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Abstract

This study aimed to determine the effects of four different development stages of sessile oak
(Quercus petrea (Matt.) Liebl) stands on soil organic carbon (SOC) and total nitrogen (TN)
stocks in northwest Turkey. According to the diameter at breast height (dbh), sessile oak
stands were classified into four development stages namely: a development stage (<8cm), b
development stage (8 to 19.9 cm), ¢ development stage (20 to 35.9 cm) and d development
stage (36 to 51.9 cm). Soil samples were taken from three different soil depths (0-10, 10-20,
and 20-30 cm). Total 72 soil samples were collected from all development stages. Forest
floor litters were also sampled from each development stage. Results showed that soil organic
carbon varied significantly between the four development stages (R?=0.714, p=0.000) with
the highest stocks under the d development stage (55.0 Mg ha') and the lowest under the b
development stage (10.6 Mg ha™). Total N stock was highest under the a development stage
(3.39 Mg ha'), whereas it was lowest under the b development stage (1.18 Mg ha). About
71% of SOC was deposited in the upper 30 cm of the soil. The forest floor litter also varied
between the four development stages with the highest values under the b development stage
and the lowest under the a development stage. As a result, the results of the study indicated
that sessile oaks can play a significant role in storing organic carbon and nitrogen in the soil.
On the other hand, amounts of SOC and TN stocks can be significantly varied according to
stand development stages.
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SAPSIZ MESENIN (Quercus petrea (Matt.) Liebl) TOPRAK ORGANIK
KARBON VE AZOT STOKLARI UZERINDE GELIiSIM CAGLARININ
ETKIiSi: TASKOPRU, KASTAMONU ORNEGI

Ozet

Calismada, Tirkiye'nin kuzeybatisinda yayilis gosteren sapsiz mesenin (Quercus petrea
(Matt.) Liebl) toprak organik karbon ve toplam azot stoklari tizerinde dort farkli gelisim
caginin etkisinin ortaya koyulmasi amaglanmistir. G6glis yiizeyi ¢apina gore, sapsiz mese
mescereleri dort farkli mescere gelisim ¢aglarina ayrilmistir; a gelisim ¢agi (<8cm), b gelisim
cagi (8-19.9 cm), ¢ gelisim ¢ag1 (20-35.9 cm) and d gelisim ¢agi (36-51.9 cm). Farkli mescere
gelisim ¢agina sahip mese agacglar1 altindan 0-10 cm, 10-20 cm ve 20-30 cm toprak derinlik
kademesinden toplam 72 adet toprak Ornegi alinmistir. Her deneme alanindan Oli oOrti
orneklemesi de yapilmistir. Toprak organik karbon stoklari, mescere gelisim caglari arasinda
onemli 6lgiide farklilik gostermistir (R>=0.714, p=0.000). En yiiksek deger d gelisim ¢aginda
(55.0 Mg hal), en diisiik deger ise b gelisim caginda (10.6 Mg ha') bulunmustur. Toplam
azot stoku a gelisim ¢aginda (3.39 Mg ha?), en yiiksek b gelisim ¢aginda (1.18 Mg ha™) en
diisiik belirlenmistir. Sapsiz meselerde toplam toprak organik karbonun yaklasik %71'i
topragin ilk 30 cm'sinde birikmistir. Mescere gelisim ¢aglart ile 61U ortl birikimi arasinda da
farkliliklar bulunmustur. En yiiksek 6lii 6rtii miktar1 b gelisim ¢aginda, en diisiik ise a gelisim
caginda tespit edilmistir. Sonug olarak, ¢alismanin sonuglari sapsiz mesenin TOK ve TA
depolanmasinda 6nemli bir rol oynadigini gostermistir. Diger yandan, sapsiz mesenin TOK
ve TA stoklariin mescere gelisim ¢aglarina gore 6nemli degisiklikler gosterebilmektedir.

