanmasi, vejetatif gelisimiyle
ilgili verilerin toplanmasi ve iiretim ¢aligmalaridir. Bu ¢alisma ile; Akdeniz bitki 6rtiisiiniin dogal
tiirlerinden Chamaecytisus hirsutus tiiriiniin tretici kosullarinda tohumla pratik ¢ogaltimi igin,
farkli tohum ekim zamanlarinin ve uygulamalarin tohum g¢imlenmesi ve ¢ikisma etkilerinin
saptanmasi amaglanmistir. Ekim zamaninin ¢imlenmeye etkilerini belirlemek amaciyla ekim,
kasim, subat ve mart aylarinda ekimler yapilmistir. Cimlenme oranlarini artirmak igin; suda
bekletme, katlama, sicak su ve siilfirik asitle kabuk agindirma, sogukta bekletme, iki farkli dozda
GA3 uygulamast ile bu uygulamalarin kombinasyonlarindan olusan 14 farkli uygulama
yapilmistir. Yapilan uygulamalardan; kasim ayinda, 10 sn kaynar suya daldirma, 10 sn kaynar
suya daldirma + 250 ppm GA3’te 24 saat bekletme ve 10 sn kaynar suya daldirma + 500 ppm
GA3’te 24 saat bekletme uygulamalarindan en iyi sonuglar alinmustir.

Anahtar kelimeler: Chamaecytisus hirsutus, kiiltiire alma, ¢ikis, cimlenme Siis bitkileri
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1. Introduction

In recent years, the demands for special qualified plant
materials have increased in stabilization studies in
environments where plants are challenging to live.

During planting process there are many advantages using
plant materials that have adapted to ecologic conditions in
the environment. Not only making the work conducted
aesthetic and effective in terms of functionality but it also
enables the area to integrate with its close surroundings to
contribute towards a healthy and sustainable ecosystem
(Yazgan et al., 2005; Zencirkiran, 2005).

Within the cultivation of foliage plants, except for the
development of varieties, requirements to identify new
species that have not yet been produced, and promoting has
gained more importance across the world and for sub-
tropical climates such as Turkey. Especially in the
development of outdoor plants, taking advantage of flora
with the same characteristics should be obligatory (Kdse,
1998; Kostak, 1998).

Natural plants have systems that adapt perfectly to the
circumstances. They need a long term to evolve according to
the biotic and abiotic conditions belongs to the region. Due
to this characteristic, natural plants are significant and
economic alternatives in landscaping as well as protection
and stabilization projects. When used in landscaping work,
they create a healthier ecosystem because of their
conformity to the natural environment and the surrounding
flora.In addition, they enable a more economical planting
due to they use less water, have low facility and
maintenance costs, and are more durable (Saribas, 1998;
Baris, 2002).

Temperature increase, one of the main effects of global
warming, is an inevitable reality of today, and whose effects
we are starting to experience rapidly will increase the
demand for plants of the Mediterranean flora resistant to
drought. Due to this reason, the use, production, and
cultivation of Mediterranean plantscome into prominence
(Anonymous, 2003).

In accordance with the principles of enabling use of
sustainable natural species and transforming value-added
natural resources, this study aims to determine the seed
propagation method, which is the practical propagation
method under producer conditions, on the Chamaecytisus
hirsutus (L.) Link species that are naturally found in the
flora of Turkey. For this purpose, the effects of planting at
different times and pretreatments on seed germination and
emergencies were determined.

2. Materials and Method

2.1. Materials

The materials of this study were composed of; the
Chamaecytisus hirsutus (L.) Link species are a part of the
Leguminosae (Fabaceae) family and are found naturally in
100-2000 m altitudes of the Mediterranean climate zone. It
is a 20-100 cm high plant, looks like a bit of scattered bush

that is slowly developing vertically and has yellow flowers
(Davis, 1984; Kaynak, 1997). The seeds used in the trials
have been collected from the natural population in the
provinces of Bursa and Yalova.

2.2. Method

The seeds collected in July were left in climate conditions
that were not under control. October and November in
autumn and February and March in spring were chosen for
sowing times. To increase the emergence rates of the seeds
used in these four different times, the below-mentioned 14
treatments were implemented.

1) Scarification for 30 minutes with H,SO,

2) Scarification for 45 minutes with H2SO4

3) Scarification for 60 minutes with H,SO4

4) Scarification for 45 minutes with H,SO4 + 24 hours
soak in 250 ppm GA; solution

5) Scarification for 30 minutes with H,SO4 + 24 hours
soak in 500 ppm GA; solution

6) 8-week stratification (4 °C) in moist perlite

7) 8-week cold (4 °C) storage

8) 10 section soak in boiling water

9) 10 section soak in boiling water + 24 hours soak in 250
ppm GA;s solution

10) 10 section soak in boiling water + 24 hours soak in 500
ppm GA;3 solution

11) 24 hours soak in 250 ppm GAj solution

12) 24 hours soak in 500 ppm GA; solution

13) 24 hours soak in warm (at room temperature) water

14) Control (Leaving it in seed storage)

The seeds were placed in paper packages and then in +4 °C
cold storage. The cold wet stratification was done by using
moist perlites in plastic boxes and leaving them for 8-weeks
in 4 °C storage. The treatment of soaking in water for 24
hours was applied by immersing seeds in room-temperature
water. The process of soaking it in boiling water was
implemented by placing the seeds in cloth bags and soaking
them in 100 °C boiling water for 10 seconds and taking them
back out. During the sulphuric acid treatments, 95%
concentrated sulfuric acid was used. At the end of the
process, the seeds were left to rest in a solution for 30
minutes, prepared by adding 50 grams of sodium
bicarbonate to 1 liter of water (Hartman et al., 1990; Eser et
al., 2005).

After the treatments, the seeds were sowed to viols filled
with perlites + peats (1+3). The trials were conducted under
greenhouse conditions with a greenhouse canopy drawn over
it without climate control. The trials were ended at the end
of May, and seeds that germinated and emerged from the
date of the sowing until May were evaluated.

The trials were laid out as split plots based on a randomized
complete block design with two factors and three
repetitions—each repetition contains 100 seeds. The trials
were repeated, and the evaluations were made on average for
two years in the 2008-2009 and 2009-2010 periods. The arc-
sinus transformation was implemented on the % values that
were obtained. The analyses were conducted on the JUMP
(The Statistical Discovery Software) statistical program
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package. In contrast, the groupings were performed under
the LSD (LS Means Differences Student’s test) method of
multiple comparisons at the 95% confidence threshold level
(0=0,05) (Kalayct, 2005; Acar and Gizlenci, 2006).

3. Findings

The statistical analysis results of the data obtained from seed
germination studies of C. hirsutus are given in Table 1. As a
result of the analysis of variance, the time and treatment
interaction was significant. In this study, according to the
two-year average of the results obtained from the sowings
conducted at four periods after 14 treatment methods,
12.50% to 59.00% germination and emergence were
obtained from the C. hirsutus seeds. From the evaluations
implemented for sowings in November, 10 section soak in
boiling water, 10 section soak in boiling water + 24 hours
soak in 250 ppm GA; solution and 10 section soak in boiling
water + 24 hours soak in 500 ppm GA; solution are the best
group with 59.00%, 54.83% and 54.33% emergence,
respectively.

As can see Table 1, treatments 8, 9, and 10 were the first
three treatments that resulted in above 35% of emergencies.

Besides, boiling water treatment has been in the first place.
The difference between these treatments and the others can
be seen more clearly during the sowing in November.

As an average of all periods, 24.54% germination rate and
emergence have been obtained from the control treatment.
The 30 minutes H,SOs, 45 minutes H,SO4, 60 minutes
H2SO4, 45 minutes HSO4, + 250 ppm GAs, 30 minutes
H2SO4 + 500 ppm GAs3, 8-week stratification (4 °C) in moist
perlite, 10 section soak in boiling water, 10 section soak in
boiling water + 24 hours soak in 250 ppm GA; solution and
10 section soak in boiling water + 24 hours soak in 500 ppm
GA; solution treatments have had positive effects on the
germination of C. hirsutus seeds and have also resulted in
germination as well as emergence on the control treatment.
8-week cold (4 °C) storage, 24 hours soak in 250 ppm GA3
solution, 24 hours soak in 500 ppm GAs solution, and 24
hours soak in warm (at room temperature) water treatments
have not had positive effects on germination and have not
resulted in germination or emergence under the control
treatment (Table 1).

Table 1. The average seed emergence (%) and statistical groups obtained from the C.hirsutus at different times and with different treatments.

o Time (seed sowing time) Average
L o Treatment (Treatment)
5 c October November February March *ok
1  Scarification for 30 minutes with H2SO4 24.83 g-w*** 34.00 e-l 38.00 b-g 24.00 g-w 30.21
2 Scarification for 45 minutes with H2SO4 32.33¢e-0 36.33 c1 30.67 f-q 23.50 r-w 30.71
3 Scarification for 60 minutes with H2SO4 26.67 m-v 35.17 d-k 37.17b-g 28.00 k-t 31.75
Scarification for 45 minutes with H2SO4
4 250 ppm GAs solution for 24 hours 40.17 b-e 29.00 h-s 36.17 c1 2117ty 31.63
Scarification for 30 minutes with H2SO4
5 500 ppm GAs solution for 24 hours 18.83 w-A 37.33b-g 32.00 f-p 27.67 1-u 28.96
6  Cold storage at 4 °C for 8 weeks in moist perlite 35.83¢c-j 42.83 b-d 25.83 n-v 28.50 j-s 33.25
7  Cold storage at 4 °C for 8 weeks 28.83 1-5 32.83 e-n 20.83 u-y 15.33 y-B 24.46
8  Soaking in boiled water for 10 section 44.17b 59.00 a 36.50 b-h 28.00 k-t 41.92
Soaking in boiled water for 10 section + 250 ppm
9 GAs solution for 24 hours 38.17 b-f 54.83 a 30.33 g-r 25.33 0-w 37.17
Soaking in boiled water 10 section + 500 ppm
10 GAs solution for 24 hours 43.17 be 54.33 a 42.67 b-d 22.33 5-x 40.63
11 250 ppm GAs solution for 24 hours 2150 t-y 25.67 n-v 23.83 g-w 1250 B 20.88
12 500 ppm GAs solution for 24 hours 25.50 o-w 33.33e-m 20.67 v-z 14.00 AB 23.38
13 Warm water for 24 hours 22.17 s-x 27.83 k-t 25.83 n-v 1483 z-B 22.67
14 Control 23.50 r-w 33.33e-m 24.83 p-w 16.50 x-B 24.54
Average (time)* 30.40 38.27 30.38 21.55
*Time significant = 0,05 cv 0,09
**Treatment significant * The values expressed by the same letters in the
***Time X Treatment significant line/column of the same topic are not different

Germination rate and emergence of seed 30.40% was
obtained in October, 38.27% in November, 30.38% in
February and 21.55% in March as an average of all

treatments (Figure 1). The highest germination and
emergence average was obtained in the treatments in
November. The lowest percentage of germination and
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emergence were taken from the treatments in March as
values in the time of treatments.

When the results are evaluated as application averages, it is
seen that germination between 20.88% (250 ppm GA;

solution 24 hours) and 41.92% (Boiled water 10 sc.) is
obtained. In Figure 2, it is seen that applications exposed to
hot water for 10 seconds stand out compared to other
applications. Exposure seeds in hot water for 10 seconds
could be figured out the simpliest and best application.

100.00 /
90.00 -
80.00 -
70.00 -
—
X 60.00 1 38.27
“: 50.00 | 30,40 . 30.38
< 40.00 - 21,55
& 30.00 -
= 20,00
5 10.00 -
0.00
October November February March
Time
Figure 1. The average seed emergence has taken from different times (%).
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Figure 2. The average seed emergence has taken from different treatments (%).

4. Discussion and Conclusion

While the emergence in October and November increased, it
decreased in February and March. It can be seen that the
germination period is insufficient for seeds sowed in spring.

On the other hand, seeds sowed in autumn find more
convenient periods and conditions for germination and
emergence.

The results obtained from seed germination and emergence
trials are parallel to literature and results reported in Chinea

4
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et al. (2006), Tilki (2004), Tansi (2006), Patane and Gresta
(2006) and Travlos et al. (2007). In Chinea et al. (2006)’s
study about seeds of Chamaecytisus palmensis species, the
best seed germination was obtained from 80 °C hot water
application with 54% germination. Tilki (2004) reported that
treatment of hot water, cold water, and acid would increase
germination to overcome dormancy caused by a seed coat.
In Tansi (2006) studied that folding and hot water treatments
were implemented to overcome dormancy in the seeds of
eighteen forest trees. The best germination of the seeds of
four species belonging to the family of legumes from 18
species (Robinia pseudoacacia, Albizzia julibrissin,
Gleditsia triacanthos, and Diospyros lotus) has been
achieved through the hot water treatment. It has been
concluded that these species have dormancy due to their
seed coat.

Patane and Gresta (2006), in their study on Astragalus
hamosus, achieved 91.7% germination through soaking in
80 °C water for 10 minutes to overcome the problem of
dormancy caused by a hard seed coat. Travlos et al. (2007)
state that soaking and immersion in water are very effective
methods in increasing germination and emergence rates in
hard-seed coat Leguminosae plants.

Sample groups for the worst germination and emergence
observed are treatments of 250 ppm GAg; solution for 24-
hour, Warm water for 24-hour, 500 ppm GAs solution for
24-hour, Cold storage at 4 oC for 8-weeks in March and
control treatment (Table 1 and Figure 1, Figure 2). Travlos
et al. (2007) reported that the GA3 treatment after the seed
coat is softened through other treatments gave better results
than direct GAs treatment; however, the GAs treatment is
less effective when compared to other treatments.

Rehman (2000), in the study on the germination of
Koelreuteria paniculata seeds, has not achieved any results
on GA; treatments without mechanic abrasion. The best
results have been taken from three different GAs doses
applied to seeds ith mechanic scarification + 30-day cold
wet stratification. 60 and 90-day cold-wet stratification have
adversely affected the germination in Koelreuteria
paniculata seeds. Travlos et al. (2007) and Rehman (2000)
stated that there is any statistically positive effects on
germination and emergence between the control group and
sample groups of GAs+cold+24-hour water treatment.

As the average of all periods, better results were taken from
the sulphuric acid treatment compared to the control. Even
though it has not been in the first group of treatments, the
sulphuric acid treatments had positively affected the
germination and emergence of C. hirsutus seeds. In the
Chinea et al. (2006) study, the positive effects of sulphuric
acid on the germination of Chamaecytisus palmensis seeds
were underlined.

According to Travlos et al. (2007), sulfuric acid applications
could cause different levels of damage in terms of seed coat
thickness and application time. It may lead to different
results from various studies. Patane and Gresta (2006)
achieved 100% germination in three days through 60-minute
sulphuric acid treatments on Astragalus hamosus. The
highest level of germination (34.9%) for M. orbicularis was

reached through immersion for 60-minute in a 70%
concentration. In this study, the results achieved through the
sulphuric acid treatment were not good as much as Patane
and Gresta (2006) on A. hamosus, but closer to results taken
from M. orbicularis were obtained.

In the cold-wet stratification treatment through all periods,
better emergencies were achieved compared to keeping in
cold and immersion in water. Similar results were also
achieved in the Zencirkiran et al. (2010) study on the
germination of Cercis siliquastrum seeds. Zencirkiran et al.
(2010) stated that the 4 and 8-week cold-wet stratification
treatments increase germination.

Seeds with storage at 4 °C without a seed coat softening
treatment, immersion in water for 24-hours, 250 and 500
ppm GA; treatments have lower germination and emergence
rate than those of control group However, seed coat
softening treatments or combination of treatments give
better results than the control. It shows that the germination
dormancy of the C. hirsutus species is caused by the
hardness of the seed coat. Also, short-term seed coat
softening treatments such as immersion in water for 24
hours are insufficient to overcome the germination
dormancy obstacle.

According to these results, the germination dormancy in C.
hirsutus seeds is not based on cold treatment or embryo rest.
The germination percentage can be increased through
treatments that alleviate the hard seed coat problem.

Abdalla and Mc Kelvie (1980) stated that both the chilling
and GA; treatments increased the germination of fresh seeds
in all species, in stored seeds, while GAs increased the
germination of 21 species, chilling increased the
germination in 16 species.

As can be seen from the results, the treatments implemented
to overcome the obstacle of dormancy in the germination of
seeds differ between fresh seeds and stored seeds. They may
vary according to the storage time.

C. hirsutus species can be germinated at a 59% rate in
November, without using extra materials and chemicals, by
the simple and practical method of soaking it in boiling
water for 10 seconds.
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Abstract

Winter storm damages have crucial effect on different tree species and cause significant losses in many
regions in Turkey. In a winter storm, trees can break or be thrown if stem and root plates overturn. The
most important factors affecting the severity of damage caused by storms on forest trees are tree species,
tree age (stage), crown closure, topographic features (elevation, slope), and climate parameters (wind,
precipitation). Coniferous species are more susceptible to storms than deciduous species. The storm
damage impact on trees increases with tree age and the density of the stand. Although the storm damage
is lower at low altitudes (<150 m), the damage increases up to a certain altitude (1000 m) and decreases
again at higher elevations. The highest risk of storm damage is in the middle (20-30%) slope groups,
while the damage is lower in the low and steep slope groups. Wind speed and direction are climate
parameters affecting forest tree storm damage. Pre-storm precipitation causes the soil to loosen and
especially contributes to the formation of storm overturns. In order to prevent or minimize storm
damage, it is of great importance to develop storm damage maps based on the factors that impact the
storm damage. In this study, a storm damage risk map was produced using a GIS-based multi-criteria
(Analytical Hierarchy Process-AHP) decision support system considering, tree species, tree age, crown
closure, elevation, slope, wind speed and direction, and precipitation. The study implemented in
Karadag Forest Enterprise Chief in Karacabey province of Bursa. The results indicated that the most
effective risk factor was wind speed and wind direction, followed by the slope.

Key words: Winter storm damage, storm risk map, GIS, AHP.

Ozet

Agag tiirleri lizerinde etkili olan firtina zararlari, Tiirkiye'nin bircok bolgesinde dnemli kayiplara neden
olmaktadir. Firtinada, govde ve kok devrilmesi durumunda agaclar kirilabilmekte veya
devrilebilmektedir. Firtinalarin orman agaglarina verdigi zararin siddetini etkileyen en dnemli faktorler;
agac tiirii, agac yasi (¢ag1), kapalilik, topografik 6zellikler (yiikseklik, egim) ve iklim parametreleridir
(riizgar, yagis). Igne yaprakli tiirler, yaprak doken tiirlere gore firtinalara daha duyarhidir. Agaglarin
iizerindeki firtina hasari etkisi, aga¢ yasi ve mescere yogunlugu ile artis gostermektedir. Algak
rakimlarda (<150 m) firtina hasar1 diisiik goriiniirken, belirli bir yiikseklige (1000 m) kadar hasar
artmakta, daha yiiksek rakimlarda ise tekrar azalmaktadir. Firtina hasari riski orta egim (%20-30)
gruplarinda ¢ok yiiksek, diisiik ve dik egim gruplarinda ise hasar daha diigiiktiir. Riizgdr hiz1 ve yond,
orman agaclarinda firtina hasarini etkileyen en onemli iklim parametreleridir. Firtina 6ncesi yagislar
topragin gevsemesine neden olup, 6zellikle firtina devriklerinin olugsmasina neden olmaktadir. Firtina
hasari1 dnlemek veya en aza indirmek i¢in, firtina hasarma etkisi olan faktorleri dikkate alarak, firtina
riski haritalar1 gelistirmek biiyiik 6nem tagimaktadir. Bu ¢alismada, agag tiirleri, agac yasi, kapalilik,
yiikseklik, egim, riizgar hizi/yoni ve yagis dikkate alinarak, CBS tabanli ¢ok kriterli (Analitik Hiyerarsi
Siireci-AHP) bir karar destek sistemi ile firtina risk haritasi tiretilmistir. Calisma, Bursa ili Karacabey
ilcesinde bulunan Karadag Orman fsletme Sefliginde uygulanmstir. Sonuglar, en etkili firtna risk
faktoriiniin riizgar hizi ve yonii oldugunu ve bunu egimin takip ettigini géstermistir.

Anahtar kelimeler: Firtina zarari, firtina riski haritasi, CBS, AHP.

* This work has been partially presented in International Scientific Research Congress 2022
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1. Introduction

Storm damages are common occurrences in many countries
worldwide, including Turkey. Storm damages result in
significant amounts in timber volume losses. Failure to
remove the products quickly in the area damaged by the
storm and strong wind causes quality loss and insect damage
to the product. In addition, erosion occurs due to the delay
of afforestation in the area where there is no soil and root
connection due to storm damage. As a result of strong winds
or storms, the root systems of the trees partially or entirely
come to the surface of the soil, then cracks, breaks, and
bending occur in the tree trunks. Tree species, tree age,
crown closure, topographic characteristics, and climate
parameters are the most important factors affecting the
severity of the damage caused by storms on forest trees.
Coniferous species are more susceptible to storms than
deciduous species. The resistance to storm damage is higher
than coniferous mixed stands such as pine-spruce. Oak is the
most resistant tree against storm damage (Tasg, 2017).

The danger of storm damage increases with tree age and is
more severe in stands over 50 years old. Also, older trees
with root rot and other stem defects are more susceptible to
storm damage (Moore, 2000). Since trees growing in closed
and dense stands have limited space for crown and roots to
develop, storm resistance is weaker than trees growing in
sparse stands (Mitchell, 2000 Schmoeckel and Kottmeler
(2008) stated that storm damage is lower at low altitudes
(<150 m), the damage is seen up to a certain height (1000
m), and trees are more resistant to storms at higher altitudes
because they grow under continuous storms and other
environmental effects. Schiitz et al. (2006) reported an
inverse correlation between the increase in ground slope and
storm damage. Similarly, storm damage was very low in
very steep lands.

Karadag FEC

Wind direction and speed are the most vital climatic
parameters affecting storm damage to forest trees.
Loosening of the soil in areas that received continuous and
heavy rainfall before the storm makes an outstanding
contribution to the formation of storm overturns
(Canakgioglu, 1993). With the melting of the snow, the wet
soil also contributes to the overturned formations. It is
crucial to map the areas at risk of storms in the fight against
storm damage, which is one of the leading abiotic damages
affecting forests. GIS techniques, which are an effective tool
in studies of different disciplines, can be used in storm
damage risk analysis by integrating with empirical models
(Lekes and Dandul, 2000). GIS-based mathematical models
are frequently preferred for the most realistic solution to
complex problems that require the evaluation of many
different factors. Especially, multi-criteria decision analysis
systems (Analytic Hierarchy Process-AHP, Regression
Models and Fuzzy Logic) can be integrated with GIS and
used effectively in producing risk maps. Within the scope of
this study, it is aimed to develop the risk map of storm
damages by using the AHP method integrated with GIS.
Tree species, tree age, cover, elevation, slope, wind
speed/direction, and precipitation were considered storm
risk factors.

2. Material and methods

2.1. Study area

The study area is within the borders of Bursa Forestry
Regional Directorate, Karacabey Forestry Enterprise
Directorate, and Karadag Forestry Enterprise Chief (FEC).
In the study area, whose total forest area is approximately
9176 hectares, the average altitude from the sea is 360 m.
The dominant tree species in the floodplain forest are Stone
pine, Linden, Black pine, Beech, Chestnut, Brutian pine,
Magquis, Oak, and Maritime pine.

Figure 1. Study area.

2.2. GIS Database

A GIS database was generated in the “ArcGIS 10.5”
software environment to produce the numerical data layers
of the variables determined as the storm damage risk factors.
Using the digital stand map of the Karadag FEC, data layers
such as tree species, tree age, and crown closure of the forest

area that are the subject of the study were produced. DEM
was developed by using the contours of the study area, and
the height values were divided into height classes at 200 m
intervals. Then, the aspect and land slope layers were
developed using DEM, and the slope values were divided
into slope classes with 10% intervals. Wind and
precipitation data of the study area were adapted from
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Karacabey Meteorology Station data. An aspect map-based
wind data layer was developed from these data, especially
considering the direction of the maximum wind speeds.
Average rainfall was estimated using land elevation values.

2.3. AHP Application

In the AHP methodology, each set of components that
comprise the hierarchical structure defines a different
hierarchy level (Saaty, 1977).There is the main purpose at
the top level of the structure; below it, the criteria and sub-
criteria to achieve the goal, and the alternatives at the

bottom. This study evaluated tree species, tree age, crown
closure, elevation, slope, wind speed/direction, and
precipitation as the main criteria. Within the scope of the
study, storm risk was divided into five alternative risk
groups (very low, low, moderate, high, and very high) to
determine the storm risk levels of forested areas. In pairwise
comparisons, the relative importance scale is used to
numerically express the importance of the criteria. In this
study, 1-9 relative importance scales were preferred, which
are widely used and give good results (Table 1). The AHP
structure developed in the study is shown in Table 2.

Table 1. The relative importance values.

Importance Scale

1 Equal importance
3 Weak importance of one over another
5 Essential or strong importance
7 Demonstrated importance
9 Absolute importance
2,4,6,8 Intermediate values between the two adjacent judgments

Table 2. AHP model.

Main Criteria

Tree Tree Crown Elevation Slope Wind Direction  Precipitation
Species age closure (m) (%) (m) (mm)
Subcriteria
Stone pine Newly Planted Bare-land 0-200 0-10 Flat 250 - 300
Linden Young Sparse 200 - 400 10-20 N 300 - 350
Black pine Mature Moderate 400 - 600 20-30 NE 350 - 400
Beech Dense 600 -800 30-40 E 400 - 450
Beech-Linden > 800 40-50 SE > 450
Chestnut 50 - 60 S
Brutian pine 60 - 70 SW
Maquis 70-80 w
Oak 80-90 NW
Oak-Linden >90 N
Oak-Beech
Oak-Chestnut
Maritime pine
Alternatives
Very Low Risk Low Risk Moderate Risk High Risk Very High Risk

Pairwise comparisons are conducted by considering the
viewpoints of an expert or individuals knowledgeable about
the study subject. When multiple decision makers are
involved, there are certain drawbacks to reaching a single
decision that incorporates all preferences, primarily in terms
of consistency. To ensure greater consistency, the study's
results regarding the impact of criteria on storm risk were
used to make pairwise comparisons by a single decision
maker. The decision makers' adherence to realistic pairwise
comparisons is evaluated by calculating the Consistency
Ratio (CR). If the CR value is less than 0.10, it indicates that
the decision maker maintains consistency. Lastly, in the
Analytic Hierarchy Process (AHP), the relative importance
values of the alternatives were determined with a focus on
overall purpose. During the decision phase, the relative
importance values of the alternatives were compared, and
the level of storm risk was determined.

3. Results and conclusions

3.1. Digital maps of risk factors

The tree species data layer determined 13 stand types
composed of pure and mixed species (Figure 2). Pure oak
stands covered the largest area (39.91%), followed by pure
beech stands (19.77%). The tree age data layer is given in
Figure 3. The young trees covered the largest areas
(69.47%), followed by the newly planted trees (23.66%). A
map showing the degree of crown closure of the forest areas
in the study area has been developed (Figure 4). Fully
enclosed dense stands covered the largest area (74.64%).

DEM of the study area was developed, then DEM-based
slope and aspect maps were produced. Figure 5 shows the
DEM of the forested regions of the study area. Accordingly,
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the average altitude in forest areas is 360 m, and varies
between 40 m and 815 m. The forest area average slope was
25.45% (Figure 6). Within the scope of climate data, wind
and precipitation data layers were produced. Using the
aspect data layer, especially the maximum speeds of the
winds blowing in the main and intermediate directions were

taken into account (Figure 7). The precipitation data of the
forested areas were calculated depending on the altitude by
using the average precipitation data (Average: 245.15 mm)
obtained from the closest meteorology station and DEM.
The precipitation data layer is given in Figure 8.

Legend
[ seech I artme pine
[ Beech-Linden [N 02k

I sackpne [ Oak-Beech
[ ] ertianpine [l Oak-Chestnut
I crestnut [ Oak-Linden
I Lincen I stone pine
I aqus

Figure 2. Species map.

Figure 3. Tree stages map.

Figure 4. Crown closure map.
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Figure 5. Elevation map.
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Figure 7. Wind direction map.
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Figure 8. Precipitation map.

3.2. AHP results

After the data layers representing the storm damage risk
factors were classified in the GIS environment, weighted
importance degrees were assigned for each sub-criterion
with a single decision-maker approach in line with the
information obtained from the literature. The weighted
values of the subcriteria are indicated in Table 3. The pure
Stone pine, followed by the Maritime pine forest, had the
highest weighted values (highest risk), while the Oak forest
had the lowest weighted values (lowest risk). The mature
stages had the highest weighted values, while newly planted
trees had the lowest values. The forests with dense crown
closure had the highest weighted values, followed by
moderate crown closure. The weighted values increased as
the elevation increased in the area. On the other hand,
weighted values increased up to 40% slope, and then values
were lower for the steep grounds. It was found that weighted
values were higher in the northeast, followed by the north.
Regarding the precipitation factor, weighted values
increased as the precipitation amount increased.