Anahtar kelimeler: Gogiis ¢api, sapsiz mese, mineral toprak, karbon stoku, Kastamonu

1. INTRODUCTION

Forest ecosystems can play an important role in storing carbon in terrestrial ecosystems,
which contain 80% of C (Dixon et al., 1994). Therefore, forest existence has an important
place in itself in terms of the C cycle. Forest ecosystems are the most important source that
can reduce the increased atmospheric CO2 (Savaci 2017). Many studies have shown that
forest soils, which are a significant element of the global C cycle, contribute approximately
70-73% of the global soil organic carbon pool (Six et al., 2002). About 500 billion tons of
carbon stored in terrestrial ecosystems is not only stored in plants but a large part of the C is
stored in soils. This amount is estimated as approximately 2000 billion tons for soils at a
depth of one meter (Janzen 2004).

A number of studies have shown that soil organic carbon (SOC) and total nitrogen (TN)
stored in the soil vary with soil texture (Baritz et al., 2010; Laganiere et al., 2010), soil depth
(Augusto et al., 2010; Diaz-Pinés et al., 2011), stand density (Ares et al., 2010; Oubrahim et
al., 2016), stand type (Pretzsch, 2005), stand age (Tian et al., 2015; Sariyildiz et al., 2016),
management practices (Paul et al., 2002). The amount of carbon stored above-ground (mostly
plants) (Alptekin, 2013) and belowground soil biomass (mostly roots) has been determined
(Tifekgioglu & Kugik, 2010; Guner et al., 2010). However, the effects of stand development
stage on SOC and TN stocks have received less attention.
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Oak is a tree species that has the highest distribution in Turkey and is important in terms of
species richness. Forest areas in Tirkiye are 22.933,000 hectares, according to the 2020
inventory data of the General Directorate of Forestry. The general site of oak in Turkiye is
6.747,440 hectares. Approximately 2.666,577 hectares of these are productive forest, the
remaining 4.080,863 hectares is coppice and degraded oak coppice forests. The oak forests,
which have the widest distribution in Tlrkiye cover approximately 29.42% of the Turkish
forests (General Directorate of Forestry, 2020). Sessile oak (Quercus petraea (Matt.) Liebl) is
important tree species in Turkiye. SOC and TN stocks, which are necessary for nutrients and
C cycle in the soil, are very important to a better understanding of how sessile oaks respond
to different stand development stages and for effective management practices. However, the
variation in the stocks of SOC and TN with different stand development stage is poorly
understood. Therefore, in this study, we aimed to determine the effects of four different stand
development stages on SOC and TN stocks of sessile oak namely: a development stage (a
DS) (<8cm), b development stage (8 to 19.9 cm), ¢ development stage (20 to 35.9 cm) and d
development stage (36 to 51.9 cm).

2. MATERIALS AND METHODS

2.1. Study site description and sampling

This study was carried out in Tagkoprii, which is 44 km away from Kastamonu and located in
the east part of Kastamonu in Turkiye. The study sites (Tekgam and Sarikaya Chiefdoms)

were located between 41°24'52"N-41°40'06"N latitudes and 34°14'41"E-34°24'34"E
longitudes (Figure 1).
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Figure 1. View of the study areas in northeastern Turkey
The basic characteristics of stands, geology, and soil types are shown in Table 1. The altitude
of study areas varied between 993 m and 1198 m. They were exposed south (S) and
northwest (NW) aspects and the slope varied between 15% and 50%. In the 1:1.250.000
scaled geological map, the bedrock type was schists with clay and unsorted basic and
ultrabasic rocks (Akbas et al., 2011). In the FAO's soil classification system (1978), soil type
was Eutric Cambisols. These soils generally contain eutric A horizons and have 50% or less
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base saturation between 20 and 50 cm from the soil surface (Atalay, 2006). The humus type
of the sessile oak stands was mull. The annual rainfall was 565.4 mm and the temperature
was 10.4°C (Aktas Tiimer, 2022).