Upon conducting the consistency analysis, the
corresponding criteria were assigned weighted average
values using the "Spatial Analyst" extension of ArcGIS
10.5. Subsequently, the "extAhp 2.0" plug-in was employed
to combine these weighted averages and calculate the AHP
scores. Based on the assigned weighted average values for

the storm damage risk map criteria, it was found that the
most influential criterion was wind speed/direction,
followed by slope and tree species. Tree ages and crown
closure had a similar effect on storm damage risk, while
elevation and precipitation had the lowest effect on storm
damage risk (Table 4).

Table 4. The weighted values of the risk factors

Risk factors Values
Species 0.1466
Tree Age 0.0881
Crown Closure 0.0881
Elevation 0.0521
Slope 0.2289
Wind 0.3440
Precipitation 0.0521

According to Figure 9, which illustrates the distribution of
the storm damage risk map, the results show that
approximately 46.86% of the forests in the study area were
classified within the moderate-risk zone, while
approximately 31.09% were within the high-risk zone.
Moreover, about 11% of the forests were categorized as high
and very high storm damage risk  areas.

Storm Damage Risk

I very ow High
B v I very igh

Medium

Figure 9. Storm damage risk map.
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Contribution of forestry work to household income and opinions of forest workers on work safety
(A case study in Saimbeyli Forest Enterprise Directorate)
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Sorumlu yazar: Ozet
Edanur AYHAN Ormancilik sektoriiniin gelismesi ve sanayilesmenin artmasi ile birlikte koyden kente gogler
artmigtir. Bununla birlikte orman is¢isine daha fazla ihtiya¢ duyulan donem baglamistir. Orman
is¢iligi fiziki olarak gii¢ gerektiren, is kazasi riskinin yiiksek oldugu ve zahmetli bir is koludur.
Buna karsin orman isciligi koyliiler icin 6nemli bir gelir kaynagidir. Bu ¢alismada Saimbeyli
Orman Isletme Miidiirliigii’nde calisan koy kokenli iscilerin goriisleri ve ekonomik agidan
hanelere katkis1 arastirilmistir. Sonuglar, orman islerinde yogun olarak erkeklerin agirlikli
olarak ¢alistiklarini, is¢ilerin egitim diizeylerinin diisiik oldugunu ve orman is¢iliginin hanelere
aylik ortalama 11.016+186 TL (2022 asgari iicret net 5.500 TL) gelir sagladigin1 gostermistir.
Yapilan Wilcoxon eslestirilmis iki drneklem testine gore ormanciliktan kazandigi gelir ile
hanenin diger gelir kaynaklar1 dahil hane toplam geliri arasinda fark bulunmamaktadir.
Iscilerin %84’iiniin ek gelir kaynagi bulunmamaktadir ve yaklasik %80’i ormanciliktan
kazandigr maagtan memnundur ve ailesinin geginmesi igin yeterli oldugunu diisiinmektedir.
Isciler, is giivenligi konusunda yeterli bilgiye sahip olduklarini diisiinse de %74’ yasanacak
bir kaza varsa bu kazanin oniine gegilemeyecegini, kader oldugunu diisinmektedir. Oysa is
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Anahtar kelimeler: Orman is¢isi, hane geliri, orman koyliisii.

Abstract

With the development of the forestry sector and the increase in industrialization, migration
from the village to the city has increased. Also, the period, in which the more forest workers
are needed has begun. Forestry is a difficult job that requires physical strength and has a high
risk of accidents. On the other hand, forestry work is an important source income for the
villagers. In this study, the opinions of the workers working in the Saimbeyli Forest Enterprise
Directorate on forestry work and their economic contribution to the households were
investigated. The results showed that men mostly work intensively in forestry works, workers
have low education level, and forestry labor provided an average monthly income of
11.016+£186 TL to households (2022 minimum wage net 5.500 TL). According to the
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Wilcoxon Test (Two-Related-Samples Test), there was no difference between the income
earned from forestry and the total household income including other income sources of the
household. 84% of the workers do not have an additional source of income and around %80
think that they are satisfied the salary they earn from forestry and think that is enough for their
livelihood. Although the workers think that they have sufficient knowledge about occupational
safety, %74 of them think that if there is an accident, it cannot be prevented, it is destiny.
However, it is possible to prevent work accidents and occupational diseases by means of
protective personal equipment, first aid knowledge, training and work organization. For this
reason, it is necessary for workers to be trained first, and trainings should be regularly planned
at the country level.

Keywords: Forestry worker, household income, forest villager.
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1. Giris

Orman is¢iligi, caligma ortaminin orman olmast nedeniyle is
giicliniin genis, engebeli ve acik hava etkisinin bulundugu
alanlara tagimmmasimi gerekli kilmaktadir (Yildirim, 1980;
Sentiirk ve Acar, 1997). Bir¢ok sektorle karsilastirildiginda
agir ve tehlikeli isleri barindirmasi nedeniyle is kazasi riski
yiiksektir (Menemencioglu, 2006; Akgil vd., 2021).
Ormancilik  faaliyetlerinde ihtiyag duyulan isgiiciini,
bedensel ve zihinsel emek harcayarak karsilayan her bireye
“orman is¢isi” denilmektedir (Erdas vd., 1995’¢ atfen Palaz
ve Yildiz, 2017).

Orman isciligi diinyada 19. yiizyilin baslangicinda tarimin
ve  yap1 islerinin ~ yapilmadigi ki  aylarinda
gerceklestirildiginden mevsimlik is¢i niteligi tasimaktaydi.
Orman islerinin daha rasyonel ve profesyonel nitelik
kazanmasi ormancilik sektoriiniin gelismesine paralel olarak
ilerleme kaydetmistir. Uretim masraflarmin artmasi, iiretim
tekniginin makinelesmeye yonelmesi, ormanlarin korunma
ihtiyac1 ve ormanlar ile birinci temas halinde olan kirsal
niifusun sehirlere goclerinin artmasi devamli ve egitimli
orman is¢isi ihtiyacini ortaya ¢ikartmistir (Kalipsiz ve Tank,
1973; Yidirim, 1980). Ulkemizde orman iscilerinin
egitimine yonelik faaliyetler ilk olarak 1954 yilinda Orman
Umum Miidiirliigi tarafindan kesim, hasat, testere kullanimi
vb. teknik konular ile ilgili egitimlerle baslamistir. 1961
yilinda ise kalifiye orman iscisi yetistirilmesi gayesiyle
Orman Bagmiidiirliiklerinde egitim kamplar1 ag¢ilmistir.
1961-1972 yillart arasinda bu kamplarda 9705 kalifiye is¢i
yetistirilmistir (TOB, 2023).

Ormancilik  hizmetleri  tlkemizde “tarimsal nitelikli
ormancilik hizmetleri” ve “tarimsal olmayan ormancilik
hizmetleri” olarak ikiye ayrilmaktadir. Tarimsal nitelikte
ormancilik hizmetleri, fidanlik ve agaglandirma faaliyetleri,
orman koruma ve bakim isleri, tohum toplama gibi
islemlerini kapsamaktadir. Tarimsal nitelikte olmayan
ormancilik faaliyetleri ise orman yol yapim, bakim ve
onarim faaliyetleri, damga, numaralama, istif, tasnif, depo
hizmetler, tasima, orman kadastro-haritacilik gibi faaliyetleri
kapsamaktadir (Acar ve Eroglu, 2016). Bu baglamda orman
isgileri de devlet ormanlarinda yaptirilan agaglandirma,
bakim, yol yapimi, imar, kesme, toplama, tasima gibi orman
islerinde  calismaktadirlar.  Ormancilik  faaliyetlerinde
calisacak orman iscileri 6831 sayili Orman Kanunu’nun 40.
maddesinde “igyerinin ve isyerinde calisacaklarin hangi
miilki hudut ve orman teskilat1 hudutlar igerisinde kaldigina
bakilmaksizin, oncelikle igyerinde veya civarindaki orman
koylerini  kalkindirma kooperatiflerine ve isyerindeki
koyliilere veya igyeri civarindaki orman islerinde c¢alisan
koyliilere, isyerine olan mesafeleri ile is giicleri dikkate
almarak yaptirilir”  seklinde agiklanmaktadir.  Thtiyag
duyulan ig giicii orman ve civarinda yasayan koyliilerden
saglandig1 icin, orman koylillerinin istthdam edilmesi ve
ekonomik olarak desteklenmesi yasal mevzuat ¢ercevesinde
korunmaktadir.

Orman is¢ileri calisma siirelerine gore mevsimlik orman
isgileri, siirekli orman isgileri ve gegici orman is¢ileri olarak
ii¢ gruba ayrilmaktadir (URL-1). Orman isini gorev olarak

alip, ge¢imini bu isten saglayan, orman isletmesinin devaml
elemani olan isgilere “devamli orman isgisi”, yilin belirli
zamanlarinda damga-numarataj gibi islerde ¢aligsan is¢ilere
“mevsimlik orman is¢isi”, devamli ve mevsimlik orman
iscilerin arasinda kalan ve orman isletmesinin ¢ok yogun
oldugu zamanlarda calistirilan iscilere ise “gecici orman
iscisi” denmektedir (Acar ve Eroglu, 2016). Orman Genel
Midiirligii (OGM) biinyesinde merkez ve tagra birimlerinde
8.396 siirekli, 10.086 gegici isci istihdam edilmektedir
(OGM, 2022). Orman islerinde oncelikli olarak istihdam
edilen orman koyliilerinin gelir kaynaklarinda tarim,
hayvancilik, orman {iriinleri iretimi ve ormancilik
faaliyetleri 6n plana ¢ikmaktadir.

Diger sektorlerle karsilastirildiginda ormancilik sektorii is
kazasi yoniiyle en tehlikeli sektorlerden  birisidir.
Ormancilikta acik alanda ve ekstrem havalarda, yogun bitki
ortiisii ile zorlu arazilerde calisilmasi is kazasi riskini
arttirmaktadir. Bélmeden ¢ikarma esnasinda, motorlu testere
kullanirken, tagima ve nakliye gibi ormancilik iglerinde is
kazalar1 yasanabilmektedir (Akgiil vd., 2021).

Ulkemizde, orman isgiliginde egitimin gerekliligini, isin
zorlugunu, is giivenligi ve saghgi ve sosyo-ekonomik
kosullart arastiran birgcok calisma bulunmaktadir (Acar ve
Sentiirk, 1997; Acar ve Sentiirk, 1999; Karahan ve Giirbiiz,
2014; Palaz ve Yildiz, 2017; Karasay, 2018). Konu ile ilgili
calismalar incelendiginde is glivenligi ve isci sagligr ile ilgili
arastirmalarin daha fazla on plana ¢iktig1 goriilmektedir
(Lilley vd., 2002; Melemez vd., 2012; Cig, 2013; Tunay ve
Emir, 2015; Inang ve Agyiirek; 2019). Ancak cografik
bolgelere gore degisen orman isciligi  kosullarinin
incelenmesine ihtiya¢ vardir. Nitekim, degisik cografik
bolgelerde orman islerinde is¢i istihdam eden OGM’nin bu
konuda uygulayacag: politikalara esas olmak iizere bilgiye
ihtiyact olacaktir. Bu anlamda, kendine 06zgli kosullart
bulunan Adana-Saimbeyli Bolgesi’ndeki orman isgiligi ve
kosullarmin incelenmesi benzer yapidaki isletmeler ve
orman iscilerine  yonelik uygulanacak politikalarin
gelistirilmesine katki sunacaktir.

Adana-Saimbeyli Orman Isletmesi biinyesinde 11 adet
Orman Sefligi, 1 adet Agaclandirma ve Toprak Muhafaza
Sefligi bulunmaktadir. Isletmenin genel alan1 187.940 hektar
olup, alaninin  %56’st  (104.890) orman alanindan
olusturmaktadir. Orman isgileri de yogun olarak iiretimde,
agaclandirmada ve yangin ¢alismalarinda rol almaktadir. Bu
calismanin  amaci, Adana-Saimbeyli Orman Isletme
Miidiirliigii’'nde (OIM), orman isgilerinin sosyo-ekonomik
durumunun belirlenmesi ve is kosullarinin
degerlendirilmesidir. Orman  iscilerinin ~ ormancilik
faaliyetlerinin zorlugu ve ekonomik katkisina yonelik
goriislerine ulagmak calismanin ana hedefidir. Elde edilen
sonuglarin orman is¢ilerinin goriiglerini dikkate alarak
calisma sartlarinin iyilestirilmesine yonelik gelistirilecek
politikalara 151k tutmasi beklenmektedir.

2. Materyal ve Yontem

Aragtirma Adana Orman Bélge Midirligi'ne baglh Dogu
Akdeniz boliimiiniin kuzeyinde yer alan Saimbeyli OIM’nde
gerceklestirilmistir.  Calismanin ana kiitlesini  Saimbeyli
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OIM’nde ¢alisan 33 siirekli ve 56 mevsimlik is¢i olmak
lizere 89 orman isgisi olusturmaktadir. Basit rastgele
ornekleme yontemi ile 30 orman iscisiyle anket calismasi
gerceklestirilmigtir. Anket sorularinin yanlig anlasilmasi ve
bos birakilmast gibi durumlart ortadan kaldirmak amaciyla
yiiz yiize goriigme teknigi oncelikli olarak tercih edilmistir.
Anket calismast kis ayinda yapildigindan yiiz yiize
ulasilamayan orman isgileriyle telefon ile goriisme teknigi
tercih edilerek ankete katilimlar1 saglanmistr.

EEINT3

Anket formunda 18 adet “katiliyorum”, “emin degilim” ve
“katilmiyorum” siklarina sahip 3’li likert 6lgekli, 10 adet
acik uglu, 5 adet ¢oktan segmeli olmak iizere nitel ve nicel
sorulart kapsayan toplam 33 soru yer almistir. Arastirmanin
amaci dogrultusunda anket formunda dort temel soruya
cevap aranmigtir;

(1) Orman isgilerinin sosyo-demografik 6zellikleri nelerdir?

(2) Orman igg¢iliginin hane ekonomisine katkist var midir?,
varsa ne kadardir?