Table 1. Description of physiographic, geological, and silvicultural characteristics of four
different stages of stand development in sessile oak (Quercus petrea (Matt.) Liebl)

Site Eactors Stand Development Stages
a b c d

(<8 cm diameter) | (8cm-19.9 cm) (20 cm -35.9 cm) (36 cm-51.9 cm)
Latitude 41°2521" 41°24'52" 41°39'39" 41°40'06"
Longitude 34°24'34" 34°22'49" 34°14'41" 34°14'41"
Aspect south northwest northwest northwest
Altitude (m) 1191 1155 993 1198
Slope ( %) 20% 15% 45% 50%
Bedrock type Schist Schist Ultrabasic rocks Ultrabasic rocks
Soil Eutric Cambisols | Eutric Cambisols | Eutric Cambisols Eutric Cambisols
Total soil samples 18 18 18 18
Tree number 140 35 40 24
Mean diameter(cm) | 7.1 8.6 25.4 36.0
Stand density (%) 0-40% 71-100% 71-100% 41-70%

According to a diameter at breast height (DBH) for sessile oak stands, stages of stand
development were divided into four parts: a, b, ¢, and d development stages. For each
development stage, three subplots (20m x 20m = 400 m?) were selected. The area
measurements and sampling were carried out in September 2020. The canopy closure and
diameter of trees for each subplot were determined. DBH measurements of all trees at each
development stage were done by using a diameter taper. 72 undisturbed soil samples were
taken under the four different stand development stages. Soil samples were collected from
four different depths: 0-10, 10-20, and 20-30 cm. A steel cylinder (10 cm inner diameter)
was used for undisturbed soil samples. Disturbed soil samples were also taken from a depth
of between 0 and 30 cm to be used for soil physical and chemical analyses. In each stand
development stage, forest floor litter was also collected from a total of thirty-six subplots.
The litter samples were brought to the laboratory and dried under the laboratory conditions
and then oven-dried at 65°C for 48 hours to constant weight to determine the ratio of fresh to
dry weight.

2.2. Analysis of Soils

The organic matter content of the soil was determined by an ash furnace method (Gulcur,
1974), soil pH was determined by using a pH meter (1:2.5 distilled water + soil) (Jackson,
1962), and soil bulk density was determined according to Blake & Hartge (1986) method.
Maximum water holding capacity (MWHC) was calculated from the difference between
these two weights (Ozyuvaci, 1975). The skeleton content of the soil which was the amount
of stone and gravel remaining on the sieve was determined as the volume (Glner et al.,
2011). N and C contents were determined by CHN-S Elemental Analyzer (Eurovector EA
3000 Series) in Kastamonu University Central Laboratory. TN and SOC stocks were
calculated by multiplying bulk density, soil volume, SOC, or TN stock (Sariyildiz et al.,
2015). The mass of soils was calculated with the following Equation 1.

Mi = BDi x Ti x 10* (@8]
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where M; is the mass of dried soil (Mg/ha), BD; is bulk density (Mg/m?®), Ti is the thickness of
the (i™) soil layer (m), and 10* is the unit conversion factor (m?/ha). The determination of
SOC or TN stock in field soils was calculated by the following Equations 2 and 3.

SOC = SOCi x M; )
TN = TNi X M; @)
where TN; and SOC; are N and C concentrations, respectively.

2.3. Statistical Analysis

ANOVA test was constituted by using the IBM SPSS Statistics 22 program to analyze the
effects of four different stand development stages on TN and SOC stocks of sessile oak.
Tukey Honest Significant Difference was performed for multiple comparisons of TN and
SOC stocks with stand development stages and soil depths.

3. RESULTS AND DISCUSSION
3.1. Soils

Some soil properties of the sessile oak from the four different stand development stages are
shown in Table 2.

Table 2. Some soil properties of the studied areas

Stand Soil | Organic Bulk Soil TN SOC
development|depth| matter | pH | density M&'}'C skeleton ((',\/L ) ((();0) stock stock

Stages (cm) | (%) (gcm™) (%) (Mg ha) | (Mg ha)
0-10 4.8¢ 6.99 | 0.79%c | 12.3¢ | 37.9* |0.289°" | 2.793¢ 1.31¢ 11.72¢%
14 [ 02| 0.1 4.9 6.7 | +£0.15 | +0.78 +0.75 +7.07
10-20 45% | 6.1° | 0.90° 7.7 | 41.5% |0.256%f|2.626%| 1.08« 10.91¢
a 2.6 [ 03| 0.2 2.9 +10 | +0.09 | £1.48 +0.69 +3.09
b0-30 3.1 | 6.6 0.89° 6.5 | 41.5%® |0.226°¢|1.819%| 1.00% 8.86°
23 [ 01| 0.2 0.9 +11 | +0.13 | £1.34 +0.35 +6.80
0-30 413 | 653 | 0.86 8.83 40.3 0.26 2.41 3.39 31.49
2.6" | 6.4% | 0.79%c | 9.7° | 50.5°¢ |0.127%|1.519 | 0.49% 5.79%

0-10 1.2 |02 | #0.1 +3.6 +6.8 | +0.03 | +0.68 +0.12 +2.42

10-20 0.85* | 6.2° | 0.89¢ 6.05* | 58.3° | 0.082% | 0.4922 0.36% 2.62%

b 0.2 | +01 | #0.1 +0.9 +8.2 | +0.009 | +0.13 +0.04 +0.59
0-30 1.1% 6.2° | 0.85 5.5% 61.3° | 0.079% | 0.634%® 0.33% 2.23

0.3 [ 01| 0.2 0.7 +7.9 |+0.009 | +0.18 +0.03 +0.75

0-30 1.52 6.27 | 0.84 7.08 56.7 0.09 0.88 1.18 10.64

0-10 4.9 5.6 | 0.65° 7.6 | 53.3° [0.179°¢| 2.837° | 0.68%° 9.18Pcd

0.2 [ 05| 01 1.4 6.7 | +0.029 | +0.14 +0.15 +1.62

10-20 3.7% | 6.7¢ | 0.85° | 5.05% | 39.3% [0.161%°|2.123%%| (0.57%® 8.91Pcd

c 0.7 |03 | #0.1 0.6 +7.3 | +0.029 | +0.38 +0.03 +1.42
b0-30 2.6 | 6.4 | 0.87™ 5.2% | 41.3% |0.130%|1.499| 0.56% 6.67%¢
0.7 [ 01 ] 0.2 1.4 +5.9 |+0.026 | +0.39 +0.09 +2.41
0-30 3.73 6.23 | 0.79 595 | 4463 | 0.16 2.15 1.81 24.76
0-10 10.79 | 857 | 0.69% 6.9 31.3% | 0.3277 | 6.1959 1.13¢ 21.53¢
16 |03 ] =01 +1.8 | #15.1 | £0.05 | +0.93 +0.17 +3.89
d 10-20 7.5f 857 | 0.83% | 6.22 31.6% |0.243%f 4.327° 1.00¢¢ 17.89

1.2 | +05| #0.2 +0.9 +9.5 | +0.04 | #0.72 +0.26 +4.60
20-30 6.8' 758 | 0.79%¢ | 552 32.8% |0.226%%| 3.9437 | 0.90° 15.62°f
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+0.7 |03 ] 0.1 +1.8 | #10.5 | #0.03 | +0.39 +0.17 +2.46
0-30 833 817 ] 0.77 6.2 31.9 0.27 4.82 3.03 55.04

It is expressed as Means + Standard Error. Where letters in superscript differ, data are significantly different (p<0.05). EC: Electrical
conductivity, MWHC: maximum water holding capacity, N: nitrogen, C: carbon, TN: Total nitrogen, SOC: Soil organic carbon.