(3) Orman is¢cilerinin ormancilik faaliyetlerinin zorluguna ve
is giivenligine yonelik goriigleri nelerdir?

(4) Orman isgileri elde ettikleri gelirlerden memnun mudur?

Calismada elde edilen veriler SPSS paket programinda

analiz  edilmistir.  Orneklemi  tanimlamak amaciyla
tamimlayict  istatistiklerden;  minimum,  maksimum,
frekanslar, ylizde ve standart sapma gibi degerler

hesaplanmistir. Ormancilik faaliyetlerinin hanelerin gelirine
olan katkisini belirlemek amacryla hanelerin toplam geliri ve
orman islerinden elde ettikleri gelir kiyaslanmustir. Istatistik
analiz oncesinde verilerin normallik testi yapilmis ve elde
edilen sonuca gore parametrik veya non-parametrik analiz
yontemi tercih edilmistir.

saglayan deneklerin tamami erkektir. 30 denegin yas
ortalamas1 X=46,5+2,59 ve yas araligi 22 ile 70 arasinda
degismektedir. Egitim durumu incelendiginde %601
ilkogretim mezunu, %33’1 lise mezunu, %7’°si iiniversite
mezunudur. Hane biyiikligi ortalama xX=4+0,3 kisi ve
maksimum sekiz kisiden olugmaktadir. Deneklerin
%84’tiiniin sadece orman isgisi olarak hanesine gelir
sagladigr gorilmektedir. Ek olarak deneklerin %3’i
hayvancilik, %7’si tarim ve %3’G hem tarim hem
hayvancilik isiyle ilgilenerek hanelerine ek gelirler
saglamaktadirlar. Tarim isi ile ilgilenen haneler aylik
ortalama x=2.116+600 TL ek gelir elde etmektedirler.
Orman iscisi olarak calisan deneklerin hanelerinin aylik
ortalama geliri hesaplandiginda 11.350+270,32 TL oldugu
goriilmektedir. Sadece orman islerinden elde edilen gelir ise
aylik ortalama 11.016+186,44 TL’dir (Cizelge 1). Ortalama
dort kisiden olugsan hanelerde X=1,1340,79 birey orman
is¢isi olarak caligmaktadir. Hanelerin neredeyse tamaminda
(%90) orman iggisi olarak bir bireyin ¢aligtig1 goriilmektedir.

Ormancilik faaliyetlerinden elde edilen aylik gelirin
hanelerin toplam aylik gelirini arttirip arttirmadiginin
arastirmasi amaciyla her iki gelir karsilastirilmistir. Yapilan
normallik testi sonucu verilerin normal dagilim gostermedigi
anlagilmis ve bu karsilagtirma i¢in Wilcoxon eslestirilmis iki
orneklem testi uygulanmistir. Test sonucunda is¢ilerin
ormanciliktan elde ettikleri gelir ile toplam hane geliri
arasinda anlamli fark bulunmadig1 goriilmiistiir (p<0,05). Bu
durum hanelerin ana gelir kaynaginin ormanciliktan
saglanan gelir oldugunu gostermektedir. Iscilere “ormancilik

faaliyetlerinde ~ calisma  sebebiniz  nedir”  sorusu
yoneltildiginde %100 oraninda “ana gelir kaynagim
ormancilik isleridir” yanitinin alinmasi, bu hipotezi

desteklemekte ve tarim ve hayvancilik islerinden elde edilen

gelirin ek gelir olarak hane biit¢esine yansidigini
gostermektedir.
3. Bulgular
3.1. Sosyo-ekonomik ozellikler
Saimbeyli OIM’nde ¢alisan orman iscilerinin tamaminin
erkek oldugu bilinmektedir. Bu nedenle ankete katilim
Cizelge 1. Orman is¢cilerine ait bazi1 6zellikler ve istatistikleri.
Degiskenler (N=30) x+SE Min Max
Yas 46,5+2,59 yas 22 yas 70 yas
Hane biytkligi 4,06+0,3 kisi 1 kisi 8 kisi
Hanede calisan orman isgisi sayisi 1,13£0,79 kisi 1 kisi 3 kisi
Orman iscisi olarak ¢alistigi siire 18,8+2,49 yil I yil 47 yil
Aylik hane geliri 11.350+270,32 TL 9.500 TL 15.000 TL
Aylik ormanciliktan saglanan gelir 11.016+186,44 TL 9.500 TL 12.500 TL

3.2. Orman iscilerinin goriisleri

Ortalama 18,84+2,49 yildir ormancilik ile ilgilenen orman
is¢ilerinin %53 iiniin daimi is¢i, %47 sinin mevsimlik is¢i
olarak calistig1 goriilmektedir. Deneklerin %70’inin odun
iiretiminde, %10’unun odun deposunda, %10’unun operator
olarak, %30’unun yanginda, %7’sinin yangin kulesinde,

%3’linlin ise sofor olarak calistigi belirlenmistir. Haftalik
caligma stiresi 40 ve 45 saat olarak degisim gostermekle
birlikle %83°1i 45, %17’si 40 saat ¢alismaktadir.

Uglii likert sorular ile orman isgilerinin isin zorlugu ve
sartlari, is giivenligi ve kazanilan maas hakkindaki
gorlsglerine  ulasilmak istenmistir.  Deneklerin = %901

16



AYHAN, ERKAN, DEGIRMENCI / Agag ve Orman, 4(1), 14-18.

ormancilik faaliyetlerinin yogun gii¢ gerektiren ve riskli bir
is oldugu goriisiine katilmaktadir. Ormancilik iglerinin zor
oldugu goriisiine deneklerin %84’ katilmaktadir, %3’
emin degildir, %13’ ise bu goriise katilmamaktadir.
Deneklerin %100’ ormancilik isleri igin tecriibe gerektigini
ve bu konuda yeterli bilgi ve deneyime sahip olduklarim
diisiinmektedir.

Ormancilikta iiretim islerinde, agacin kesilip devrilmesinde
ve dallarin budanmasinda kaza riski daha fazladir. Is
kazalarmin azaltilmasi, 6nlenmesi veya tehlikenin ortadan
kaldirtlmast is giivenliginin saglanmasi ile olanakli hale
gelmektedir. Denekler ile yapilan goriismelerde, Saimbeyli
OIM’nde isgilerin tamaminin is giivenligi konusunda egitim
aldiklari, iy saghg ve i gilvenligi kapsaminda
uygulamalarin ve denetimlerin etkin bir sekilde ytritildiigi
goriilmiistiir. Deneklerin neredeyse tamami (%97) “is
giivenligi konusunda yeterli bilgiye sahibim” goriisiine
katilmaktadir. Ek olarak %74’ “ormancilik faaliyetlerinde
bir kazanin olacagi varsa bu kazanin Oniine gecilmez”
goriisiine katilmaktadir, %131 emin degildir ve %13°i ise
katilmamaktadir. Kazalarim  6nlenmesinin  sans  eseri
oldugunu goriisiine deneklerin %701 katilmaktadir, %17’si
bu konuda emin degilken %13’ ise bu goriise
katilmamaktadir.

Saimbeyli OIM’nde haftanin 40-45 saatini ormancilik
islerinde gegiren iscilerin %73 {inliin mesai saatleri disinda
da calistigl, ayn1 zamanda tamaminin sosyal giivencesinin
karsilandig1r goriilmistiir. Deneklerin %84 liniin kazandig1
maagtan memnun oldugu, %3’tiniin bu konuda emin
olmadig1 ve %]13’iiniin ise memnun olmadig1 goriilmiistiir.
“Emegimin karsiligin1 aylik maas miktar1 karsilamaktadir”
gorisiine deneklerin  %87’si  katilmaktadir, %13’ ise
katilmamaktadir. %80’i kazanilan bu maasin bir ailenin
gecinmesi i¢in yeterli olacagini, %13’{ yeterli olmayacagini
distinmektedir ve %17’si ise bu goriisten emin degildir.
Deneklerin %90’1 “ormancilik faaliyetlerinde uzun yillar

calismak  mimkiindiir”  goriisine  katilmakta  %7’si
katilmamakta, %3’ ise bu goriiste emin degildir.
Deneklerin -~ %86’s1  ormancilik  faaliyetlerinin  isgiler

tarafindan 6grenilip, kavranilmasinin uzun zaman alacagini
diistinmektedir, %7’si bu gorlise katilmamaktadir, %7’si ise
emin degildir.

4.Tartisma ve Sonug¢

Orman is¢iligi maratonda kosan bir atlet kadar enerji
harcanmasi yoniiyle fiziki olarak gii¢ gerektiren, zahmetli ve
riskli bir istir (Kirk, 1996). Menemencioglu (2006)’ nin
yaptig1 caligmaya gore orman iscilerinin %47’si koruyucu
ekipmanlarin eksikligi, yorgunluk, dikkatsizlik, tecriibesizlik
ve kotii ¢alisma kosullart nedeniyle en az bir defa is kazasi
gecirmektedir. Ulkemizdeki mevcut orman iscileri orman
koyliilerinden olugmaktadir ve egitim sart1
bulunmamaktadir. Orman iscileri isi deneyimli orman
is¢ilerinden dgrenmekte ve zamanla sahada tecriibe edinerek
ustalagmaktadirlar. s kazalar1 konusunda tecriibenin yeterli
olmadig1 goz Oniine alindiginda ormancilik kurumlarinin
biinyelerinde ¢alistirdigi orman iscilerine yonelik diizenli
bilgilendirme egitimleri saglamalar1 ve sertifikali vasifli is¢i
konumuna getirilmeleri énemlidir (Menemencioglu, 2012).

Saimbeyli OIM’niin is giivenligi konusunda egitimler
diizenledigi ve kaza risklerinin azaltilmasimna yonelik
calismalar yiiriittiigi sOylenebilir. Denekler is gilivenligi
konusunda yeterli bilgiye sahip olduklarimi diisiinse de
%74t yasanacak bir kaza varsa bu kazanin Oniine
gecilemeyecegini, kader oldugunu diistinmektedir. Oysa is
kazalar1 ve meslek hastaliklarini koruyucu kisisel ekipman,
ilk yardim bilgisi, egitim ve is organizasyonu sayesinde
onlemek mimkiindiir (Sentiirk ve Acar, 1997; Acar ve
Sentiirk, 1999; Menemencioglu, 2006).

Orman is¢iliginde kadinlar daha az istihdam edilmektedir ve
isgilerin  ¢ogunlukla ilkokul mezunu oldugu bir¢ok
calismada goriilmektedir (Acar ve Sentiirk, 1999;
Menemencioglu, 2006; Glimis ve Tiirk, 2011; Karahan ve
Giirbliz, 2014; Kagmaz, 2017). Bu calismada da orman
ig¢ilerinin ilkokul mezunu erkek bireylerden olugmasi bu
durumu desteklemektedir. Ortalama 46 yasinda ve yaklasik
ortalama 20 yildir ¢alisan orman iscileri yillar itibari ile
tecriibe kazanmaktadir. Ise yeni baslayan iscilerin yeterli
egitime sahip olmamalarindan 6nemli hammadde kayiplarini
ortaya c¢ikarmaktadir ve is kazalarini arttirmaktadir
(Menemencioglu, 2006). Orman isgilerinin zamanla tecriibe
kazanmalarindansa ise basladiklarinda Oncelikli olarak
egitim almalari ve egitimlerin diizenli olarak iilke diizeyinde
planlanmasi gerekmektedir.

Orman kaynaklar1 ile dogrudan iliski icerisinde bulunan
orman koyliisiiniin en onemli ge¢im kaynaklarindan biri
ormancilik faaliyetleridir. Saimbeyli OIM’nde calisan
ig¢ilerin hane biiyiikliigii ortalama dort kisiden olusmaktadir
ve orman is¢iliginden aylik ortalama 11.016+186,44 TL
kazanmaktadirlar. Ormanciliktan kazandigt gelir ile hanenin
diger gelir kaynaklart dahil hane toplam geliri arasinda fark
bulunmadigr gériilmektedir. Bu sonug¢ hanelerin ana gelir
kaynaginin ormancilik faaliyetleri oldugunu kanitlamaktadir.
Ayn1 zamanda iscilerin tamami da ana gelir kaynaginin
ormancilik faaliyetleri oldugunu, %80’i bir ailenin
gecinmesi i¢in kazanilan miktarin yeterli oldugunu ve uzun
yillar ¢alismanin miimkiin oldugunu diistinmektedir. Giimiis
ve Tiirk (2011)’iin Saimbeyli OIM’nii de kapsayan
calismalarinda genel olarak yangin is¢ilerinin maaslarindan
memnun olduklari, diistik bir oranda (%18,6) memnun
olmadiklart  goriilmektedir. Karasay (2018)’mn  yaptigi
¢alismada orman isgileri %88°1 1000-3000 TL arasinda gelir
saglamakta ve ormancilik igini bir meslek olarak
gormektedir. Kagmaz (2017)’in ¢alismasinda ise Kibriscik
Orman Isletme Miidiirliigii'nde ¢ahisan isgilerin %63’i
ormancilik disinda bir gelire sahip degildir. Calismalar
orman is¢iliginin hanelerin geginmesi i¢in 6nemli bir gelir
kaynagi oldugunu gostermektedir.

Not:

Bu calismanm verilerii BTU Orman Fakiiltesi, Orman
Miihendisligi Boliimii &grencisi ibrahim Degirmenci’nin
Bitirme Caligmasi kapsaminda toplanmustir.
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Ozet

Bu ¢alismada, Kastamonu ili Inebolu ilgesinde yayilis gdsteren sarigam (Pinus sylvestris L.)
mescereleri ve bitisigi tarim arazilerinde 6lii ortli miktari, toprak organik karbon (TOK) ve
toplam azot (TA) stoklar1 tizerinde farkli arazi kullanim seklinin etkisi arastirilmistir. Farkli
yaslardaki sarigam mescereleri (18- ve 30-yas) ile en az 40 yildir orman arazisinden tarim
arazisine doniistliriilmiis alanlardan 6rekleme yapilmistir. Toprak ornekleri 5 farkli toprak
derinlik kademesinden alinmis ve toprak orneklerinin pH’1, hacim agirligi, alinabilir fosfor,
yarayish potasyum, organik madde, toprak tekstiiri, TOK ve TA miktarlar1 belirlenmistir.
Toplam TOK ve TA stoklar1 ise toprak derinligi, hacim agirligi, karbon ve azot miktari
carpilarak hesaplanmigtir. Sonuglar, farkli yaslarda sarigam mescereleri ve tarim arazileri
arasinda Oli Ortli miktari, TOK ve TA stoklar1 arasinda Onemli farkliliklar oldugunu
gostermistir. Genel olarak, 30 yasindaki sarigam mesceresinde TOK stoku en diisiik
belirlenirken (86.60 t C ha), bunu sirasiyla tarim alani (93.70 t ha't), ve 18 yasindaki sarigam
mesceresi (115.0 t hal) takip etmistir. Benzer sekilde, TA stoku ise en fazla 18 yasindaki
sarigam megceresinde (7.86 t hal), en diisiik 30 yagmdaki sarigam mesceresinde (5.74 t ha')
tespit edilmistir. Tarim arazilerinde 6lii miktar1 en disiik iken, sarigam mescerelerinde yasa
bagli olarak orman katmaninda biriken 6lii Ortii miktar1 artis gostermistir. Sonug olarak, Olii
ortii miktari, TOK ve TA stoklar1 tizerinde farkli arazi kullanim durumu ile toprak derinlik
kademelerinin 6nemli derecede etkisi oldugu anlagilmistir. Bu nedenle, 6lii 6rtii miktari, TOK
ve TA stoklart ile ilgili gelecekteki arastirmalarda arazi kullanim tiirii de dikkate alinmali ve
daha detayli ¢aligsmalar yiiriitilmelidir.