In general, organic matter decreased with soil depth (except for the b stage). The d stage of
sessile oak stands was highest in organic matter (OM) content at any soil depth (10.7%,
7.5%, and 6.8%, respectively) compared to the other stages. According to the results of OM
in the soil, the a and ¢ stages had medium humus soils, the b stage had low humus soils, and
the d stage had very humus soils. While the soil pH was moderately alkaline in the d stage
(8.17), the other stand development stages had slightly acidic soil. The soil bulk density
varied between 0.65 and 0.90 g cm™. Each stand development stage had the lowest bulk
density at 0-10 cm soil depth. Maximum water holding capacity was the highest at all soil
depths for the a stage. The soil skeleton was the lowest under the d stage (31.3%). The a, c,
and d stages had a moderately stony or gravelly skeleton, whereas the b stage had very much
stony or gravelly soil. Mean N concentration, TN, and SOC stocks decreased with soil depth
(Table 2). The b stage stands had the lowest carbon (0.88%), nitrogen concentrations
(0.09%), SOC (10.64 Mg ha), and TN (1.18 Mg ha*) stocks at 0-30 cm, whereas the d stage
stands showed the highest carbon (4.82%), nitrogen concentrations (0.27%), SOC (55.04 Mg
ha') stocks (Table 2). The distribution of TN for different stand development stages at 0-30
cm soil depth was in the order of the a (3.39 Mg ha) > the d (3.03 Mg ha) > the ¢ (1.81 Mg
ha') > the b (1.18 Mg ha). The distribution of SOC for different stand development stages
was in the order of the d (55.04 Mg ha') > the a (31.49 Mg hal) > the ¢ (24.76 Mg ha?!) >
the b (10.64 Mg hal) (Table 2).

SOC stock at 0-10 cm for sessile oak stands varied between 5.79 Mg ha™ and 21.53 Mg ha.
The highest stock of SOC was in the d stage (21.53 Mg ha?), followed by the a (11.72 Mg ha”
1, the ¢ (9.18 Mg ha™l), and the b (5.79 Mg ha), respectively. At 10-20, 20-30, and 0-30 cm,
SOC stocks for sessile oak stands were the highest in the d stage (17.89, 15.62, and 55.04 Mg
hal, respectively) stands, the a (10.91, 8.86, and 31.49 Mg ha, respectively), the ¢ stage
(8.91, 6.67, and 24.76 Mg ha'!, respectively), and the b stage (2.62, 2.23, and 10.64 Mg ha?,
respectively) were ranked from highest to lowest (Figure 2).

00-10 cm
A@10-20 cm
220-30 cm
m0-30 cm

Different stage of stand
development

0 20 40 60 80
Soil Organic Carbon Stock (Mg ha't)

Figure 2. SOC stock at different soil depths in four stand development stages in sessile oak

SOC varied significantly among the stages of stand development (Table 3). The main effects
of stand development stage on SOC stock was significant (R?=0.714, p=0.000, n=72).
Similarly, Makineci et al (2015) found that SOC stock was significantly correlated with a
diameter at breast height (R?=0.51, p=0.000, n=122) for sessile oak in Turkey. Eduardo et al.
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(2010) in Germany showed that SOC stocks in topsoil decreased with increasing oak age
(R?=0.58, p<0.10) and this was probably due to the faster decomposition rate of the O layer
(Eduardo et al., 2010). Verma et al. (2019) found for oak and pine stands that there was a
good relationship between diameter at breast height and SOC stock (R?=0.9). However, our
study showed that SOC stock in the soil increased with increasing the diameter at breast
height of sessile oak (except for the b stage). These differences may be due to the different
depths of soil sampling in the profile. In our case, the soil profile to a depth of 30 cm was
used, and this may underestimate the total SOC stock for the stand with deeper soil horizons.
Similarly, Cao et al. (2012) reported that SOC taken from the depths of 0-10, 10-20, and 20—
40 cm increased with stand age from 21.11, 14.94, and 9.38 g/kg, respectively, in 25-year-old
stand to 36.79, 24.54, and 14.45 g/kg, respectively, in 105-year-old stand and SOC
diminished significantly with increasing soil depth in Chinese pine (Pinus tabulaeformis)
stands. This increase in SOC may be due to the accumulation of sessile oak litter on the forest
layer. Similarly, Chao et al. (2019) noted that the mineral SOC stock increased with tree age,
up to 81.23 Mg ha! under 51- to 60- year-old oak trees. On the other hand, Verma et al.
(2019) SOC stock in soils under 10-20 cm diameter at breast height banj oak trees (Quercus
leucotrichophora) was between 11.29 and 21.42 Mgha™. They stated that SOC stock under
20-30 cm diameter at breast height banj oak trees was between 7.05 and 17.59 Mg ha in
Almora, Central Himalaya. Since SOC stock was calculated by multiplying the C
concentration with the soil bulk density, likely, high SOC stocks in oak soils at different
stand development stages were related to the high C concentration. Also, these variations can
be associated with bedrock type, slope, stand age, physiographic characteristics, and litter
quality.