Anahtar kelimeler: Olii 6rtii, organik karbon, azot stoku, arazi kullanimi, sarigam.
Abstract

In this study, the effect of different land use patterns on the amount of litter, soil organic carbon
(SOC), and total nitrogen (TN) stocks in Scots pine (Pinus sylvestris L.) stands and adjacent
agricultural lands in the Inebolu district of Kastamonu were investigated. Samplings were
carried out from Scots pine stands of different ages (18- and 30-) and agricultural lands
converted from the forest at least 40 years ago. Soil samples were taken from 5 different soil
depths and analyzed for pH, bulk density, phosphorus, potassium, texture, organic matter, and
carbon and nitrogen contents. Total SOC and TN stocks were calculated by multiplying soil
depth, bulk density, and carbon and nitrogen contents. The results showed significant
differences in the litter, SOC, and TN stocks between Scots pine and agricultural lands. In
general, the lowest SOC was found in the 30-year-old Scots pine stand (86.60 t ha-1), followed
by the agricultural land (93.70 t ha-1) and 18-year-old Scots pine stand (115.0 t ha-1).
Similarly, TA stock was highest in the 18-year-old Scots pine stand (7.86 t ha-1) and the lowest
in the 30-year-old Scots pine (5.74 t ha-1). The litter content was the lowest in agricultural
lands and increased with increasing stand age. As a result, it has been shown that different land
use types and soil depths can significantly affect litter, SOC, and TN stocks. Hence, land use
types should also be considered in the future studies to determine litter content, SOC, and TN
stocks; more detailed studies are needed.

Keywords: Litter, organic carbon, nitrogen stocks, land use, Scots pine
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1.Giris

Ormanlar, karasal ekosistemlerde vejetasyondaki karbonun
yaklagik %80-%90’1in1, orman topraklarinda ise mevcut
karbonun %30-40’1n1 depolamaktadir (Landsberg ve Gower,
1997). Karasal ekosistemlerde, arazi kullanim sekline baglt
olarak, organik karbon toprak alt1 ve toprak iistii olmak iizere
farkli kisimda depolanmaktadir. Orman topraklarinda
organik madde genellikle yillik dokiintii (cogunlukla yaprak
ya da ibreler), bitki kokleri, dogal dal budanmas1 ve toprak
organizmalarindan olusturmaktadir (Cepel, 1996). Orman
topraklarinda organik maddeyi genellikle agaclarin dokiilen
yaprak/ibre, meyve, kabuk, kozalak, meyve, tohum ve tohum
karpelleri, dal, govde gibi kisimlari teskil eder (Kantarci,
2000). Arazi kullaniminda meydana gelen degisimler, toprak
organik karbon (TOK) miktarin azalmasindaki en énemli
nedenler arasinda yer almaktadir (Tolunay ve Comez, 2007;
Sariyildiz vd., 2015).

IPCC raporuna gore (2013 yil1), antrapojen kaynakli yillik
sera gazi emisyonlarinin saliniminda; elektrik ve 1s1
iiretiminden sonra gelen, %24’liikk dilime sahip olan faktor
tarim, ormancilik ve arazi kullanim degisikligidir. FAO
(2015)’ya gore, orman arazileri son 10 yil icersinde her yil
~5.2 milyon ha azalmaktadir (Tolunay, 2015). Arazi
kullanim degisikligine bagl olarak, yilda ~0.9 milyar ton
karbon atmosfere salinmaktadir (IPCC, 2013). Ulkemizde
ormanlarin  bagka arazi kullanim sekline doniismesi
sonucunda kiimiilatif karbon kaybinin 3.33 milyon tona

ulasgtigr bildirilmistir (Tolunay, 2015). Arazi kullanim
degisikligi, TOK stokunu kontrol eden en Onemli
faktorlerden birisidir. Ciinkii bu degisiklik, organik

maddenin ayrigma siirecini ve miktarini 6nemli derecede
etkilemektedir (John vd., 2005). Ayrica bitki ortiisiiniin cinsi,
kapaliligi, miktar1 ve arazi kullanimi degisikligi topraktaki
organik karbonun ve azotun gecisini (Bolin ve Sukumar,
2000) ve toprak solunumunu biiyiikk oranda etkileyerek,
karbonun ve azotun agiga ¢ikmasina neden olmaktadir (Post
ve Kwon, 2000). Arazi kullanim degisikligi, ozellikle
topraktaki organik karbonun azalmasina ve buna bagl olarak
atmosferdeki CO, miktarinin artmasina sebep olmaktadir
(Houghton, 1999). Ayrica arazi Ortiisiiniin degismesine
neden olmaktadir (Bolin ve Sukumar, 2000). Bu nedenle
arazi kullaniminin tarihi ge¢misini bilmek, karasal karbon
depolama ve orman arazi Ortiisii degisimini belirlemede en
onemli gostergelerden biridir. Ek olarak, yapilan ¢aligmalar
gostermektedir ki; orman ve diger arazi kullanim
sekillerinde, tiim toprak katmanlarindaki organik C ile N
arasinda Onemli bir iligki bulunmaktadir (Griinzweig vd.,
2004). Ormandan tarima doniigmiis alanlarda, TOK stoku
genelde daha diisiiktiir. Baz1 bilimsel ¢aligmalar, ormandan
tarima donligmiis alanlarda organik C miktarinin azaldigini
ortaya koymustur (Poeplau vd., 2011; Bruun vd., 2015; Deng
vd., 2016; Soleimani vd., 2019). Arazi kullanim degisikligi
sonucunda, topraktaki azot kaybi, karbon kaybina kiyasla
daha disik orandadir (%34). Bu durumda boreal
ormanlarinin siirekli tarim arazisine doniismesi sonucunda,
kiiresel olarak 1sinmanin artmasiyla karasal ekosistemde
~%>51 oraninda karbon kaybi1 yasanmasi s6z konusudur
(Griinzweig vd., 2004).

Bu c¢alismada birbirine bitigsik farkli arazi kullanim
durumundaki; gen¢ sarigam mescerelerinin ¢ ve tarim
arazisinin, toprak yiizeyi 6lii 6rtii, TOK ve toplam azot (TA)
stoklar1 iizerindeki etkisinin ortaya konulmasi amaglanmustir.
Bunun i¢in 18 ve 30 yaslarinda saricam mescereleri ile
bitisiginde yer alan tarim topraklarinda calisma yiiritiilmiis
ve 0-5 cm, 5- 10 cm, 10-15 cm, 15-20 cm ve 20-30 cm
olmak tizere 5 farkh toprak derinlik kademesinin pH, hacim
agirligl, yarayish potasyum, almabilir fosfor, organik madde,
toprak tekstiiri, TOK, TA miktarlar1 ve stoklar
belirlenmistir.

2. Materyal ve Yontem

2.1. Calisma alanlarinin genel tanim ve 6rnekleme

Bu ¢alisma, Kastamonu iline 80 km uzaklikta ve cografi
bolge olarak Karadeniz Bolgesi’nin Bati  Karadeniz
Bolimii’nde 41°51' 23" kuzey enlemleri ile 33° 45' 36" dogu
boylamlar1 arasinda yer alan Inebolu ilge sinirlari icinde
gerceklestirilmistir  (Sekil 1). Caligma alan1  ortalama
yiikseltisi 1030 m, kuzeydogu bakil1 ve ortalama egimi %20
ila %30 arasinda degismektedir.

Calisma alanin iklimi ise; ¢aligma alanina ortalama yillik
1551 mm yagis diismekte ve ortalama sicaklik 9.3°C’dir
(DM, 2016). Thornthwaite ydntemine gore, calisma alani
¢ok nemli, orta sicaklikta, su noksani olmayan, denizsel
iklimine sahiptir (Thornthwaite, 1948). 1/250 000 ol¢ekli
Akbag vd. (2011) tarafindan hazirlanmis jeoloji haritasina
gore, saricam mescereleri ile bitisigindeki tarim alanlar sist
kayaclart ihtiva etmektedir. Bu tiir anayakalarin topraklari,
baz doygunlugu %50’den az ve killi B horizonuna sahip
topraklardir (Atalay, 2006). Calisma alaninin topraklari,
IUSS Calisma Gruplar1 (2014) raporlarina gore, Akrisol
topraklardir ve genellikle kil bakimindan zengindir (FAO,
1998). Organik katmaninda bulunan humus tipi, ¢lrlntild
humus formundadir. Tirkiye'deki sarigam agaglari, toplam
orman Ortiistiniin % 6.15’ini olusturan 1.410.177 hektarlik
bir yiizey alanma dagilmistir (OGM, 2020). Ozellikle ekili
olmayan Tarim-1 arazisinde kusburnu (Rosa canina L.),
yabani erik (Prunus divaricata var. divaricata) ve otsu
bitkiler hakimdir.

Caligma alaninda farkli yas grubuna sahip sarigam (18 ve 30
yasinda) mescereleri ile bitisigindeki orman arazisinden
acilarak en az 40 yildir tarim alani olarak kullanildig: bilinen
sahadan Ornek alanlar segilmistir. Her sarigam mescere yas
sinifinda ve tarim arazisinde 20 x 20 m=400 m? olusturulan
deneme alanlarina ait koordinat, egim, baki ve ytkselti
Olclilmistlir. Ayrica her deneme alanmi altindan 50 cm x 50
cm (0.25 m?) olacak sekilde 3 tekrarli ve rastgele mineral
toprak tizerindeki olii ortlii 6rneklemesi yapilmistir. Deneme
alan1 igerisinde bulunan sarigam agaglarinin ortalama yasi ve
cap1 Olglilmiistiir. Ortalama agag¢ yasini hesaplamada en az 3
agactan olacak sekilde artim burgusu kullanilmis; agaclarin
goglis yiizeyindeki (dizo) capr ise kumpas yardimiyla
belirlenmistir.

Toprak 6rneklemesi, farkli yastaki sarigam mescereleri (Csis
ve Csazo) ile tarim arazilerinden (Tarim-1 ve Tarim-2) dogal
yapist bozulmamis ve bozulmus olacak sekilde yapilmustir.

20



SAVACI, SARIYILDIZ / Agag ve Orman, 4(1), 19-26.

Bozulmamis toprak 6rnekleri, bes farkli toprak derinliginden
(0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm ve 20-30 cm) silindir

Aragtirma Alanlarinin Tiirkiye Haritasindaki Konumu

yardimiyla alinmistir ve 2 tekrarl yapilmigtir.

[ ] Turkie ller

Kienetrs
@0

¢ arastirma_alan_nokta

Sekil 1. Calisma alanin Tiirkiye haritasindaki yeri ve konumu.
Figure 1. Location of the study field on the map of Tiirkiye

2.2. Olii ortii ve topraklarda analizler

Farkli arazi kullanim sekli altindaki 6li ortli ornekleri
laboratuvara getirilmis ve etiivde 70°C sicaklikta sabit
agirhga ulasincaya kadar kurutulmustur. Olii  ortii
orneklerinin yas ve kuru agirliklart arasindaki farktan elde
edilen nem degerleri kullanilarak toprak {istiindeki olii
ortiiniin  kuru agirliklar1 belirlenmis ve hektara cevirme
katsayis1 (25) ile carpilarak t ha? biriminde olii 6rtii miktar1
hesaplanmistir (Makineci, 1999).

Toprak orneklerinde pH 1:2.5 toprak-+distile su ¢ozeltisinde
pH metre ile dlglilmistir (Jackson, 1962). Topragin hacim
agirhigy; topragin firin kurusu agirliginin silindir 6rneginin
hacmine oranmi ile hesaplanmistir (Blake ve Hartge, 1986).
Topraklarda fosfor tayini, Bray ve Kurtz (1945) yontemine
gore ekstrakte edilerek ve spektrofotometrede belirlenmistir.
Toprakta amonyum asetat ile ekstrakte edilebilir yarayislt
potasyum miktart belirlenmistir (Knudsen vd., 1982;
Thomas, 1982). Topraklarin organik madde miktari, Walkley
ve Black (1934) yontemine gore yapilmistir. Toprak tekstiirii
(kil toz ve kum), Bouyoucos’un (1962) Hidrometre
yontemine gore yapilmistir. Toprak 6rneklerinde azot (N) ve
karbon (C) miktari; kuru yakma yontemine gore Kastamonu
Universitesi Merkezi Arastirma Laboratuvarinda bulunan
Eurovector markali cihazda CNH-S elemental analiz
yontemiyle tayin edilmigtir. TOK ve TA stoklari, toprak
kiitlesi, hacim agirlig1 ve toplam karbon veya azot miktarlar
dikkate alinarak hesaplanmistir (Lee vd., 2009). Her bir
toprak derinlik kademesinin toprak kiitlesi; hacim agirligi ve
doniisiim katsayilart ¢arpilmis ve asagidaki Denklem 1’e
gore hesaplanmistir.

Toprak Kiitlesi (Tki) (t hat)= (HA xTi x 10%) (Denklem 1)
Bu denklemde;

HA: hacim agirhigi, Tki: i toprak derinligi (m) ve 10% ise
déniisiim katsayis1 (m? ha).

TOK veya TA miktar1 ise Denklem 2’ye gore hesaplanmustir.

TOK & TA stoku: %TOK & %TA x Tki (t ha') (Denklem
2)

Bu denklemde;

TKi, 1 toprak derinliginde kuru topragin kiitlesidir (Sariyildiz
vd., 2015).

2.3. istatistiksel analizler

Farkli yaglardaki sarigam mescereleri ile tarim arazilerinin
toprak ozellikleri, TOK ve TA stoklarinin
kargilagtirtlmasinda varyans analizi kullanilmistir. Varyans
analizi sonucunda karsilagtirillmis  gruplar  arasindaki
farkliliklar Tukey’s testi ile analiz edilmistir. Istatistiksel
analizler, IBM SPSS programi kullanilarak elde edilmistir.

3. Bulgular

3.1. Mescere ve toprak ozellikleri

Farkli yaslardaki saricam tiirlerine ait mescere Ozellikleri
Cizelge 1’de gosterilmektedir. Bununla birlikte tarim ve
saricam mescereleri altindaki bazi1 toprak oOzellikleri de
Cizelge 2’de verilmistir. Saricam mescere yaslarinin
artmasina bagl olarak ortalama ¢ap ve boylar1 artmaktadir.
Farkl1 yaslardaki saricam mescere kapaliligi ayni olup, %41-
%70 arasinda degismektedir (Cizelge 1).
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Cizelge 1. Saricam mescerelerine ait silvikiiltiirel 6zellikler.
Table 1. Silvicultural characteristics of Scoth pine stands

Mescere Yasi Calisma Ortalama Cap Mescere Kapalilig
(y1l) Alam (cm) (%)
18 Inebolu 135 41-70
30 Inebolu 315 41-70

0-30 cm derinlik kademesinde bazi toprak &zellikleri arazi
kullanim sekilleri (orman ve tarim) arasinda onemli bir
farklilik gostermistir (Cizelge 2). En yiiksek pH (6.61),
fosfor (10.02 kg/da), organik madde (%3.39) ve kum miktar1
(%47.67) Tarim-1 topraklarinda, en yiiksek hacim agirhigi
(1.72 g cm®) ve yarayish potasyum konsantrasyonu (46.29
kg/da) 30 yasindaki sarigam mescereleri altindaki topraklarda

tespit edilmistir. Tezat olarak, en diisik pH (4.90), fosfor
(2.00 kg/da) ve kum miktari (%29.99) Tarim-2 topraklarinda,
en diisiik hacim agirhigi ise 1.50 g cm™ ile 18 yasindaki
saricam topraklarinda belirlenmistir (Cizelge 2). Orman
altindaki topraklar genellikle killi balgik olup, Tarim-2
arazisinde killi topraklar ve Tarim-1 arazisinde kumlu killi
topraklar hakimdir.

Cizelge 2. Caligma alanlarina ait bazi toprak 6zellikleri (30 cm toprak derinligi).
Table 2. Some soil characteristics of study fields (Soil depth of 30 cm).

Arazi pH H.acmj P K Organik Kum Toz Kil Toprak
Kullanim (H20) Z‘;‘Crrln'%‘) (kg/da)  (kg/da) ?f/s)dde (%) (%) (%)  Tiri
Tarim-1 6.61d 1.55b 10.02d 33.0a 3.39c 47.67d 16.8la 35.52b  Kumlu Kil
Tarim-2 4.90a 1.56¢ 2.00a 41.34c 3.39c 29.99a 28.3% 41.62d Kil
Orman (Cs1s) 5.58b 1.50a 2.86b 38.04b 3.15b 31.24b  33.12d 35.64c Killi Balgik
Orman (Cs30) 5.65¢ 1.72d 2.92c 46.29d 2.90a 40.75¢  30.45c 28.8a Killi Balgik
*Farkl kiigiik harfler arasinda istatistiksel agidan 6nemli bir fark vardir (p<0.05)
3.2. Farkh arazi kullamm sekilleri altindaki oli ortii 3.3, Toprak Organik Karbon ve Toplam Azot

miktariin degisimi

Genel olarak, farkli yaglardaki sarigam ve tarim alanlarindaki
Oli ortli miktarlar1 Sekil 2°de verilmistir. Tarim alanlarinda
olii ortii miktar: 1.51 ton ha™t ile en diisiiktiir; bunu sirastyla
18 yasindaki sarigam mescereleri (1.75 ton ha) ve en
yiiksek deger ile 30 yasindaki saricam mescereleri (6.5 ton
hal) takip etmistir. Mescere yasinin artmasina bagli olarak
orman katmaninda biriken 61ii 6rtii miktar: artig gostermistir.

‘? .

6 4

Olii Ortii Miktar (ton ha™)

0 .

Tarm

T T
Cs 18
Arazi Kullamm Sekli
Sekil 2. Farkli arazi kullanim durumuna gore 6lii 6rtii miktarinin
degisimi.

Cs 30

Figure 2. Variation in amount of the litter according to different
land use conditions

Miktarlarinin Degisimi

Ortalama TOK ve TA miktarlar1 farkli arazi kullanim sekli
ve toprak derinliklerine gore Cizelge 3’°te verilmistir. Toprak
organik karbon stoklari, toprak derinliklerine bagli olarak
artan-azalan ya da azalan-artan bir sekilde egilim
gostermistir ve aralarinda istatistiksel olarak anlamli bir
farklilik bulunmaktadir. 18 yasindaki saricam mescereleri
altindaki topraklarda (%4.56) ve tarim topraklarinda (%4.52)
en fazla organik karbon miktari, topragin ilk 5 cm’lik
kisminda iken, en disiik organik karbon miktar1 20-30 cm
toprak derinlik kademesinde sirasiyla %2.2 ve %2.3 olarak
bulunmustur  (Cizelge 3). 30 yasindaki sarigam
mescerelerinin topraklarinda organik karbon miktari en fazla
5-10 cm (%3.19), 15-20 cm (%3.14) ile 20-30 cm (%3.5)
toprak derinlik kademelerinde birikmistir. Her ii¢ alanda da
ortalama 0-30 cm toprak derinliginde, organik karbon
miktarlart hemen hemen ayni1 miktara sahiptirler (Cizelge 3).

TA miktarinda ise, toprak derinliklerine bagh olarak 6nemli
bir sekilde anlamli istatistiksel farklilik bulunmaktadir
(Cizelge 3). En yiiksek TA stoku, 0-5 cm derinlikteki 18
yasindaki sarigam mescereleri altindaki topraklarda (%0.31)
ve tarim topraklarinda (%0.32) iken, en diisiik TA stokuna
20-30 cm derinlikteki 18 yasindaki sarigam mescereleri
(%0.14) ile tarim topraklarinda (%0.2) rastlanilmistir. Her {i¢
alanda da ortalama 0-30 cm toprak derinliginde, TA
miktarlar1 hemen hemen ayn1 degerdedir (Cizelge 3).
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Cizelge 3. Farkli arazi kullanim sekli ve farkli toprak derinliklerindeki organik karbon ve toplam azot miktarlar.
Table 3. Amount of organic carbon and total nitrogen in different land use patterns and different soil depths

i [0)
Arazi Toprak Organik Karbon (%)

Toplam Azot (%)

Kullamim 05 510 1045 1520 2030 Men 05 510 1015 1520 2030

Sekli cm cm cm cm cm 0-30cm cm cm cm cm cm cm
Orman (Csus) 4.56n  2.6f 2.38d 2.74g 2.2b 29 0.31g 047c 045b 0.23f 0.;4 0.2
Orman (Csso) 2.8h  3.19k 199a 3.14j 35l 2.92 0.2d 0.23f 0417c 022 0.52 0.21
Tarim 4.52m  2.981 2.76g 2.42e 2.3c 299 0.32h 0.23f 0.23f 022 0.2d 0.24

*Farkl kiigiik harfler arasinda istatistiksel agidan 6nemli bir fark vardir (p<0.05)

3.4. Toprak organik karbon ve toplam azot stoklarinin
degisimi
Farkli toprak derinlik kademelerinde ve arazi kullanim
sekillerine gore, ortalama TOK ve TA stoklar1 Sekil 3’te
verilmistir. Toprak organik karbon stoklari, toprak
derinliklerine bagli olarak artan-azalan bir sekilde egilim
gostermistir (30 yasindaki saricam mesgceresi  haric).
Ortalama 0-30 cm derinlikteki topraklarda en fazla organik
karbon 18 yasindaki sarigam mescerelerinde (115 ton C ha')
tespit edilmis, bunu sirastyla tarim arazileri (93.7 ton C ha™)
izlemis ve en disiik organik karbonun 30 yasindaki sarigcam
mesceresi topraklarinda (86.6 ton C ha'l) depolandig
goriilmiistiir. 18 yasindaki saricam mesceresinin ilk 5 cm
derinliginde en fazla organik karbon (31.2 ton C ha™)
depolanirken, 30 yasindaki sarigam mesceresi topraklarinda
en disik organik karbon stoku (8.4 ton C hal)
140 2 ®20-30cm “15-20cm  + 10-15 cm
120 | =5-10cm =0-5cm
100 ~
80 -
60 -
40 -

20 A

Organik Karbon Stoku (t hal)

Orman Tarim

(Cs18)

Arazi Kullamm Sekli

bulunmaktadir (Sekil 3a). Bunun yani sira, 20-30 cm toprak
derinliginde en fazla organik karbon stoku 30 yasindaki
sarigam mescereleri (45.1 ton C ha) ile tarim topraklarinda
(26.9 ton C ha') depolanmustir (Sekil 3a).

TA stoklar1 ilk 5 cm toprak derinliginde, en yiiksek 18
yasindaki saricam mescereleri altindaki topraklardadir (2.1
ton N ha?). 20-30 cm toprak derinligindeki tarim arazileri
(2.34 ton N ha?l) ve 30 yasindaki saricam mescereleri
altindaki topraklarda (2.83 ton N hal) en yiiksek TA
stoklarina rastlanilmistir (Sekil 3b). Genel olarak, ortalama
0-30 cm toprak derinlik kademesinde en yiiksek TA stoku 18
yasindaki saricam mescereleri altindaki topraklarda tespit
edilmis (7.86 ton N ha) ve bunu sirasiyla tarim topraklari
(7.39 ton N ha) ve en diisiik olarak da 30 yasindaki sarigam
mescereleri altindaki topraklar (5.74 ton N ha?) takip
etmistir (Sekil 3b).
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Sekil 3. Farkli arazi kullanim sekilleri altindaki TOK (a) ve TA (b) stoklarinin derinlige baglh olarak degigimi.
Figure 3. Variation in SOC (a) and TN (b) stocks depending on depth under different land use patterns

4. Tartisma ve Sonug

Burada sunulan c¢aligmanin sonuglari, sarigam (Pinus
sylvestris L.) mescereleri ile tarim arazisi altindaki 6li orti,
toprak oOzellikleri, TOK ve TA stoklari iizerinde arazi
kullanim seklinin ve toprak derinliginin énemli bir etkisinin
oldugunu ortaya koymustur. Bununla birlikte saricam
mescerelerinin yasina bagl olarak artma-azalma seklinde
dalgalanmalar gosterebildigi goriilmektedir.

Genel olarak, farkli arazi kullanim durumu (tarim ve orman)
altinda baz1 toprak 6zelliklerininin énemli 6l¢iide farkliliklar
gosterdigi  tespit edilmigtir. Tarim-1 arazisinde pH,
potasyum, organik madde miktarinin en yiiksek degerde
olmasinda, iizerinde yetisen kugburnu (Rosa canina L.),

yabani erik (Prunus divaricata var. divaricata) gibi farkli
calilar ve meyve agaglari ile otsu legume bitkilerinin etkisi
oldugu disiiniilmektedir. Bununla birlikte mescere yasina
baglt olarak, saricam altindaki toprak ozelliklerinde 6nemli
derecede farkliliklar go6zlemlenmistir. Yani toprak pH
degerleri sarigam agaglarinda yasa bagli olarak artis
gostermistir. Orta ya da olgun yaslardaki agaclarin
topraklarinda pH’in yiiksek olmasinda hem pedojenik hem
de besin emiliminin fazla olmasi etkili olmaktadir (de
Moraes vd., 1996). Topraklarda aliiminyum ¢6kmesine bagh
olarak, hidrojen+aliiminyum azalmasina neden olan karbonat
girdisinin artis1 topraklarda pH degerini yiikseltmektedir
(Perin vd., 2003). Sarigam tiirlerinde mescere yasinin
artmasiyla kum miktarinda bir artig gézlemlenirken; toz ve
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kil miktarlarinda ise bir azalma gdzlemlenmistir. 30
yasindaki sarigam mescereleri altindaki topraklarda organik
madde miktarinin diigiik olmasinda toprak yiizeyine dokiilen
igne yaprak dokiilmesinden ziyade dal dokiilmesinin fazla
olmasi1 ve buna bagl olarak Olii Ortii ayrismasinin yavas
olmasi etkili olabilir. Bununla birlikte 30 yasindaki sarigam
mescere topraklarinda diigiik kil igerigine sahip olmasi
(%28.8) hacim agirliginin artmasina neden olabilir. Benzer
sekilde Koolen ve Kuipers (1983), kumlu topraklarda yiiksek
hacim agirhgmi  mikro  gozeneklerin  olmamasi ile
aciklamustir.

Mineral {ist toprak yilizeyinde biriken Olii ortii miktari, ayni
yetisme ortaminda bulunan sarigam mescereleri igin yasa
bagli olarak (18 ve 30 yaslarinda) artma egilimi gdstermistir
ve en diisiik tarim topraklari lizerinde 6li Ortii birikmistir
(Sekil 2). Tarim topraklarinda 6lii Ortii miktarinin diisiik
olmasinda, tarim bitkilerinin artiklarinin etkisi olabilir.
Genellikle orman topraklarinda organik madde birikimi
fazladir (Murty vd., 2002). Benzer sekilde, Augusto vd.
(2010) ile Diaz-Pinés vd. (2011) calismalarinda orman
topraklarinda organik madde birikiminin fazla oldugunu
belirtmiglerdir. Albrektson (1988) ¢alismasinda sarigam
(Pinus sylvestris L.) mescerelerinde, Ranger vd. (2003)
Duglas (Pseudotsuga menziesii (Mirb) Franco) mescereleri
altindaki 6lii ortli miktarinin, artan mescere yasiyla birlikte
azaldigimi belirtmislerdir. Ancak, Cepel vd. (1988) Pinus
brutia mesceresinde ve Kohler vd. (2008) Quercus
kopeyensis mescereleri altinda Olii Ortii miktariin orta
mescere gelisme ¢aginda en yiiksek oldugunu bildirmislerdir.
Calismamizda mescere yasi ile birlikte orman Oli Ortii
miktarinda 6nemli bir artig gdzlemlenmistir (Sekil 2). Orta ve
gen¢ mescereler arasinda toprak yiizeyindeki orman altt 61i
orti  miktarindaki farkin nedeni, pek ¢ok c¢alismada
gosterildigi gibi, 6lii orti diisen malzemedeki varyasyona
baglanabilir. Ornegin, mescerede erken yaslarda toprak
yiizeyine diigen 6li ortii miktarinda ¢cogunlukla igne yaprak
dokiilmesi daha etkili olurken, daha sonrasinda dal ya da
stirgiinler daha baskin olmaktadir (Binkley, 1986). Bunun
yani sira, toprak organizmalarmin Olimii, bitki kokleri,
mikroorganizmalarin  besin  kaynagi sirasinda  agiga
cikardiklart solunum olaylart da toprak organik maddesini
ihtiva etmektedir.