In our study, there was a decrease in SOC stocks as soil depth increased and an increase in
mineral soils (especially at 0-10 cm). This may be a result of C accumulation in the mineral
topsoil as a result of organic matter decomposition. Similarly, Corral-Fernandez et al. (2013)
stated that SOC stock decreased with soil depth under oak stand (Quercus ilex ssp. ballota).
Bruckman et al. (2011) stated that SOC stock of sessile oak stands (Quercus petraea) steadily
decreased with increasing soil depth. The presence and accumulation of litter might have also
affected the content of SOC. In the soil mineral layers (up to 30 cm), SOC stocks were found
to be 10.64 Mg ha! for the b stage, 24.76 Mg ha for the c stage, 31.49 Mg ha* for the a
stage, and 55.04 Mg ha® for the d stage. Cha et al. (2019) reported that oaks including
Mongolian oak (Quercus mongolica), Chinese cork oak (Quercus variabilis), sawtooth oak
(Quercus acutissima), and Jolcham oak (Quercus serrata) stands included 66 Mg ha of SOC
at 0-30 cm in the Republic of Korea (South Korea). SOC stock at 0-10 cm soil depth under
Norway spruce stands (Picea abies (L.) Karst.) and beech (Fagus sylvatica L.), while Scots
pine (Pinus sylvestris L.) and common oak (Quercus petreae Liebl.) or beech (Fagus
sylvatica L.) stands investigated by Koch and Makeschin (2004) was between 15.0 and 55.0
Mg ha’. Quideau et al. (1998) found that SOC stock at 0—100 cm by Coulter pine (Pinus
coulteri B. Don) was 20.30 Mg ha* and scrub oak (Quercus dumosa Nutt) to 37.6 Mg ha™.
Considering some studies that found nearly twice our values, Eduardo et al. (2010) found that
in the organic and mineral layers (0-20 cm), SOC stocks amounted to 79.2 Mg ha at Scots
pine (Pinus sylvestris L.) and 64.3 Mg ha* at Scots pine mixed with 124 years-old sessile oak
(Quercus petraea (Matt.) Liebl.), respectively. In our study, SOC stock tended to soil depths
and stages of stand development. However, Cha et al. (2019) found that SOC stock increased
from 66.14 to 84.24 Mg ha? as soils deepen and this increase is because the downward
seepage of dissolved C from the organic horizon could increase SOC stock. Koch and
Makeschin (2004) reported that sessile oak and European beech forests could store C over a
longer period within deeper soil compared to coniferous forest soils.
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TN stocks at 0—10 cm varied among the four stand development stages (p<0.001) (Figure 3).
In general, the highest TN stock was observed in the reproduction stage of sessile oak stands
and significantly lower values in the sapling and large pole stages of stand development
(Table 2). In the sessile oak stands at 4 different stand development stages, TN stock at 0-10
cm was the highest in the a stage (1.31 Mg ha) followed by the d stage (1.13 Mg ha), the ¢
stage (0.68 Mg ha?), and the b stage (0.49 Mg ha?), respectively. TN stocks at 10-20 cm
were the highest in the a stage (1.08 Mg ha™l), followed by the d stage (1.00 Mg hal), the ¢
stage (0.57 Mg hat), and the b stage (0.36 Mg ha*), respectively. TN stocks of sessile oak
stand at 4 different development stages in soils at 20-30 cm and 0-30 cm showing a tendency
to increase and decrease, similar to the results in 0-10 cm soils (Figure 3). The highest TN
stock was observed in the a stage (3.39 Mg ha) and the d stage (3.03 Mg ha) stands and the
lowest in the b stage (1.18 Mg ha™) stands at 0-30 cm (Figure 3).