18 yasinda saricam mescereleri altindaki topraklarda TOK
stoklar1 en yiiksek iken, 30 yasinda ise en disiiktiir. Bunun
aksine, Tahmaz (2016) ¢alismalarinda yasli ormanlara
miidahalenin daha az olmasi nedeniyle topraklarda C’nun
zaman icerisinde birikmesinden kaynakli yash agac altindaki
topraklarda daha fazla TOK depolandigim1 belirtmistir.
Sarigam mescerelerine bitisik olan ve tarimsal amacglh
kullanilan arazilerde ortalama TOK (93.70 t C ha') TA (2.34
t N ha?) stoklar1 genel toplamda (0-30 cm), 18 yasindaki
saricam mescerelerinden daha diisiik ve 30 yasindaki sarigam
mescere topraklarindan daha yiiksek bulunmustur. Ozellikle
Tarim-2 topraklarmin oldukga killi olmasi, tiim tarim
topraklarinda organik maddenin fazla olmasi, 30 yasindaki
saricam mescereleri altinda daha ¢ok dal ve siirglin olii
ortistinin ~ dokiilmiis  olmasmin  etkili  olabilecegi
digiiniilmektedir. Benzer sekilde, Desjardins vd. (2004) ile
Walker ve Desanker (2004) killi topraklarin kumlu

topraklara kiyasla, toprakta karbonu ii¢ kati daha fazla
bulundurdugunu belirtmislerdir. Yani topraklarda karbonun
artmasi, dogrusal bir sekilde kil miktarimin artmasina
baglanabilir. Bu durum karbonun kil yiizeyindeki kiigiik
gozeneklerde tutulmasindan kaynaklanmaktadir (Paul, 1984).
Mescere yasma bagli olarak, TOK ve TA miktar1 ile
stoklarinda farklilik goriilmesi ve bu farkliligin artig yoniinde
oldugu bircok bilimsel calismada da ifade edilmistir
(Erickson vd., 2001; Rhoades vd., 2000). TOK stoklar1
iizerinde iklim, kil miktari, arazi kullanim degisikligi,
ormancilik yonetim uygulamalar1 gibi faktorler etkili
olmaktadir (Neill vd., 1997a; Parfitt vd., 1997; Fearnside ve
Barbosa, 1998; Jobbagy ve Jackson, 2000). Ulkemizde,
sarigam (Pinus sylvestris L.) tiiriinin TOK stoklart Cepel
(1977), Tolunay (1992) ve Giiner (2006) tarafindan 18.3 t C
ha'l ila 448 t C ha! arasinda bulunmus ve bizim
calismamizda da sarigam mescerelerinde TOK stoklari, diger
caligmalarla ifade edilen aralik band1 arasinda bulunmustur.

Sarigam mescerelerinde ise geng yasta (18 yasinda) en
yiiksek TOK stoklar1 tespit edilirken, bunu sirasiyla tarim
topraklari izlemis ve 30 yasinda sarigam mescerelerinde en
diisiik olarak belirlenmistir. Bu durum, farkli arazi kullanim
durumu altindaki topraklarda yiliksek organik madde, yiiksek
kil icerigi ve diisik hacim agirligina sahip olmasi, TA
stoklar1 {izerinde olumlu bir yonde etkisi olabilir. McGrath
vd., (2001) calismasinda topraktaki karbon, azot ve fosfor
iceriginin kil miktariyla giiglii  bir iligkisi oldugunu
belirtmistir. Orman topraklarinda en yiiksek net N
mineralizasyonu; ince biinyeli topraklarda ve organik
maddenin yiiksek olmasina bagli olarak degismektedir (Neill
vd., 1997b). Bu calismada TOK miktari, genellikle toprak
derinliginin artmasina bagli olarak azalmaktadir. Duran
Zuazo vd. (2014) sarigam altindaki topraklarda TOK
miktarmin toprak derinligine bagli olarak azaldigimm
belirtmislerdir. Igne yaprakli aga¢ tiirleri altindaki
topraklarda C ve N stoklar1 en fazladir ve 6zellikle sarigam
ve halep ¢amu tiirleri i¢in gok fazla ibre (6lii 6rtii) dokiilmesi
ve birikmesinin etkili oldugu sdylenebilir (Johnson ve Curtis,
2001).

Calisma sonuglar1 ozellikle toprak derinligi, farkli arazi
kullanim durumu ve mescere yasina bagli olarak toprak
ozelliklerinin (toprak tekstiirii, hacim agirligi), TOK ve TA
stoklarinin degisiklik gostermesinde onemli rol oynadigini
gostermistir. Orman topraklarinda TOK ve TA stoklari,
toprak ylizeyinde ve toprak igerisindeki organik madde
miktar1 ile yakindan iligkilidir. Orman ekosistemlerindeki
organik madde miktar1 ve kalitesi beseri faktorlere ve dogal
olarak gelisen ekolojik faktorlere bagli olarak degiskenlik
gostermektedir. Bu nedenle, orman ekosistemleri TOK ve
TA stoklart agisindan 6nem arzetmekte ve orman arazilerinin
artirlmasi, TOK ve TA stokunun arttirilmasiyla,
atmosferdeki CO; konsantrasyonlarini azaltmak i¢in etkili bir
yol olarak gortilmektedir.
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Abstract

Forestry practices may cause significant changes in soil characteristics related to their properties and
size. However, chemical attributes of the soil respond to the applications in the mid- or long-term
while changes in soil respiration can react rapidly to forestry practices. Therefore, determining
changes in soil attributes is needed to identify how the management practices would affect forest
ecosystem function. Although there is much information on the effect of thinning practices on tree
growth, there is a lack of knowledge on the impacts of pre-commercial thinning on soil properties,
especially soil respiration. We aimed to determine pre-commercial thinning effects on some soil
attributes in black pine sites. Four treatments with different intensities were applied to the stands
studied. These practices were control (no pre-commercial thinning), 2000 (heavy), 4000 (moderate),
and 6000 (light) individuals per hectare left. Measurements of soil respiration and soil temperature
were carried out between 2014 and 2017 in the spring, summer, autumn, and winter months. Soil
characteristics, including pH, organic matter, nitrogen, and phosphor content, were measured just after
and three years after the thinning. As a result, thinning increased soil respiration rate and soil
temperature while decreasing soil pH values. Results of the study showed that carbon balance in the
ecosystem was significantly affected by thinnings, and adjusting the thinning intensity may be an
efficient carbon management tool for reducing carbon emissions from the soil.

Key words: Carbon dioxide, emission, thinning, organic matter, nitrogen, phosphor.

Ozet

Ormanlarda gergeklestirilen teknik miidahaleler, Gzelliklerine ve boyutlarma bagl olarak toprak
ozelliklerinde 6nemli degisikliklere neden olabilmektedir. Topragin kimyasal 6zellikleri yapilan
uygulamalara daha uzun siirede tepki gosterirken toprak solunumundaki degisim daha belirgin ve kisa
stirede goriilebilmektedir. Bu sebeple orman yonetim uygulamalarinin orman ekosisteminin islevlerini
nasil etkilediginin ortaya konulmasi igin toprak 6zelliklerindeki degisimin belirlenmesi gerekmektedir.
Sozii edilen teknik miidahalelerden bakim kesimlerinin aga¢ biiyilimesi iizerine etkisi konusunda ¢ok
fazla bilgi olmasina ragmen, toprak parametreleri, 6zellikle toprak solunumu iizerindeki etkileri
hakkinda bilgiler kisithdir. Bu ¢alisma ile karagam ormanlarinda ayiklama kesimlerinin toprak
ozellikleri tizerindeki etkilerinin belirlenmesi amaclanmis, 4 farkli siddette ayiklama miidahalesi
yapilmustir. Bu miidahaleler sirasiyla kontrol (kesim yok), 2000 (kuvvetli), 4000 (orta) ve 6000 (zay1f)
fert ha! kalacak sekilde uygulanmigtir. 2014-2017 yillar1 arasinda érnekleme yapilmis ve ilkbahar,
yaz, sonbahar ve kis aylarinda her parselde toprak solunumu ve toprak sicakligi i¢in 9 Olgiim
yapilmustir. Toprak 6zelliklerinden pH, organik madde, azot ve fosfor icerikleri ayiklamadan hemen
sonra ve 3 yil sonra dl¢iilmiistir. Calisma sonucunda ayiklama kesiminin toprak solunumunu (Rs) ve
toprak sicakligini arttirdigi, pH degerlerini ise azalttigi belirlenmistir. Calisma sonuglari orman
ekosistemindeki karbon bilangosunun ayiklama kesimlerinden etkilendigini ve topraktan meydana
gelen karbon emisyonunun azaltilmasinda ayiklama siddetinin ayarlanmasinin karbon yonetimi icin
6nemli bir arag olabilecegini gostermektedir.

Anahtar kelimeler: Karbon dioksit, emisyon, siklik bakimi, organik madde, azot, fosfor.
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1. Introduction

Soil respiration (Rs) is one of the main sources which emits
CO, to the atmosphere and is responsible for 25% of global
CO, emissions (Schimel, 1995). Rs, which includes
autotrophic and heterotrophic components and plays an
essential role in the global carbon cycle (Schlesinger and
Andrews, 2000), is the integrated result of underground
processes and has been widely used to assess the effects of
contribution to soil carbon pools (Keith et al., 1997;
Concilio et al., 2005). Respiration of microorganisms, also
called basal respiration, and plant roots living in the soil and
the decomposition of organic substances cause the soil air to
be enriched with CO, (Kantarci, 2000). Rs is the release of
carbon dioxide from plant roots and microbial activities into
the atmosphere by changing under temporal and spatial
factors (Akburak and Makineci, 2013). In many studies, the
effects of soil environmental variables such as soil
temperature and moisture, texture, pH, total carbon, and
total nitrogen on soil CO. output have been well
documented (Gough and Seiler, 2004). However, the effects
of silvicultural treatments, such as thinning, are poorly
understood.

Silvicultural interventions can significantly affect the forest
ecosystem, changing the matter and energy flows.
Therefore, Rs can be a valuable indicator of how forest
management and practices affect forest ecosystem function
(Bolat, 2019). Silvicultural thinnings increase throughfall,
light, and temperature, affecting nutrient cycling in the
forest ecosystem (Tolunay, 2003).

Rs rate varies among ecosystems and is often the dominant
component of ecosystem respiration (Raich and Schlesinger,
1992). However, in arid and semi-arid ecosystems, it has
been studied much less than in other ecosystems (Raich and
Potter, 1995; Subke et al., 2006; Bond-Lamberty and
Thomson, 2010), and therefore temporal and spatial Rs
differences in these regions are less known. Irregular and
low precipitation in arid and semi-arid regions has
significant effects on Rs concerning seasonal and
autotrophic-heterotrophic  ecosystem processes, causing
fluctuations in CO; release from soil to the atmosphere
(Davidson et al., 1998; Rey et al., 2002, 2005; Jarvis et al.,
2007). Other characteristics of arid and semi-arid regions
are the wide spatial diversity and irregular distribution of
resources,  environmental  conditions,  roots, and
microorganisms responsible for the decomposition of
organic matter. All soil properties, such as rock fragments,
earthworms, other micro and macro fauna, and biological
residues, have significant effects on carbon dynamics (Rey
etal., 2011).

The effects of tree harvesting from the ecosystem on Rs are
inconsistent in the literature. Many authors reported that Rs
increased as a result of thinning (Kaye and Hart, 1998; Selig
and Seiler, 2004; Selmants et al., 2008), while others stated
that it decreased (Kaye and Hart, 1998; Tang et al., 2005), or
does not change (Toland and Zak, 1994). The inconsistency
in Rs’s response to thinning may be due to the nonsteady-
state conditions of autotrophic and heterotrophic

components (Yuste et al., 2007). For example, Rs may be
decreased by thinning due to the death of respiratory tree
roots (Pypker and Fredeen, 2003; Tang et al., 2005;
Wiseman and Seiler, 2004) or increased with the rapid
breakdown of these roots by soil microorganisms (Yuste et
al., 2007) as well as the rapid root growth of new plants
(Campbell et al., 2009). The decrease of stand density by
thinning can affect the decomposition rate of organic matter
and plant debris (Zhang and Zak, 1995, 1998) via changes in
the microclimate conditions (Pang et al., 2013).

Massive carbon exchange occurs between terrestrial
ecosystems and the atmosphere. Forests can mainly serve as
pools for anthropogenic CO, emissions (Schimel, 1995).
Much extensive research has been attempting to understand
the carbon cycle and come up with the rising CO; level of
the atmosphere. Several experiments on free-air CO;
enrichment have been carried out over a wide range of
ecosystems for more than 20 years. These researchers
reported the increase in the carbon distribution in the
underground depends on fine root growth (Matamala and
Schlesinger, 2000; Zak et al., 2000), the increase in soil
carbon inputs (Lichter et al., 2008), and the increase in Rs
(Pregitzer et al., 2008).

Carbon accumulation in forest soils can potentially balance
the CO; concentration in the atmosphere. Soil organic
carbon typically represents 50% of the total ecosystem
carbon in forests (IPCC, 2001) and, in some cases, reaches
three times the carbon stored above ground (Eswaran et al.,
1993). As a result, soil organic carbon plays a crucial role
in the natural global carbon cycle.

In this study, the effects of pre-commercial thinning on Rs
and some soil attributes were investigated, and pre-
commercial thinnings of different intensities were
hypothesized to affect soil differently.