cdd
Oak(d) (I TA TR LA bcd

abc
0ak(c) % ab

Different stage of stand
development
QD

ab
Oak(b) gz 4 00-10 cm
F10-20 cm
d 220-30 cm
Oak(a) hemmmmass Cdcd m0-30 cm
0 1 2 3 4 5

Total Nitrogen Stock (Mg ha1)
Figure 3. TN stock at different soil depths in four stand development stages in sessile oak

When sessile oak trees developed from young to middle-aged, TN stock significantly
increased in the reproduction stages of stand development, whereas the sapling or pole stages
and the large pole stages significantly decreased, and then increased in the medium wood
stage of stand development (Figure 3). However, Eduardo et al. (2010) found that TN stock
in the mineral soil and organic horizon was not affected by increasing in oak age (R?=0.31,
p=0.16). Quideau et al. (1998) found that TN stock at 0-100 cm by pine was 0.44 Mg ha
compared to oak was 1.12 Mg ha*. Eduardo et al. (2010) reported that at 0-20 cm, TN stocks
were 2.71 Mg ha! under Scots pine and 2.70 Mg ha™* under Scots pine mixed with 124 years-
old sessile oak, respectively. Compton et al. (1998) reported that TN stock was 2.0 Mg ha* at
0-15 cm under mixed oak and pine in America. Liu et al. (2022) stated that the average soil
total N contents recorded in near-mature, young, and middle-aged Picea mongolica forests in
China were 18.32 mg kg, 17.87 mg kg, and 15.96 mg kg™, respectively. Savaci et al.
(2021) stated that at 0-30 cm, TN stocks found 1.62 Mg ha! at Kazdag: fir (Abies
nordmanniana subsp. equi-trojani), 0.96 Mg ha* at black pine (Pinus nigra Arnold.), and
1.46 Mg ha! at Scots pine (Pinus sylvestris L.), respectively.

The main effects of development stage were only significant for soil TN stocks (Table 3).
The highest TN stocks in young-aged (reproduction stages) sessile oak stands suggest that the
availability of soil N was at its highest concentration in the young stands. TN stock was
observed to decline with soil depth, but non-significant. A similar result was observed by
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Corral-Fernandez et al. (2013) in Pedroches Valley in Spain. Liu et al. (2022) reported that
Total N declined with an increase at 0-50 cm.

The single effects and interactions of soil depth (SD) and stage of stand development (SSD)
on SOC and TN stocks were listed in Table 3. The main effects of stage of stand development
on SOC stock (R?=0.714, p=0.000, n=72) and TN stock (R?=0.489, p=0.000, n=72) were
significant, while the main effects of soil depth were only significant for SOC stocks
(R?=0.144, p=0.009, n=72). Soil depth x Stage of stand development interaction was
nonsignificant for SOC and TN stocks (Table 3).

Table 3. Two-way ANOVA values of SOC and TN stocks variations depending on oak

stands at different developmental stages, soil depth and the effects of both (%)

Sumof | df Mean F Sig. Eta

Soil Organic Carbon (Mg ha?) Squares Square Squared

Corrected Model 2262.278 11 205.662 |14.923 .000 732

a

Intercept 7434357 | 1 [7434.357 |539.433 .000 .900

Stage of Stand Development (SSD) |2061.097 | 3 [687.032 149.851 .000 714

Soil Depth (SD) 139.357 | 2 169.678 5.056 .009 144

SSD* SD 61.824 | 6 [10.304 .748 .614 .070

Error 826.909 | 60 ([13.782

Total 10523.54

3 72

Corrected Total 3089.187 | 71

Total nitrogen (Mg ha?)

Corrected Model 7.013a | 11 |638 5.705 .000 511

Intercept 44282 | 1 144.282 396.281 .000 .869

Stage of Stand Development (SSD) 6.408 | 3 [2.136 19.115 .000 .489

Soil Depth (SD) 189 | 2 1094 .843 435 .027

SSD* SD 417 | 6 1069 .622 712 .059

Error 6.705 | 60 |112

Total 58.000 | 72

Corrected Total 13.718 | 71

3.2. Litter on the Forest Floor and Soil Organic Carbon

The distribution of SOC at soil depths have shown in Fig. 4. About 71% of SOC was stored
in the upper 30 cm of the mineral soil horizon in sessile oak trees, indicating that higher SOC
stock was sequestrated in the upper soil. For the a stage of sessile oak stand development, the
percentage of SOC at 0-10, 10-20, and 20-30 cm were 33.85%, 31.5%, and 25.58,
respectively, and decreased with increasing soil depths for all stages. In sessile oak stands at
the c stage, the percentage of SOC was the highest at 0-10 cm (31.3%) followed by 10-20 cm
(30.4%), and 20-30 cm (22.8%), respectively. The percentage of SOC for different stages of
sessile oak stand development was in the order of the d stage (90.9%) > the a stage (90.1%) >
the c stage (84.5%) > the b stage (71.9%) (Figure 4). Carbon concentration of litter samples
ranged from 3.14 Mg ha! in the a stage to 6.03 Mg ha! in the d stage of sessile oak stands.
While the C concentration of the litter samples of sessile oak stands increased with stand
development stages. The percentage of C within different stand development stages was
shown in Fig. 4. According to the percentage distribution of carbon content in other mineral
soil depths and forest layers, litter on the forest floor was predominant, representing 28.11%
of SOC stocks in the b stage of sessile oak stands. The percentages of C for different stand
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development stages were in the order of the b stage > the ¢ stage > the d stage > the a stage
(Figure 4).

100%
_ @2 Forest Floor
g ESO%
G = m0-10 cm
S 860%
25
3 '£40% = 10-20 cm
52
2 020%
&) m20-30 cm

0%

Oak(a) Oak(b) Oak(c) Oak(d)

Stage of Stand Development in Tree Species

Figure 4. Percentage contribution of carbon pool in forest floor and different soil depths in
four stand development stages (a, b, ¢, and d) in sessile oak

Litter on the forest floor accounts for a large portion of the litter quantity on oak trees with a
large diameter breast height (the d stage=6.03 Mg ha™) compared with a small diameter
breast height (3.14 Mg ha! and 4.16 Mg hat), and the amount of litter at the d stage was
approximately twice that of the a stage (Figure 4). Nitrogen content and total nitrogen stock
were higher in middle-aged trees (the d stage) with the highest diameter at breast height
(Table 2). The increase in N concentration and TN stock may be due to increased nutrient
input in the soil via sessile oak litter. Also, this is a common expectation that old forests have
a large accumulation of litter fall on the soil surface compared with young forests (Berg et al.,
2001). However, Law et al. (2001) argued the opposite of this situation. Verma et al. (2019)
reported that N concentration and TN stock increased with an increase in tree diameter and
tree density.

4. CONCLUSIONS AND RECOMMENDATIONS

Our data indicate that SOC and TN stocks can change in different stand development stages.
SOC stocks for the surface to deeper soil depth ratio ranged from 11.72 Mg ha to 8.86 Mg
ha under the a stage, from 5.79 Mg ha to 2.23 Mg ha* under the b stage, from 9.18 Mg ha™*
to 6.67 Mg ha* under the ¢ stage, but the highest SOC stock was only from 21.53 Mg ha™* to
15.62 Mg ha* under the d stage. Also, it has been observed that the highest TN stocks in the
soil were young (the a stage) and mature oak trees (the d stage).

Our study found that sessile oak stand was with a higher tree density of the stages. SOC and
TN stocks under mineral soil were playing an important role in sessile oak stands. In our
study, it was observed that litter accumulation increased due to an increase in stand
development stages. Different stages of stand development could play an important role in
litter quantity and affect OM accumulation. Therefore, we can reveal a relation to site
productivity.

As a result, our study showed that sessile oaks play an important role in SOC and TN stocks
in soil and as a significant sink for CO; in the atmosphere. SOC and TN stocks have high
values for the studied stand, making these results very important for C and N cycles. More
extensive studies will be needed on the effects on N and C stocks by studying different oak
species with different stand development stages in other regions.
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