2. Material and Method

This study was conducted in a black pine stand, which was
in the sapling stage with a mean diameter of 4 cm and a
mean height of 3 m in 2014 in Kiitahya province of Turkey
(39°23'24"-39°23'40"N; 29°03'40"- 29°03'58"E), and with an
altitude of 1240 m and an average slope of 25%. The aspect
of the study area is north. The study area has a continental
climate, with hot, dry summers and cold, wet winters. It
receives an annual average of 820 mm of precipitation,
according to the data of the nearest meteorology station in
Simav-Kiitahya. The mean temperature ranges from 2.4 °C
in the winter to 21.8 °C in the summer (Table 1). Soil is a
non-calcerous luvisol, according to IUSS Working Group
WRB (2015), which developed from granite with well-
drained, moderately deep sandy loam and loamy sand (Table
2) and covered by mull-type humus.

The dimensions of the plots were 10x10 m and 15x15 m,
including a minimum of 40 individuals, with a 5 m buffer
zone. The measurements were conducted on 12 plots with
(4 treatments x 3 replications). The treatments included
control (no thinning), 2000 (heavy), 4000 (moderate), and
6000 (light) individuals left per hectare, respectively. Field
measurements and sample collection were carried out
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between 2014 and 2017, in 3-6 months interval, due to the
restriction of reaching the study site by snow cover. During
the data collection campaign, a portable thermometer was
used to measure soil temperature (Ts) in 10 cm soil depth.

Soil samples were collected to determine the soil properties
from the Ah and Ael horizons of the soil profile by a steel
cylinder with a 100 cm? in volume. Particle size distribution
of the soil was determined by the hydrometer method, EC,
and pH by the electrometric method by an EC meter and pH
meter following the standards of TS ISO 11265 and TS I1SO
10390, respectively. The organic carbon content of the soil
was determined by Walkley-Black wet digestion method,
organic matter content was calculated by multiplying

organic carbon by 1.72, while nitrogen was by Kjeldahl
using a TekaFos N analyzer and phosphor by Bray and
Kurtz No 1 method using a spectrophotometer (Kacar 2012).

Soil respiration was determined by the gravimetric soda-
lime method (Monteith et al.,, 1964; Grogan, 1998,
Tiifekcioglu and Kiiciik.,, 2004). Three chambers were
installed on each plot just after placing the soda-lime
specimen. The soda-lime specimens were recollected 24
hours after the installation from May 2014 to November
2017, with a total of 9 occasions, 3-6 months intervals
considering the reaching conditions to the study field due to
snow cover.

Table 1. The average precipitation (Pr, mm) and temperature (T, °C) in the study area.

Total Pr
Years Parameters | Il i [\ \ VI VII VI IX X XI XIl Mean T
1937-2017 Pr 1265 1069 866 717 483 281 152 107 245 492 943 1576 819.6
T 2.4 3.3 6.3 107 151 190 218 215 175 126 8.0 4.4 11.9
2014 Pr 38.8 182 234 562 626 908 2.2 12 570 570 376 93.2 538.2
T 6.2 6.6 79 119 150 187 229 236 17.7 133 8.8 7.6 134
2015 Pr 99.0 658 602 418 541 606 205 456 150 326 49.0 1.8 546.0
T 2.3 4.0 7.0 89 167 175 227 225 206 141 9.7 2.6 12.4
2016 Pr 149.2 348 752 162 420 158 0.0 524 296 50 754 4.8 500.4
T 2.0 8.5 85 144 147 211 234 230 182 132 7.8 1.1 13.0
2017 Pr 113.6 302 362 694 678 778 14 354 34 448 538 66.8 600.6
T 0.0 4.8 82 108 149 191 229 219 194 122 7.9 6.7 124
Table 2. Some soil characteristics of the study site in 2017.
Bulk

Horizon  Density Organic EC Nitrogen Phosphor

(g cm®) Texture pH Matter (%) (mScm?t) (%) (mg kgt
Ah 1.00 £0.20 Sandy loam- Loamy sand 5.71+0.14 5.44 +1.55 0.04+0.01  0.18 £0.04 52.54 +£29.10
Ael 1.14 £0.14 Sandy loam- Loamy sand 5.68 £0.12 3.62 +1.16 0.03+0.01  0.13+0.04 66.42 +44.27

The effects of pre-commercial thinning applied at the
different intensities on respiration and the time-dependent
changes was evaluated by repeated measure ANOVA.
Treatments were evaluated as a between-subject factor in
repeated measures ANOVA to determine the differences
within the thinning intensity. The mean annual respiration
rates of the treatments were calculated by the mean of the
periods. The mean respiration rates of the treatments for
each year were evaluated by one-way ANOVA. All
respiration data showed normal distribution. Therefore, no
data transformation was needed. According to ANOVA
results, the means separation test of the Duncan test was
used for variables that were found to have a treatment effect,
and the results were evaluated differently at the a = 0.05
level (Ozdamar, 2002).

3. Results

The highest Rs were observed in moderate thinning, except
for November, September and November in 2015 and
September in November 2017. Soil respiration changed
from 0.35 g C m? d? in moderate thinning in September
2017 to 4.43 g C m2 d? in June 2015. Variation in Rs
among the measurement terms and treatment was significant
at a level of P<0.001 and P<0.05, respectively. A
decreasing trend was observed for Rs along the study period
(Figure 1). Rs in the spring (in May or June) were higher

than in the autumn and winter (in November and February)
(Table 3). Soil temperature increased with thinning with a
significant increase in May 2016, September 2016, and May
2017, with the lowest values in control (Table 3). The mean
annual soil respiration rate changed between 4.85 and 6.02 t
C ha? year™.

5,00
4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

| jght ==——\loderate Heayy em==(Control

Figure 1. Soil respiration rates of the treatments. Changes in soil

respiration (g C m day!) among the measurement terms is
significant at a level of P< 0.001.
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No significant variation in soil chemical parameters
measured was found among the treatments, except the pH of

(a) (b)
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6 5.8 2
b b
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Ael horizon. Lower pH values were measured in the
treatment parcels compared to the control (Figure 2).
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Figure 2. Some soil chemical attributes of the treatments. C, L, M, and H in the X-axis donate control, light thinning, medium thinning, and

heavy thinning, respectively. (a) Organic matter content of Ah horizon (%), (b) pH of Ah horizon, (c) Nitrogen content of Ah horizon (%),

(d) Phosphor content of Ah horizon (mg kg™), (e) Organic matter content of Ael horizon (%), (f) pH of Ael horizon, (g) Nitrogen content of

Ael horizon, (%) Phosphor content of Ael horizon (mg kg™). The difference in pH of the Ael horizon was significant at a level of 0.05 and
different groups were shown with different letters. Error bars indicate the standard error of the mean.

Table 3. ANOVA results for the thinning effects on soil respiration rate (Rs) and soil temperature (Ts) (Means + se).

Parameters  Practices  Nov 2014 Jun 2015 Nov 2015  Feb 2016 May 2016 Sep 2016 May 2017 Sep 2017 Nov 2017
Control 1.5740.06a  2.64+0.06b 1.44+0.13a 1.03+0.03a  1.92+0.13a 0.59+0.02¢  1.19+£0.08b  0.51£0.04a  1.10+0.09a
Rs Light 1.6140.08a  3.93+0.06a 1.49+0.08a 0.95+0.07a  2.31+0.25a 0.78£0.01b  1.08+0.04b  0.52+0.04a  1.23+0.20a
gCm?d! Moderate 1.80£0.21a  4.43+0.66a 1.40+£0.05a 1.08+0.12a  2.47+0.18a 1.1940.10a  1.68+0.04a  0.35£0.03b  0.95+0.29a
Heavy 1.50£0.07a  3.70+0.12ab 1.48+0.07a 0.90+0.02a  2.11+0.08a 1.04+0.03a  1.08+0.10b  0.51£0.05a  0.89+0.04a
P >0.05 <0.05 >0.05 >0.05 >0.05 <0.001 <0.001 <0.05 >0.05
Control 2.87+0.19a  11.93+1.68a 6.87+0.15a 4.80+0.26a  9.27+0.13b 15.404£0.21b  10.13£0.26b  20.70+0.60a  2.30+0.15a
Ts °C Light 3.12£0.30a  13.80+0.17a 6.93+0.09a 4.77+0.12a 10.17+0.12a 15.33+0.23b 10.57+0.09ab  21.00+0.17a  2.3340.18a
Moderate  3.10+£0.21a  13.97+0.24a 6.60+0.30a 4.53+£0.48a 10.50+0.62bb  16.23+0.52ab  11.20+0.46a 20.40+0.3la  2.57+0.27a
Heavy 2.87+0.32a  14.50+0.23a 6.63+0.03a 4.80+0.20a  11.50+0.25a 17.00+0.40a  11.40£0.06a 21.40+0.15a  2.33+0.30a
P >0.05 >0.05 >0.05 >0.05 <0.05 <0.05 <0.05 >0.05 >0.05

*Different letters on same columns show different groups

4, Discussion and Conclusions

Soil respiration results of the present study are comparable
with the results reported by Akburak and Makineci (2013),
who found a range of Rs of 0.39-2.24 m?d? for a Pinus
nigra plantation in Istanbul. On the other hand, Tiifek¢ioglu
and Kiigiik (2004) reported a relatively lower Rs in May for
Picea orientalis stands in a humid region, with a range of
0.59t0 1.13 g C m2dt. However, their Rs values in August
were similar to our results in November, likely due to the
effect of climatic conditions. On the other hand, thinning
resulted in an increase in Rs in June 2015 and September
2016 in the present study, as reported by Yang et al. (2022),
who found soil respiration between 0.63 and 6.72 g C m2d!
which is in line with the results found in the current study.
In addition, Zhang et al. (2022) reported that thinning

increased Rs by 32% in a Cunninghamia lanceolata
plantation in southeastern China, which is lower than the
present study, with a mean increase of 66% in June 2015 as
a result of medium thinning compared to the control.

Higher Rs in the treatments than the control might be
attributed to the accelerated litter decomposition rate due to
increased moisture and temperature in a forest stand.
Thinning decreases the interception capacity of the tree
canopy while increasing rainfall reaches the forest floor
(Cheng et al., 2020). In a variety of development stages
(young, pole, mature) of forests, maintenance treatments
such as thinnings lead to an increase in rainfall, light, and
the temperature reaching the ground, a decrease in water
consumption, and thus a change in the humidity-temperature
relationship in the soil (Tolunay, 2003). According to the
findings of this study, heavy thinning was observed to be
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beneficial in keeping the CO, emission caused by soil
respiration at the lowest level. A reduced live plant root due
to thinning will lead to decreased root respiration in heavily
thinned areas (Yuste et al., 2007), and soil respiration levels
will close to the control site. It was reported that CO;
emissions from the soil might be reduced by thinning due to
the reduction in subsurface autotrophic respiration, which is
greater than heterotrophic respiration (Sullivan et al., 2008;
Ryu et al., 2009). In the present study, moderate and light
treatments might encourage the formation of new plants, and
their respiration levels that increase with root respiration
were higher than those in control (Campbell et al., 2009).

Akburak and Makineci (2016) found that thinning had an
effect only in the first year on soil respiration in a hornbeam
forest in Istanbul. This change is in the direction of
increasing soil respiration by removing trees from the
system, as in our study. Thus, high respiration levels in the
thinned plots might follow a decreasing trend over the years
in this study. With an increase in thinning intensity, soil
respiration may decrease with the death of breathing tree
roots (Yuste et al., 2007). Still, it may increase with the
rapid breakdown of these roots by soil microorganisms or
the respiration of the fast-growing small roots of new plants
(Campbell et al., 2009; Yang et al., 2022). On the other
hand, as the stand canopy grows more rainfall and sunlight
would be captured by the tree crown, which in turn, causes
to decrease in microbial activity, one of the main sources of
soil respiration, due to less temperature and moisture.

Global soil respiration rates correlate positively with annual
temperature and precipitation (Raich and Schlesinger,
1992). The results of the present study confirmed that
relationship. The increase in the soil temperature with
thinning is likely because of the canopy reduction, thus
more energy and rainfall reaching the forest floor, notably in
the spring and autumn months (del Campo et al., 2022).

The minimum levels of Ts were observed in control areas.
As the litter layer acts as a buffer in control areas, soils in
the release cut area will likely not have warmer and drier
conditions than those under control (Callaham et al., 2004;
Epron et al., 2004). The respiration rate correlation with soil
temperature was consistent with the literature (Yilmaz and
Bilgili 2018).

Again, it is possible to make some generalizations about
annual soil respiration. When evaluating the study results
annually, the highest emission levels were produced from
moderate (6.02 t C ha? year?) thinning, while the heavy
thinning had the lowest emission after control plots (5.6t C
ha! year?). Although Zhang et al. (2022) reported a higher
soil respiration rate with a mean of 13.9 t C ha* year? for an
unthinned conifer forest in China, our results were close to
global soil respiration data of 6.8 t C ha?! year? for
temperate conifer forests, reported by Raich and Schlesinger
(1992).

Thinning affected only the pH of mineral soil significantly
in the current study. Other chemical properties were not
affected evidently in a three-year period.  However,
differences in the organic matter, nitrogen, and phosphor
content indicated that the effects of thinning on soil

chemical properties would become more evident in the
longer term. Soil pH of the Ael horizon was decreased
significantly by thinning, which may be related to the
increase in rainfall reaching the floor resulting in the
leaching of cations from the soil (Kantarci, 2000). Heavy
thinning increased pH compared to light and moderate
thinning, likely due to higher organic matter mineralization.
Similarly, Lin et al. (2022) reported that soil pH value
increased with an increase in forest canopy openness in
Cunninghamia lanceolata (Lamb.) Hook.) plantations in
China.

As a result, to minimize CO2 emissions from soil respiration,
heavy pre-commercial thinning may be an effective tool for
forest sites in ecological conditions similar to our study site
for carbon-focused forest management. However, heavy
thinning may reduce aboveground biomass, decreasing total
carbon stock in the ecosystem. Although a decline in
biomass carbon pool occurs just after the cutting, logging
residues left at the site and growing trees may somewhat
compensate for this decline. Nevertheless, there is a need
for further research on the loss and gain in carbon stock.

In this study, Rs measurements were carried out for
extended periods due to climate limitations. Shorter
sampling intervals along the year would likely reduce the
uncertainty of the annual CO; emission. Furthermore, the
role of the soil microbial community on Rs remained
unclear in this study. Therefore, the effects of temperature
rise due to thinning on soil enzymes, microbial carbon, and
fauna diversity should be investigated to understand better
the factors behind the changes in CO; flows in the
ecosystem. On the other hand, this study was carried out in
a sapling stage forest. Therefore, the results might not be
generalized to further stages of the stands, indicating another
research need for future changes in Rs and other soil
properties.
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